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Subject Challenges

A. Process &
Methodology

1 Lack of innovative teaching. Teachers do not apply or adapt different tools 
to include all learning, pedagogical skills and teaching methods.

2 Lack of individually planned and systematically controlled teaching 
process on  STEAM education for children with SEN.

3 Division of students as for gender, culture and learning styles.

4 Lack of education methods in terms of knowledge assessment along with 
abilities and competences.

5 Lack of multi-disciplinary and collaborative teaching approach especially 
in regards to SEN students.

6 STEAM is still being viewed as a series of hands-on tasks within certain 
events.

B. School
Organization

7
Lack of STEAM experts at school that could help teachers or special 
education teachers to develop STEAM subjects of pedagogies more 
adaptable for SEN students.

8 Lack of suitable infrastructure, facilities and technical support to assist 
children with SEN.

9
Not enough time - Teachers are too busy and the classes consist of 
many students to organize the educational process so that it can be 
implemented in the classroom

10 The learning environment is not conducive for mutual learning and 
support between children and adults.

11 Lack of flexibility in curricula to enable lecturers to use a variety of 
teaching methods.

C. Teacher
Training

12 Lack of teacher training to acquire the appropriate skills and knowledge to 
successfully meet the modern demands of the STEAM community.

13 Lack of teacher’s motivation for professional development and in-depth 
understanding of STEAM subjects
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D. Curriculum

14
Teaching STEAM is more theoretical. Critical thinking, problem based 
projects, inquiry based approach collaborative learning, creativity, exper-
imental and peer teaching are not being fully exploited within all areas of 
the curriculum.

15
There is a large gap between the material taught and the language used 
in today’s reality. Classroom discussions between teachers and students 
are characterized by a profound linguistic divide.

16 STEAM and Robotics is currently not part of the curriculum in compulsory 
education.

E. Learning
Resources

17
Lack of appropriate educational and digital resources /techniques , soft-
ware programmes, games in STEAM and Robotics specifically for stu-
dents with SEN.

18
Lack of student’s experience in educational resources (robots, sensors, 
experiments, specific software, web based simulators, arts lab, education-
al games and unconventional methodologies etc.)

19 Lack of specific scientific research for the relationship between students 
with SEN and STEAM approaches.
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Activity number: 1
Name of the  
Activity: Distance Sensor (sonar)

Challenges 
addressed:
(see Annex 1)

A1,A2, A5, A6, B9, B11, C12, D14, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[_] Arts            [x] Mathematics   

  
  

Number of students: About 2 to 20 students

Target Group -
Age of students:

[_] 12-14        [x] 15-18        
[_] All target groups 

Prior knowledge: - Programming of microcontrollers
- Printed circuit boards design

Duration (minutes):
960 minutes (If each group does the complete project. This project can be 
divided into three main parts - Science and mathematics (300 minutes), tech-
nology (360 minutes) and engineering (300 minutes)

Materials and Re-
sources required:

Required Materials:
- Computers equipped with software dedicated to microcontroller program-
ming and PCB design;
- Equipment dedicated to the manufacture PCB;
- Microcontrollers (picaxe, or arduino ...)
- Ultrasonic sensor (HC-SR04)
- Display LCD 16x2
- Electronic components;
- Assorted Tools
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Expected results/
Learning outcomes:

Students should get to know:

Science and Mathematics:
- Main features of SOUND
- Speed of sound propagation in different media
- Calculation form that relates the variables time, distance and speed
- What is a sonar
- Applications of sonar by man (ultrasound scans, fishing, profiling the 
seabed, ...) and as a means of communication between various species of 
animals.
- Environmental impact of the use of sonar by man

Technology:
- Practice using PCB design software
- Practice using appropriate technology to make PCB
- Practice the electronic components  welding on the PCB

Engineering:
- Program the microcontroller (Basic Picaxe or C language for Arduino)

Description:
Students will use knowledge of mathematics, physics - study of sound and 
its propagation in different media, learn about applications of “sonar” technol-
ogy and build a distance meter using said technology.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
The goal is to build an equipment that indicates how far an object is, 
using a sound wave
It is possible to stimulate the students’ curiosity by using the term “sonar”, 
they have certainly heard it. But what is it really, what characteristics of 
sound does it use? How to relate to something that everyone has heard of - 
in the form of communication between dolphins and bats? Sound propagates 
with the same speed, regardless of whether it is in the air, in the water ...? 
Given the topic, the questions will almost naturally arise
It is possible to develop the connection with other disciplines such as physics 
and mathematics 
Students need to investigate how the HC-SR04 Sensor works, to use it ac-
cording to what they have investigated in scientific and mathematical terms

2. EXPLORE AND DISCUSS 
Students should research all the topics about sound, sonar, etc… 
Each group of students can present all the data they obtained and after com-
paring and discussing all the results, they can draw concrete conclusions.

3. EXPERIMENT / EXPLAIN
- Students need to investigate how the HC-SR04 Sensor works, to use it ac-
cordingly to what they have investigated in scientific and mathematical terms
- After investigating and experimenting how the sensor works, they will 
discuss the main aspects of the flowchart, which is needed to achieve the 
objective - measure the distance of an object
- Students choose which microcontroller they want to use and design the 
PCB layout
- Consume the PCB and solder the components
- Program the microcontroller
- Try the circuit
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Guidelines 

5. REFLECT 
At the end of the experience, students should reflect on their initial difficulties 
and see if they have overcome them and how or they have not been able to 
overcome them. 

6. EVALUATE 
A small document should be made where students put the steps they have 
taken to complete the activity. They can also make an oral presentation that 
complements their work. 
They must mention the difficulties they had and how they overcame them.

Tips for Teacher:
Students should be divided into groups of 2, or 3.
There should also be a brief presentation of what is intended with this experi-
ence and the minimum concepts for students to be able to start the develop-
ment of the activity.

Interactive tools:



Educational Tools  &  
Usability Guidelines 

- 11 -ERASMUS+ project  
2019-1-PT01-KA201-060762

Go to 
Index

Activity number: 2
Name of the  
Activity: Electronics starter kits

Challenges  
addressed:
(see Annex 1)

A1,A2, A5, A6, B9, B11, C12, D14, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[x] Science     [x] Technology     [_] Engineering
[x] Arts           [_] Mathematics  

  

Number of students: About 2 to 20 students 

Target Group -
Age of students:

[_] 12-14        [x] 15-18        
[_] All target groups 

Prior knowledge: No prior knowledge is required

Duration (minutes):
450 minutes –Complete Kit Set- This project can be divided into three main 
parts – Arts ( 100 minutes) , Science (100 minutes), and technology (250 
minutes) 

Materials and Re-
sources required:

Required Materials:
- Electronic components 
- Assorted Tools
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Expected results/
Learning outcomes:

Students should get to know:

Arts: 
- Dimension and build an object according to its function and select the 
material properly
- Develop the aesthetic sense

Science:
- Know conductive and insulating materials
- Understand the current direction in a circuit
- Identify the polarity of a cell
- Knows and lists the main quantities of an electrical circuit (Voltage, 
Current Intensity and Resistance)

Technology:
- Know the characteristics and operation of the basic components of 
electronic (resistors, potentiometers, DC motors, LEDs, switches, reed 
switches, ...
- Designs and assembles circuits according to a goal
- Tests circuits, detects and corrects any operating anomalies)

Description:

Tips for Teacher: 

Students should be divided into groups of 2, or 3.
There should also be a brief presentation of what is intended with this experi-
ence and the minimum concepts for students to be able to start the develop-
ment of the activity.

Interactive tools:  http://scopabits-en.mystrikingly.com/
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
The objective is to build electronic kits that can be interconnected in 
order to carry out a project, like this, for example:

It is possible to encourage students to study the basic principles of electricity 
and electronic component technology, using project work.
It is possible to develop the connection with other disciplines such as arts, 
physics and technology.

2. EXPLORE AND DISCUSS
- Students should research all the topics about the characteristics and 
applications of electronic components (resistance, potentiometer, lamp from 
6 to 12v, DC motor, LED, switch, reed switch …) and share the knowledge 
acquired among them
- They choose the insulating material in which the kits’ support structure will 
be produced (cardboard, plastic, wood, etc ...)
- They create the structure (if they have a 3D printer it is a great opportunity 
to use it)
- They fix each component to a structure
- Each group of students can present all the data they obtained and after 
comparing and discussing all the results, they can draw concrete conclu-
sions, building different electrical circuits and experiment with different 
combinations
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

3. EXPERIMENT / EXPLAIN
- Each group of students can demonstrate the functioning of small circuits 
and draw conclusions for future applications
- After this exchange of knowledge each group can choose a project that 
includes the studied components
- Students will design the layout of their project
- They will make the connections of the components to be used
- Try the circuit operation
- Detect and Correct any problems

5. REFLECT
At the end of the experience, students should reflect on their initial difficulties 
and see if they have overcome them and how or why they have not been 
able to overcome them.

6. EVALUATE
A small document should be made where students put the steps they have 
taken to complete the activity.
They can also make an oral presentation that complements their work.
They must mention the difficulties they had and how they overcame them
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Activity number: 3
Name of the  
Activity: Lighting Effects Control (PI)

Challenges  
addressed:
(see Annex 1)

A1,A2, A5, A6, B9, B11, C12, D14, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[x] Arts            [x] Mathematics   

Number of students: About 2 to 20 students 

Target Group -
Age of students:

[_] 12-14        [x] 15-18        
[_] All target groups 

Prior knowledge:
- Understand the functioning of Digital Counters in integrated circuit or Pro-

gramming of microcontrollers (depending on the technology chosen)
- Printed circuit boards design (PCB)

Duration (minutes):
780 minutes (If each group does the complete project). This project can be 
divided into three main parts – Arts and mathematics (300 minutes), technol-
ogy (360 minutes) and engineering (120 minutes)

Materials and Re-
sources required:

Required Materials:
- Electronic components
- Led Strip
- Led Strip Connectors 
- Assorted Tools
- Computers equipped with software dedicated PCB design;
- Equipment dedicated to the manufacture PCB;

1ª version
- Digital Counter
- CI NE555

2ª version
- Computers equipped with software dedicated to microcontroller;
- Microcontrollers (picaxe, or arduino ...)
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Expected results/
Learning outcomes:

Students should get to know:

Arts and Mathematics: 
- Aesthetics notions
- Characteristics and diversity of materials
- Importance of choosing the right tools to work with the chosen materials
- Ratio of scales and dimensions
- Concept of projection and scales

Technology:
- Practice using PCB design software
- Practice using appropriate technology to make PCB
- Practice the electronic components  welding on the PCB

Engineering:
Understand the application of transistors as current amplifiers

1ª version
- Know the concept of oscillator and how to control the frequency of the 
output signal
- Understand the diversity of digital meters and their operation

2ª version
- Microcontroller programming practice (Basic Picaxe or C language for 
Arduino)

Description:
Students are invited to draw mathematical symbols, for example π, letters 
(school initials - AEEN), or any figure they can imagine, and highlight with 
RGB LED strip, which will make them change color sequentially, using  elec-
tronic technology projected by them
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
The goal is to build an object and illuminate it using RGB Led strip lights, as 
the example in the image

All students have seen this type of lighting effects used in many places, in 
advertising, in decorative effects, etc ... They know that they can buy the 
controller, but it is easy to encourage students to build their own object and 
their respective controller.
It is possible to develop the connection with other disciplines such as arts, 
mathematics, science, technology, engineering and any others. In this exam-
ple, the Portuguese discipline was also integrated - students wrote phrases 
inspired by the Pi of mathematics on the material of the outer covering.

2. EXPLORE AND DISCUSS
Students choose the object, discuss the layout, the different types of materi-
als to be applied to the structure, according to the application for which it is 
intended

Each group of students can present all the data they obtained and after com-
paring and discussing all the results, they can draw concrete conclusions.
They investigate the composition of the different colors, to understand how 
from the colors Red, Green and Blue, they can obtain the seven colors 
including white.
Realize the internal structure of the led strip.
According to their engineering knowledge, students choose which technolo-
gy they will use (binary counters or microcontroller programming).

3. EXPERIMENT / EXPLAIN
- Students design the structure to which they intend to apply the luminous 
effect; 
- They choose the material necessary for their construction;
- Apply the led strip to the structure with the aid of appropriate connectors
- As they apply the led strip they use a multimeter to test the continuity be-
tween the various sections, rewiring if necessary
- Students design the 
   PCB layout
- Consume the PCB and 
   solder the components
- Try the circuit
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

5. REFLECT 
At the end of the experience, students should reflect on their initial difficulties 
and see if they have overcome them and how why or they have not been 
able to overcome them.

6. EVALUATE  
A small document should be made where students put the steps they have 
taken to complete the activity.
They can also make an oral presentation that complements their work.
They must mention the difficulties they had and how they overcame them.

Tips for Teacher:
Students should be divided into groups of 2, or 3.
There should also be a brief presentation of what is intended with this experi-
ence and the minimum concepts for students to be able to start the develop-
ment of the activity.

Interactive tools:
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Activity number: 4
Name of the  
Activity: 3D Printing

Challenges  
addressed:
(see Annex 1)

A1, A2, A5, A6, B11, C12, D14, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[x] Arts            [x] Mathematics   

  

Number of students: About 2 to 20 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: - Basic knowledge in the use of general 3D technologies.

Duration (minutes):

This project can be divided into three main parts. The project 
must be complete in 840 minutes:
- Technology  (300 minutes) – Introduction to the programming in 3D
- Arts (240 minutes) -  The design of the object that will be printing.
- Engineering, Science and Mathematics  (300  minutes) – Transfer to the 
program the object that will be print.

Materials and Re-
sources required:

Required Materials:
 - 3D printer
 - 3D printer filament
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Expected results/
Learning outcomes:

Students should get to know:

Technology:
- Basic skills to programming a object in 3D

Engineering and  Science and Mathematics:
- Characteristics and diversity of materials
- Ratio of scales and dimensions
- Concept of projection and scales

Arts 
- The design of the object that will be printing.

Description: The students are invited to design in specific software, an object that they 
chose, to be printed in 3D with the use of a 3D printer.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
The goal is to create, with specific software, an object. This one will be print-
ed with the support of a 3D printer.

The students are invited to programming an object in 3D, this can be some-
thing that they can use in future, for example, a mobile phone support, that 
is very easy to create and they can use it daily. They will be encouraged to 
create something that can be used in the future that will have some applica-
bility, for example a mobile phone support, that is very easy to create.

2. EXPLORE AND DISCUSS
Students choose the object, and start programming (design) it in software, 
according to the application for which it is intended.
During the process of drawing the object, the students must discuss about 
the possibility of printing it, they must take in consideration that the object will 
be print from the bottom-up.
During the process, the students are instigated to promote their creativity.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

3. EXPERIMENT / EXPLAIN 
- Students print the object and explain all the decisions that they had taken 
during the process.

5. REFLECT 

At the end of the experience,  
students should reflect on their  
initial difficulties and see if they  
have overcome them how or  
why they have not been able to  
overcome them.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

6. EVALUATE

A small document should be made where students put the steps they have 
taken to complete the activity.
They can also make an oral presentation that complements their work.
They must mention the difficulties they had and how they overcame them.

Tips for Teacher:

Students should be divided into groups of 2 or 3.
There should also be a brief presentation of what is intended with this experi-
ence and the minimum concepts for students to be able to start the develop-
ment of the activity.
We suggest the TinkerCAD software(https://www.tinkercad.com/ ), it’s free 
and are very easy.

Interactive tools: Specific software, like the Tinkercad.
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Activity number: 5
Name of the  
Activity: Computers recycling

Challenges  
addressed:

(see Annex 1)
A1, A2, A6, B9, B11, B13,C12, D14, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[_] Science      [_] Technology        [x] Engineering
[x] Arts            [x] Mathematics   

  

Number of students: About 2 to 20 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: - None.

Duration (minutes):

This project can be divided into three main parts:
- Selection of the object (180 minutes) 
- Creation of the object (600 minutes)
- Object Video ( 180 minutes)

Materials and 
Resources required:

Required Materials:
- Computers materials that are not working anymore like ram memory, hard 
disks, keyboards, mousses, others.
- Other components are also possible to be used in this activity, but the main 
idea, must be the computers recycling.

Expected results/
Learning outcomes:

At the end of the process, the students must have created an object that can 
be for decoration, to use daily or other, but must have some type of use.

Description:
The students are invited to create, with computer components (hardware) 
that is not working anymore, some artistic product, in this way, giving a new 
life to these materials.



Educational Tools  &  
Usability Guidelines 

- 25 -ERASMUS+ project  
2019-1-PT01-KA201-060762

Go to 
Index

A
ct

iv
ity

 n
um

be
r:

 5

Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
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3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
The main goal is to increase the student’s creativity and at the same time, 
create some artistic object with the philosophy hands on, not just the digital, 
in this project the students will create something, physic.
They will be encouraged to create something that can be used in the future 
that will have some applicability.
The students can search on the web about this thematic or they can cre-
ate something that is unique, like the example of Fernando Pessoa project 
https://youtu.be/epO5wstisSM 

2. EXPLORE AND DISCUSS
Students choose the object, and start collecting the hardware components 
that they will need to create their object. 
During the process, the students are instigated to promote their creativity.

3. EXPERIMENT / EXPLAIN
- Students  build the object. During the process, they can take in considera-
tion different approaches to construct it, for example, select and try different 
types of materials to see which ones fit better in the project.
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5. REFLECT 
At the end of the experience, students should reflect on their initial difficulties 
and see if they have overcome them and how or they have not been able to 
overcome them.

6. EVALUATE
A small video should be made where students put the steps they have taken 
to complete the activity.
They can also make an oral presentation that complements their work.
They must mention the difficulties they had and how they overcame them.

Tips for Teacher:
Students should be divided into groups of 2 or 3.
There should also be a brief presentation of what is intended with this experi-
ence and the minimum concepts for students to be able to start the develop-
ment of the activity.

Interactive tools:
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Activity number: 6
Name of the  
Activity: Spaghetti bridge contest

Challenges  
addressed:
(see Annex 1)

A1, A.6, B9, B11, C13, D14, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[x] Arts            [x] Mathematics   

  

Number of students: About 2 to 20 students 

Target Group -
Age of students:

[x] 12-14        [_] 15-18        
[_] All target groups 

Prior knowledge: - None.

Duration (minutes):
This project can be divided into three main parts:
- Construction of the bridge (30 minutes)
- Spaghetti bridge contest ( 20 minutes)

Materials and Re-
sources required:

Required Materials:
- 500g of spaghetti per group
- 1 tape per group

Expected results/
Learning outcomes:

As a result it is expected that the students reflect about the resistance of the 
materials and the way that we must combine it to be stronger.

Description:

The students are invited to create a spaghetti bridge. When all the groups 
have done their spaghetti bridge, the structure will be tested to see how 
much weight it can support. At the end of the process, the bridge will have 
to support some weight, 1Kg, 1,5Kg, 2 Kg for 10 seconds. The bridge that 
supports more weight will be the winner.
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quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
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5. REFLECT
6. EVALUATE

1. ENGAGE 
The main goal is to increase the student’s knowledge about the resistance of 
the materials. All the students will have the same time, same materials, but 
of course, they will have different results.

2. EXPLORE AND DISCUSS
The “constructors” of these bridges must discuss in theirs groups the best 
way/shape to be the winners, i.e., the bridge that can support more weight.

3. EXPERIMENT / EXPLAIN
 Students build the object. During the process, they can take in consideration 
different approaches to construct it.

Image source: https://commons.wikimedia.org/wiki/File:Spaghetti_bridge.jpg

5. REFLECT 
At the end of the experience, students should reflect on their initial difficulties 
and see if they have overcome them and how or they have not been able to 
overcome them.
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6. EVALUATE 

Image source: https://www.pinterest.pt/jp_sheehan/pasta-bridge/ 
A small video should be made where students put the steps they have taken 
to complete the activity.
They can also make an oral presentation that complements their work.
They must mention the difficulties they had and how they overcame them.

Tips for Teacher:
Students should be divided into groups of 2 or 3.
There should also be a brief presentation of what is intended with this experi-
ence and the minimum concepts for students to be able to start the develop-
ment of the activity.

Interactive tools:
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Activity number: 7
Name of the  
Activity: Water waste control – intelligent irrigation circuit

Challenges  
addressed:

(see Annex 1)
A1,A2, A5, A6, B9, B11, C12, D14, E18, E19

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[_] Arts            [_] Mathematics   

  

Number of students: About 2 to 20 students 

Target Group -
Age of students:

[_] 12-14        [x] 15-18        
[_] All target groups 

Prior knowledge: Basic knowledge of electronics

Duration (minutes): 450 minutes – This project can be divided into two main parts –  Science 
(200 minutes), technology and engineering (250 minutes) 

Materials and 
Resources required:

Required Materials:
-  Electronic components ( 1 Op AMP 741, 1 Transistor BC548A,  2 Con-

densers (100nF), 7 Resistors (560,2K2,3K3,4K7,2x10K,220K), 9 V battery, 
multimeter, 1 breadboard, 1 LED, conductor wires, 2 sections of conduc-
tive material to introduce into the earth;

- Assorted Tools
- Filming device, for example mobile phone or a camara
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 7 Expected results/
Learning outcomes:

Students should get to know:

Science:
- Realize the importance of saving water in everyday activities and possi-

ble ways of doing this
- Know your country’s situation regarding the effects of water shortages
- Realize the dramatic situations that some countries in the world are 

experiencing due to the scarcity of drinking water

Technology: 
- Realize that water is an electrical conductor
- Know the characteristics and operation of the Op AMP 741, and the 

Transistor BC548A
- Identify the tape and the technical characteristics of montage used 

(comparator) 
- Given the circuit diagram, know how to assemble it in a breadboard
- With a multimeter measure the values of the tensions in the input and 

outputs of the Op AMP in he two situation (with water and without wa-
ter)

- Compare the values obtained with the theorical values
- Test circuits, detect and correct any operating anomalies

Description:

Students are invited to understand the national and global problem of lack 
of water, to think about ways in which we can manage water expenditure 
rationally and set up an intelligent irrigation circuit - it will only be activated 
if the land is really dry. Through this circuit they will study some important 
components of electronics such as the operational amplifier.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
It is possible to motivate students to research on the topic of water scarcity 
both in relation to their country and worldwide. Think about how each person 
can play their part in saving this increasingly rare good. Students can be 
divided into groups that can make short films exemplifying some of this care.
After this study, it will be easier to feel motivated to implement and study a 
simple and inexpensive electronic circuit that can avoid wasting water in the 
irrigation of pots or small flower beds or land.

- When the soil is dry, there is no connection between the conductors intro-
duced into the soil, so the led placed on the outlet will be off, indicating that it 
is not necessary to water the land
- When the soil is moist, there is a connection between the conductors intro-
duced into the soil, so the led placed on the outlet will light, indicating that it 
is necessary to water the land

2. EXPLORE AND DISCUSS
- Students should research all the topics and share the knowledge acquired 
among them
 - Each group of students can present all the data they obtained and after 
comparing and discussing all the results, they can draw concrete conclu-
sions, choosing among the various groups which films each group will make
- Assemble the circuit components on the breadboard
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(EBL) Methodology:
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3. EXPERIMENT
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5. REFLECT
6. EVALUATE

3. EXPERIMENT / EXPLAIN
- Each group of students can demonstrate the functioning of the circuit, draw 
conclusions, explain its operation and the importance of the main compo-
nents
- Each group presents the measured values in order to compare them with 
each other

5. REFLECT
At the end of the experience, students should reflect on their initial difficulties 
and see if they have overcome them and how or they have not been able to 
overcome them.

6. EVALUATE
A small document should be made where students put the steps they have 
taken to complete the activity.
They can also make an oral presentation that complements their work and 
present their small water saving awareness films.
They must mention the difficulties they had and how they overcame them.

Tips for Teacher:
Students should be divided into groups of 2, or 3.
There should also be a brief presentation of what is intended with this experi-
ence (see Learning Outcomes) and the minimum concepts for students to be 
able to start the development of the activity.

Interactive tools:



Educational Tools  &  
Usability Guidelines 

- 34 -ERASMUS+ project  
2019-1-PT01-KA201-060762

Go to 
Index

Activity number: 8
Name of the  
Activity: Controlling an LED Light Strip

Challenges  
addressed:
(see Annex 1)

A2, A5, B9, B11, C12, E.17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[_] Science      [x] Technology        [x] Engineering
[x] Arts            [_] Mathematics   

  

Number of students: About 2 to 20 students 

Target Group -
Age of students:

[_] 12-14        [x] 15-18        
[_] All target groups 

Prior knowledge:  - Developed electronic circuits
 - Electronic Schematics

Duration (minutes): 120

Materials and Re-
sources required:

Required Materials by group:
- 1x Optocoupler 4N35
- 1x Led Strip
- 1x Transistor BD243
- 1x Resistor 1K8
- 1x Pliers  
- Wires 

Expected results/
Learning outcomes:

Students will: 
Make the necessary electronic connections 
- Acquire knowledge of the operation of an optocoupler 
- Acquire knowledge and applications of a transistor

Description: The students are invited to develop electronic circuits to provide a controlling 
led light  strip according to the beat of music.
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You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
To develop electronic circuits, is sometimes necessary to take some safety 
measures regarding the insulation of the power supply of the control circuit 
and the supply of the controlled load, especially when the voltage levels are 
very different. One of the possible measures to take, for this purpose, is the 
use of Optocouplers.

2. EXPLORE AND DISCUSS
Students should research how an optical coupler works.
They should also research what a transistor is and what is its applications.

3. EXPERIMENT / EXPLAIN
[?] Structure

The figure shows the internal configuration of an optocoupler with phototran-
sistor output (4N35)

The structure of the optocoupler consists in a gallium arsenide infrared LED 
and a silicon NPN phototransistor.
As you can see in the internal structure, there is no physical connection be-
tween the input element - infrared LED - and the NPN phototransistor output 
element. The connection is done by optical effect. When the polarization of 
the LED is a the adequate, the LED  will emit light that will polarize the  pho-
totransistor base, leading it to conduct.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

[?] Characteristics

According to the datasheet tables, related with infrared Led, must be paid 
special attention to the parameters marked in yellow, for example, do not 
exceed the inverse voltage - 6V, do not exceed the maximum conduction 
current - 50mA. The values commonly used are 10mA and 1.5V.
Regarding the output, a parameter to take into account is that the collector 
current must not exceed 50mA.

That is the reason  to activate a LED light strip, we need to put another tran-
sistor NPN (BD243C) as current amplifier at the output of the phototransistor.
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You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

STEP 2. 
Establish the connections according to the scheme provided
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(EBL) Methodology:

1. ENGAGE
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CUSS
3. EXPERIMENT
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STEP 3. Check the correct operation of the circuit
After checking the work, connect the power supply (12V DC) and the sound 
source. Choose a song and see the effect of the LIGHT STRIP LED.
NOTE: In another application, where the voltage of the input signal in the 
optical 

coupler may be higher, a protection resistor must be fitted to the infrared 
LED. To calculating the resistance, should pay special attention to the fact  
that the voltage drop in the LED , should be about 1.5V and the current flow-
ing through it,  approximately 10mA.
R = (Vin -1.5) / 10mA

5. REFLECT 
At the end of the experience, students should reflect on their initial difficulties 
and see if they have overcome them and how or they have not been able to 
overcome them.

6. EVALUATE
A small document should be made where students put the steps they have 
taken to complete the activity.
They can also make an oral presentation that complements their work.

Tips for Teacher:
Students should be divided into groups of 2, or 3.
There should also be a brief presentation of what is intended with this experi-
ence and the minimum concepts for students to be able to start the develop-
ment of the activity.

Interactive tools:
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Activity number: 9
Name of the  
Activity: Controlling Traffic Light

Challenges  
addressed:
(see Annex 1)

A2, A5, B9, B11, C12, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[_] Science      [x] Technology        [x] Engineering
[_] Arts            [_] Mathematics   

  

Number of students: About 2 to 20 students 

Target Group -
Age of students:

[_] 12-14        [x] 15-18        
[_] All target groups 

Prior knowledge:
- Logical Reasoning
- Electrical Schematics
- Automation Programming

Duration (minutes): 180

Materials and Re-
sources required:

Required Materials by group:
- 1x PLC 
-1x Usb cable
-1x Traffic Light
-Assorted Tools such as:
   - 1x Screwdriver 
   - 1x Pliers 

Expected results/
Learning outcomes:

Students will: 
-Make the necessary electrical connections for the traffic light work
-They must be able to create a program in Function Block Diagram (FBD) 
language according the intended operation
-Test the operation of the program and correct any errors.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
Students have to be introduced to the PLC programing and electrical con-
nections.
Let them reflect about these questions:
What is a PLC?  How does a traffic light work? What are the advantages of 
an automated system?

2. EXPLORE AND DISCUSS
Students should research how a traffic light works.
They should also research what a PLC is and what its applications in ower lif

3. EXPERIMENT / EXPLAIN
STEP 1. 
Understand the Inputs and Outputs of the PLC (Mitsubishi) AL2-24MR-D
The following image shows the PLC to be used to control the traffic light 
system. You can identify the inputs and outputs.
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STEP 2. 
Make the PLC connections to the traffic light 
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STEP 3. 
Program the PLC in Function Block Diagram (FBD) and testing function 
This work intends to carry out the programming of a traffic light of vehicles 
and pedestrians, using a PLC. To do this, we will describe some important 
aspects about the software and hardware to be used for the development of 
the work.

CREATE A NEW PROJECT: 
Open program “Alpha Programming”. Next Menu File > New

Then, select the options in image and click OK.
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Next, maximize the FBD window and widen the edit program area.

Then, insert a Push Button on Input area and Lamp on Output area, like 
image below.
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In the next step, you will download the program to the PLC. For this, it is 
necessary to put the PLC in Stop Mode, and then Write the program.

In the next window select the Download and Monitoring option, to see in real 
time what´s happening in controller. 

Now that the first program has been successfully completed, we will acquire 
knowledge at the programming level, never forgetting that the ultimate goal 
is to develop a programming for control of a traffic light for vehicles and 
pedestrians.
Then, insert a Push Button on Input area and Lamp on Output area, like 
image below.

LOGIC FUNCTIONS: 
The present programming language uses logic functions that define the 
operation of the outputs of the PLC. There are AND, OR, XOR, NOT, NAND 
and NOR functions. 
Perform the following programs to test the AND and OR functions using 2 
pushbuttons.
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FUNCTION SET/RESET: The set / reset function is used when it is 
necessary to store a state for later use, for example with a push-button. The 
following example uses a pushbutton to activate an output. This output will 
remain active even without the button being pressed, until the reset order is 
given by the respective button.

FUNCTION TIMER: The timers are intended to activate an output after 
some time after input activation, or to disable the output sometime after the 
input is deactivated. These timers have the Delay function and are configur-
able as shown in the following 2 examples.
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FUNCTION TIMER WITH SET/RESET: For the proper functioning of 
the timer the input signal must be active. If a push-button is used, it is neces-
sary to maintain the logic value as 1 for the whole time, otherwise the timer 
will restart. Therefore, is important to use the Set / Reset function associated 
with the timer, for not being necessary to press the button for the entire time. 
The following 3 examples show this operation.
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EXAMPLE TO CONTROL A VEHICLES TRAFFIC LIGHT 
WITH A TIMER: The following program allows to command the signal of 
vehicles traffic light with a timer. The system starts with the order of a switch, 
which switches for green. After 5 seconds, switch to yellow, turning off the 
green. After 5 seconds, it switches to red, turning off the yellow. The system 
remains in this state for 10 seconds. At the end of this time, it returns to the 
initial state (green light on).

OPERATION DESCRIPTION OF THE TRAFFIC LIGHT TO 
BE CONTROLLED As previously mentioned, it is intended to control a 
traffic light for pedestrian and vehicles with a push button for pedestrian. The 
system has 3 lamps for vehicles, 2 lamps for pedestrians, a call button for 
pedestrians and a button to start the system. These inputs and outputs are 
shown in the following addresses table:
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It is intended that the operation must be as the following 
steps: 

• The traffic light starts when there is “Start”. When the “Start” button is 
pressed, “H3V” and “H4P” are switched on. This is the initial condition; 
• When the button is pressed “B1”, “H3V” will turn off after 5 seconds and 
“H2V” will turn on (“H4P” will remain on); 
• After 3 seconds, “H2V” lights up and turns on “H1V” (“H4P” stays ON); 
• After 3 seconds, “H4P” will turn off and on “H5P” (“H1V” will remain ON). 
This state is maintained for 15 seconds; 
• After 15 seconds, “H5P” will turn off and on “H4P” (“H1V” will remain ON). 
• After 3 seconds, “H1V” will turn off and “H3V” (“H4P” will remain ON). The 
system returns to the initial state. 

When the button “B1” is pressed again for a pedestrian, the whole cycle 
should repeat itself again.

5. REFLECT 
At the end of the experience, students should reflect on their initial difficulties 
and see if they have overcome them and how or they have not been able to 
overcome them.

6. EVALUATE
A small document should be made where students put the steps they have 
taken to complete the activity.
They can also make an oral presentation that complements their work.
They must mention the difficulties they had and how they overcame them.

Tips for Teacher:
Students should be divided into groups of 2, or 3.
There should also be a brief presentation of what is intended with this experi-
ence and the minimum concepts for students to be able to start the develop-
ment of the activity.

Interactive tools:
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Activity number: 10
Name of the  
Activity: Electric Motor Direction Motor 

Challenges  
addressed:
(see Annex 1)

A2, A5, B9, B11, C12, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[_] Science      [x] Technology        [x] Engineering
[_] Arts            [_] Mathematics   
  

Number of students: About 2 to 20 students 

Target Group -
Age of students:

[_] 12-14        [x] 15-18        
[_] All target groups 

Prior knowledge:
- Logical Reasoning
- Electrical Schematics
- Automation Programming

Duration (minutes): 180

Materials and Re-
sources required:

Required Materials by group:
- 1x H-Bridge L293
- 1xPicaxe Microcontroller
- 1x LDR
- 2x Resistor 220R
- 1x Green Led 
- 1x Red Led 
- Picaxe Software 
- Assorted Tools such as:
   - 1x Pliers
   - 1X Cutting Pliers
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Expected results/
Learning outcomes:

Students will: 

- Make the necessary electronic connections 
- Acquire knowledge of the operation of an H-Bridge and LDR 
- Acquire knowledge and applications of a microcontrollers

Description:
Control the rotational direction of a dc motor using a picaxe (28 x1) and a 
bridge h. 
The direction of rotation will depend on the incidence or absence of light on 
a sensor (ldr)
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
Students have to be introduced to the Microcontroller programing and electri-
cal connections.

Let them reflect about these questions:
What is a Microcontroller?  How does a LDR work? What are the advantages 
of an automatic system?

2. EXPLORE AND DISCUSS
Students should research how a motor direction control works.

3. EXPERIMENT / EXPLAIN
STEP 1. 
Understand the operation of an H-bridge – motor driver (e.g. L293)
L293D: An H-Bridge

An H-Bridge is nothing but an electronic circuit. Using such a circuit, we can 
supply current in two directions. The L293D is a H-Bridge with two possible 
outputs. Meaning, we can connect two things to it (e.g. two DC motors) and 
you can control the direction of current flow in both.
Imagine that you have a DC motor, as in the diagram below:
If we close both S1 and S2, or S3 and S4, in technical terms, we will have a 
shoot through. So we won’t consider shoot throughs.
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(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
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6. EVALUATE

But, if we close switches S1 and S4, current flows through the motor from left 
to right, and If we close S3 and S2, current flows from right to left. In these 
two conditions, the direction of rotation is different.
This is exactly what is needed in most robotics projects using differential 
drive wheels. 

But having physical switches would be very inconvenient. So, it was created 
an electronically controlled switch: a transistor – CI L293D.

What is the meaning of the D?
If the chip has a D in the reference, that indicates the presence of a diode for 
each OUTPUTx pin.
Whenever the direction of current changes, the device connected across the 
OUTPUT pins will resist the change. And this results in a back current. The 
diodes make sure that no back-current damages the circuit inside the chip or 
before the chip.
L293D: An H-Bridge - PINS AND FUNCTION TABLE

So, if we use the digital outputs of a microcontroller to control the inputs of 
the chip L293D, we can CONTROL THE ROTATIONAL DIRECTION OF A 
DC MOTOR.

STEP 2.  
Understand the operation of the analogue inputs in a microcontroller

The microcontroller uses information from the input transducers to make de-
cisions about how to control the output devices. These decisions are made 
by the control program, which is downloaded into the microcontroller.
The output transducers are electronic devices that can be switched on and 
off by the process block of the electronic system. Some of the output trans-
ducers of the electronic are motors, speakers to produce sounds, infrared 
LEDs (light-emitting diode) to send signals …
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The microcontroller uses information from the input transducers to make de-
cisions about how to control the output devices. These decisions are made 
by the control program, which is downloaded into the
We want to control the direction of rotation of a DC motor according to the 
light intensity received in a light sensor – LDR. For this, we will use a micro-
controller from the PICAXE system. The PICAXE system exploits the unique 
characteristics of the new generation of low-cost ‘FLASH’ memory. These 
microcontrollers can be programmed a lot of times (typically 100 000 times) 
without the need for an expensive programmer. The PICAXE uses a simple 
BASIC language (or graphical flowcharts).
An analogue sensor measures a continuous signal such as light, temper-
ature or position. The analogue sensor provides a varying voltage signal. 
This voltage signal can be represented by a number in the range 0 and 255 
(e.g. dark = 0, light = 255). Common examples of analogue sensors are LDR 
(Light Dependent Resistor), Thermistor or a Variable Resistor (potentiome-
ter). In our situation we will use an LDR. 

The LDR is an example of an analogue sensor. It must be connected to 
the PICAXE ADC input. Note that not all inputs have ADC capabilities. The 
value of an analogue input can be easily copied into a variable by use of the 
‘readadc’ command. The variable can take a value between 0 and 255. 

STEP 3.  
Make Connections
We will use an experimental board with Picaxe 28X1. In this board already 
exists the necessary power source, the jack to make connection with the 
computer and terminals with access to LDR, LEDs and easy access to 
microcontroller inputs and outputs. You only need to choose the inputs and 
outputs of the 28X1 you want to use.
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You can make the connections represented in this scheme by following the 
steps below.

• Connect the LDR to an analogue input of the PICAXE 28X1and connect 
one output to the red LED, and another to the green LED.

Note that not all inputs have internal ADC functionality - check the 
pinout diagrams for the PICAXE chip you are using
(e.g. you can make connections according to the scheme provided 
(Connections drawn to dark bolt), or choose another analogue input 
and other outputs)

• Connect the source power to the H-bridge (C.I. L293D) 
- Connections drawn to red end blue bolt

• Connect the microcontroller outputs to the H-bridge 
- Connections drawn to green bolt

• Connect the H Bridge to the motor 
- Connections drawn to yellow bolt

STEP 4. Power up the experimental card and connect the communication 
cable to the computer (USB port)
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STEP 5. 
Program the microcontroller

Follow these steps:
 • Execute the software - Picaxe Programming Editor
 • Automatically will appear 

 • Press Options, and at Mode select the PICAXE 28X1
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 • Press Serial Port and select the available, and press OK

 • Now you can start a program, and try this one:

symbol red=0    ; give the name “red” to the 
output “0” (pin 21)
symbol green=1    ; give the name “green” to the 
output “1” (pin 22)
start:     ; initial label

high red    ; lights up red led
low green    ; turn off green led
pause 500   ; 500ms pause
low red    ; turn off red led
high green   ; lights up green led
pause 500   ; 500ms pause

goto start    ; turn to the initial

 • Press Syntax in the principal menu to know if exist some problem whit 
the instructions.

 • if there is no problem, press Program and you will see the data down-
load.

 • At the end, the program will be immediately executed and LEDs will 
blink alternately.

At this moment you already know the advantage of using “symbol”, labels 
and how to switch a digital output on or off.
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STEP 6.
Final Program

The following program switches on one LED if the value is greater than 150 
and a different LED if the value is less than 80. If the value is between 80 
and 150 both LEDS are switched off. For each situation the motor should 
rotate in opposite directions. In the intermediate situation, such as the LEDs, 
it will be stopped.

NOTE:
You must read the analogue input value for a General Purpose Register
 (e.g. b0, b1….), using the readadc command
Syntax:  
READADC channel, variable
- channel is a variable/constant specifying the ADC pin
- Variable receives the data byte read.
Function: Read the ADC channel (8 bit resolution) contents into variable.

DEBUG (You must use this command to find the reference values to be read 
by the analogue input with light and without light on the LDR)
Function: Display variable information in the debug window when the debug 
command is processed. Byte information is shown in decimal, binary, hex 
and ASCII notation.
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5. REFLECT 
At the end of the experience, students should reflect on their initial difficulties 
and see if they have overcome them and how or they have not been able to 
overcome them.

6. EVALUATE 
A small document should be made where students put the steps they have 
taken to complete the activity.
They can also make an oral presentation that complements their work.
They must mention the difficulties they had and how they overcame them.

Tips for Teacher:
Students should be divided into groups of 2, or 3.
There should also be a brief presentation of what is intended with this experi-
ence and the minimum concepts for students to be able to start the develop-
ment of the activity.

Interactive tools:
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Activity number: 11
Name of the  
Activity: Connect Ethernet plugs

Challenges  
addressed:
(see Annex 1)

A2, A5, B9, B11, C12, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[_] Science      [x] Technology        [x] Engineering
[_] Arts            [_] Mathematics   

  

Number of students: About 2 to 20 students 

Target Group -
Age of students:

[_] 12-14        [x] 15-18        
[_] All target groups 

Prior knowledge:
- Network
- Ethernet Cable
- Network Switch

Duration (minutes): 120

Materials and Re-
sources required:

Required Materials by group:
- 4x RJ45 Connector  
- Ethernet Cable
- 1x Network Switch  
- Assorted Tools
   - Cutting Plier
   - Plier
   - Screwdriver 
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Expected results/
Learning outcomes:

Students will: 

- Make Ethernet cable connections
- Install RJ45 connectors   
- Identify the necessary tool to make the activity 

Description: The students are invited to make connections between 4 Ethernet plugs with 
a network switch.
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1. ENGAGE 
This activity will focus on the installation of a simple internet network with 4 
Electric plugs with wires UTP (RJ45). Before installation, you should learn 
the materials we need for this project.
Then, draw the circuits and pipe scheme.
Then, install the materials.
After installing the circuit, try if all the wires are connected properly.

2. EXPLORE AND DISCUSS
Students should research how a network wire scheme.
They should also research what a necessary tools to do that.

3. EXPERIMENT / EXPLAIN
Step 1. Draw the Electric Scheme
Draw the electric scheme of a small  
internet network connection.

Circuit Diagram:
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Wire Installation:

You can follow wire installation, colors of wires and the order of the wires.

Step 2. Mount The Materials To the Board
Choose the correct positions for each material.
a. Mount the canal for the cables
b. Mount the Ethernet sockets
c. Mount the switch
d. Mount the cables in the canals

Step 3. Install the Wires
a. Remove the isolation of the end of each wire

b. At one end of the wire install a RJ45 plug. Be careful to 
put the colors in the right order.
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c. Connect the other end of the wire to the Ethernet socket. 
Be careful to put them in the same order as you put them at 
the other end.

d. Put the wires in the wire canal.

Step 4. Test the Circuit
When we finished making the circuit, test it. Use the cable tester. 
If all the lights on the tester are flicking, that means that all the cables are 
connected properly.
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5. REFLECT 
At the end of the experience, students should reflect on their initial difficulties 
and see if they have overcome them and how or they have not been able to 
overcome them.

6. EVALUATE 
A small document should be made where students put the steps they have 
taken to complete the activity.
They can also make an oral presentation that complements their work.
They must mention the difficulties they had and how they overcame them.

Tips for Teacher:
Students should be divided into groups of 2, or 3.
There should also be a brief presentation of what is intended with this experi-
ence and the minimum concepts for students to be able to start the develop-
ment of the activity.

Interactive tools:
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Activity number: 12
Name of the  
Activity: Optical Fiber Fusion

Challenges  
addressed:
(see Annex 1)

A2, A5, B9, B11, C12, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[_] Science      [x] Technology        [x] Engineering
[_] Arts            [_] Mathematics   

  

Number of students: About 2 to 20 students 

Target Group -
Age of students:

[_] 12-14        [x] 15-18        
[_] All target groups 

Prior knowledge: - Optical Fibre

Duration (minutes): 60

Materials and Re-
sources required:

Required Materials by group:
- 1x Optical Fiber Machine 
- Optical Fiber
- Assorted Tools such as:
   - 1x Cutting Fiber Machine
   - 1x Cutting Pliers
   - Alcohol
   - 1x Optical Fiber Tester

Expected results/
Learning outcomes:

Students will: 
- Make the optical fiber fusion 
- Identify the necessary tool to make the activity

Description: The students are invited to make an optical fiber fusion and contact with 
many materials to make it.
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1. ENGAGE 
The fiber optic transmits the information as light pulses along a glass or plas-
tic fiber or strand. A cable of fiber optic can have more than a hundred fibers. 
The fiber optic came in substitution of the copper in our houses because the 
fiber optic is faster and cheaper than the copper.

2. EXPLORE AND DISCUSS
Students should research how a optical fiber fusion works.
They should also research what a necessary tools to do that.

3. EXPERIMENT / EXPLAIN
Step 1. 
Cutting and striping the fiber optic
For the first step you need to cut the pigtail in the middle and then remove 
the exterior cover of the cable and the cover of the fiber optic

Step 2.
Cleaning and precision cutting
After getting the fiber out, you need to give it a good clean so we can do the 
precision cutting. After this, repeat steps 1 and 2 with the other half of the 
pigtail.
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Step 3. Welding
Now you can weld the two fibers to each other using the fiber splicer. Put the 
fibers in the machine aligned. Not all the fiber splicers can make an automat-
ic aligning of the fibers, but this one can. After that, just press the button and 
the device does the welding.

Step 4. Protection with heat-shrink
Once the welding is done, you need to protect the fiber from breaking and 
getting dirty with the heat-shrink. Put the fiber optic inside the heat-shrink 
and then put it in the heater of the machine.

Step 5. Testing
After welding and protecting the fiber optic, test it with the optical power me-
ter. The test of the fiber optic cables allows identifying points of light losses.
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5. REFLECT 
At the end of the experience, students should reflect on their initial difficulties 
and see if they have overcome them and how or they have not been able to 
overcome them.

6. EVALUATE: 
A small document should be made where students put the steps they have 
taken to complete the activity.
They can also make an oral presentation that complements their work.
They must mention the difficulties they had and how they overcame them.

Tips for Teacher:
Students should be divided into groups of 2, or 3.
There should also be a brief presentation of what is intended with this experi-
ence and the minimum concepts for students to be able to start the develop-
ment of the activity.

Interactive tools:
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Activity number: 13
Name of the  
Activity: Ladybugs for  help teaching at elementary school

Challenges  
addressed:
(see Annex 1)

A1, A4, A5, B9, B11, C2, C13, D16, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[x] Arts            [x] Mathematics   

  

Number of students: About 2 to 20 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: - Coding in Arduino

Duration (minutes):

This project lasts 5000 minutes and will have three parts:
• Making the shell (500 minutes) 
• Coding (3000 minutes)
• Test and verification ( 1500minutes)

Materials and Re-
sources required:

Required Materials:
- Kit Arduino, plexiglass, sensors , rubber carpet

Expected results/
Learning outcomes:

At the end of the process, the students increase their knowledge in coding, 
and create an object that helps to teach science to younger kids, with the 
aim of sensitize younger kids for technical areas.
It’s essential that the students can write a program to help the lady bug in 
one specific direction.

Description: The students are invited to coding and build an object that helps younger 
kids.
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1. ENGAGE 

The main goal is to increase the student’s creativity and, at the same time, 
to learn to program. This can be the first time that some students have the 
contact with coding.
The students can search on the web about this thematic or they can create 
something that is unique.

2. EXPLORE AND DISCUSS
Students choose the layout, and collect components, and at the same time 
they have to try the best way of coding to get the final result.
During the process, the students are encouraged to promote their creativity 
and critical thinking.

3. EXPERIMENT / EXPLAIN 
1. Students  build and code . During the process, they can take in consid-
eration different approaches to constructor coding it,  for example, select and 
try different types of materials to see which ones fit better in the project.

5. REFLECT 
At the end of the experience, students should reflect on their initial difficulties 
and see if they have overcome them and how or they have not been able to 
overcome them.

6. EVALUATE
A small video should be made where students put the steps they have taken 
to complete the activity.
They can also make an oral presentation that complements their work.
They must mention the difficulties they had and how they overcame them.
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3 Tips for Teacher:

Students should be divided into groups of 2 or 3.
There should also be a brief presentation of what is intended with this experi-
ence and the minimum concepts for students to be able to start the develop-
ment of the activity.

Interactive tools: Thinkercad/ fritzing/arduino platform
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Tips for Teacher:
Students should be divided into groups of 2 or 3.
There should also be a brief presentation of what is intended with this experience 
and the minimum concepts for students to be able to start the development of the 
activity.

Interactive tools: Thinkercad/ fritzing/arduino platform

Activity number: 14
Name of the  
Activity: Computers Repairing

Challenges  
addressed:
(see Annex 1)

A1, A4, A6, B7, B11, C13, D15, E18, E19

Subjects:
Please propose min 1 
tool per subject

[_] Science      [x] Technology        [x] Engineering
[_] Arts            [_] Mathematics   

  

Number of students: About 2 to 20 students 

Target Group -
Age of students:

[_] 12-14        [x] 15-18        
[_] All target groups 

Prior knowledge: - Basic knowledge in computers hardware.

Duration (minutes):

This project can be divided into two main parts. The project 
must be complete in 240 minutes.
• 120 minutes are the time the students have to detect the hardware problem 
of that system
• In the next 120 minutes, after the problem be detected, it’s time to repair 
that equipment.

Materials and Re-
sources required:

Required Materials:
- Computers and hardware devices to replace, if necessary;
- The students will be divide in groups of 2 or 3 memebers.

Expected results/
Learning outcomes:

Students should get to know:
Technology 
- Basic skills in hardware

Engineering 
- Characteristics and diversity of materials
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1. ENGAGE 
The main goal is getting the expertise to the students to detect and repairs 
a problem in a computer. That can be a real problem or a problem that the 
teacher create to see how the students will solved it.
In the first part of the problem, the students must find what is the problem of 
that system, if is memory, motherboard, some device, among others.
In the second part of the project, must repair it, the system must work after 
the intervention of these group of students.

2. EXPLORE AND DISCUSS
During this part of the project, the students must explore and discuss 
with they colleagues what they think is the problem of that computers  
system and what is the solution they recommend.

3. EXPERIMENT / EXPLAIN
Let the different groups of students present the solutions for that problem,  
and see the explanations of them to solving the problem.

Description: During this activity the students will repair computers, they will start with the 
possibilities for that problem and after that, they will try to solve it.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

5. REFLECT 

At the end of the experience, students should reflect on their initial difficulties 
and see if they have overcome them and how or they have not been able to 
overcome them.

6. EVALUATE 
The students must create a report with the steps that they have  taken to 
complete the activity.
They can also make an oral presentation that complements their work.
They must mention the difficulties they had and how they overcame them.

Tips for Teacher:
Students should be divided into groups of 2 or 3.
There should also be a brief presentation of what is intended with this experi-
ence and the minimum concepts for students to be able to start the develop-
ment of the activity.

Interactive tools:
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Activity number: 15 
Name of the  
Activity: Why do We Need Mathematics in Real-life?

Challenges  
addressed:
(see Annex 1)

A1, C12, B11, F1, F2

Subjects:
Please propose min 1 
tool per subject

[_] Science      [x] Technology        [_] Engineering
[x] Arts            [x] Mathematics   

  

Number of students: 20 students 

Target Group -
Age of students:

[_] 12-14        [x] 15-18        
[_] All target groups 

Prior knowledge: - Basic knowledge of Pythagoras Theorem; basic knowledge of video record-
ing and editing.

Duration (minutes):
120 minutes:

• Part 1 – The prep phase: discovery, learning, connecting ideas
• Part 2 –Discussion, review and application 

Materials and Re-
sources required: YouTube videos, , , writing tools.

Expected results/
Learning outcomes:

To understand the relevance of mathematics to real-life situations. The stu-
dents are to appreciate that even an abstract algebraic concept such as the 
Pythagoras Theorem has its own application in real life.

Description:

Students will look into Mathematics, particularly the Pythagoras Theorem 
and see how this is used in real-life situations such as sports and mathemat-
ics on the job. Students will work in Teams and determine other examples 
of mathematics in the real – world, and create an advertisement to help the  
general public appreciate  the importance of mathematics.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE
Enhance the discussion by EXPLAINING the use of Pythagoras theorem in 
the outside world - Why did Pythagoras ‘invent’ this mathematical solution? 
Elicit: Did he need to build something? Were size and stability an issue? Was 
he keen on discovering why things don’t fall over? 

2. EXPLORE & DISCUSS
Students DISCUSS giving examples when they have used mathematics 
related to the Pythagoras Theorem in the last month (outside the classroom).
One can introduce the notion of ‘having a useful idea’ ‘coming up with some-
thing innovative (this will be later linked with the students being innovative 
themselves with their videos).

3. EXPERIMENT
Students are grouped in groups of 3 – 5. They watch the videos in relation 
to the Pythagoras Theorem in real-life. Video captions will be turned on to 
facilitate access to any hearing-impaired students 

4. EXPLAIN
Students are given 5 minutes to REFLECT on the videos and DISCUSS any 
queries and suggestions. It is important to connect vocabulary to the applica-
tion of the theorem.

5. REFLECT
Design and Advertising
Briefly discuss advertising with students.  What are their favourite/least 
favourite commercials? What makes a commercial good or bad? Each team 
is to create a 2-minute commercial advertisement illustrating why the world 
needs mathematics. The commercial will include a slogan and also infor-
mation on the use of mathematics in general or a particular mathematical 
concept in real-life. 

6. EVALUATE
Completed commercials will be presented to the class
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Tips for Teacher:

Ideally the teacher sets the groups as to eliminate any form of bullying 
amongst peers.

Commercials in Step 5 which are important to the discussion will be looked 
up online and viewed with captions for hearing- impaired students. This will 
also ensure that all students are aware of the commercial in discussion.

If there are any hearing-impaired participants, videos should include subtitles 
corresponding to speech, and descriptions of other audio. Since YouTube 
will be used as a resource, subtitles could also be generated through the 
platform’s dedicated YouTube Studio. Teams with students with emotional 
difficulties (e.g. anxiety) or other difficulties which may cause significant dis-
comfort when speaking/acting in front of a camera (e.g. stuttering) should be 
guided to distribute the workload according to the strengths of everyone.

Interactive tools: Make the activity video, videos online
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Activity number: 16 
Name of the  
Activity: Transportation Design

Challenges  
addressed:
(see Annex 1)

A3, C1, B4, F1, F2

Subjects:
Please propose min 1 
tool per subject

[_] Science      [_] Technology        [_] Engineering
[x] Arts            [x] Mathematics   

  

Number of students: 20 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: - Basic computer design knowledge, some mathematical knowledge.

Duration (minutes): 10 minutes:

Materials and Re-
sources required:

YouTube videos, A3 paper, coloured pencils and markers, CAD software.

Expected results/
Learning outcomes:

To understand the relevance of mathematics to real-life situations. The stu-
dents are to appreciate that even in design, mathematics is being used.

Description:
Students examine the manner in which technology is changing our lifestyle.  
What are the positives and negatives of technology advances?  How is tech-
nology impacting the lifestyle of people around us?
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Step 1.
Discuss with students the advances of 21st century design technology and 
how this has informed the way transportation has improved whilst also show-
ing the videos to help the discussion. * Give students time to research on 
different means of design technology being used.

Step 2.
Divide students into teams of 4. Give each team 2 sheets of plain white 
paper and a pencil. **

Step 3.
Give students some time to sketch a design of their ideal form of transporta-
tion and write a short statement describing it and any mathematical ration-
ale (e.g. shape of vehicle sides, angles, luggage volume) explaining their 
reasoning. *

Step 4.
Each group passes their sheet of paper to another group.

Step 5.
Each group examines the sketch, reads the statement, adds it’s own ideas 
to the sketch for improvement, and provides a one sentence rationale for the 
changes. 

Step 6. 
At the end of the 5 minutes each sheet of paper is passed on and the pro-
cess is repeated until the sketch is returned to the original design group.

Step 7. 
The original designer group should examine the recommended changes and 
determine if any will be incorporated into the final product.

Step 8. 
Using the second sheet of paper they will complete their final design and 
written description. Coloured pencils may be used to enhance the design.

Step 9. 
Using Computer Aided Design the students will then build their design.
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Tips for Teacher:

Ideally the teacher sets the groups as to eliminate any form of bullying 
amongst peers. 

Provide all the necessary resources and plan for some extra.

Consider placing students with autism in smaller groups and a quieter area 
as they might perform better when less social interaction is required and may 
also experience a sensory overload.

If there are any hearing-impaired participants, videos should include subtitles 
corresponding to speech, and descriptions of other audio.

Familiarise oneself with (at least) the basic tools of the CAD software used.
There should be at least one student in each group who is familiar with the 
use of the CAD software adopted.

Interactive tools: Projector, PowerPoint presentation, CAD software.
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Activity number: 17
Name of the  
Activity: Sustainability Through the Environment

Challenges  
addressed:
(see Annex 1)

A1, A5, B7, B9, B11, C13, D14, E18

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[x] Arts            [x] Mathematics   

  

Number of students: 20 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: Basic editing computer software knowledge, some basic statistics concepts.

Duration (minutes): 180 minutes (excluding the fieldwork trips)

Materials and Re-
sources required: A4 pack given to students with endemic and alien flora and fauna.

Expected results/
Learning outcomes:

To understand the relevance of mathematics, science and technology to 
real-life situations. The fieldwork will aid the students to integrate STEAM 
subjects in a single sustainability activity.

Description:
Students are taken on a fieldwork trip ideally, in a natural environment. 
During this trekking trip, they will be shown different flora and fauna, note 
any human activity which impacts the environment and jot down notes while 
experiencing contact with nature.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Step 1.
The students are handed the resource pack and split into a number of 
groups preferably, 4 or 5 students in order to ensure teamwork.  The purpose 
of the fieldtrip is EXPLAINED thoroughly again.

Step 2.
While walking, the students are given detailed information on the different 
flora and fauna around them. Through EXPLORATION they will identify the 
alien and endemic species present in the environment (Science criteria).

Step 3.
Students are urged to take photos/videos of the any flora or fauna that 
sparks any interest in them. At home they are encouraged to edit that photo/
video and demonstrate their artistic skills in editing.

Step 4.
The students are taken to a spot where negative human impact is noted (e.g. 
trash left in the surroundings). They have to EXPLORE and note the different 
waste on the spot (e.g. glass, plastic, metal, organic waste). Students have 
to represent this in a statistical format.

Step 5.
The students should come up with an artistic poster to promote waste sepa-
ration and design effective bins to gather waste in them. They can also pro-
duce a video** advertising the need for specific bins and include educational 
messages in order to educate the population on safeguarding such natural 
environments.
**Students can produce a sketch/play as an alternative to video to generate 
a debate on applied knowledge and engage the audience. 

Step 6. 
After the end of this fieldwork, the students are encouraged to write a short 
summary REFLECTING on their experience. *this can be overseen in the 
writing of the play/sketch itself. 
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Tips for Teacher:

Ideally the teacher sets the groups as to eliminate any form of bullying amongst 
peers. 

Provide the resource pack and plan for some extra.

Plan beforehand in order to prepare students for the fieldtrip.

If there are any hearing-impaired participants, videos should include subtitles 
corresponding to speech, and descriptions of other audio.

Interactive tools: Editing software for photos or videos
One video on Maltese habitats
One video on ecosystem services
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Activity number: 18
Name of the  
Activity:

Understanding States of Matter through Food (and cooking/
applying heat)

Challenges  
addressed:
(see Annex 1)

A1, B7, B9, B11, C13, D14, E18

Subjects:
Please propose min 1 
tool per subject

[x] Science      [_] Technology        [_] Engineering
[x] Arts            [x] Mathematics   

  

Number of students: 20 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: Basic properties of matter, including the three states of matter.

Duration (minutes): 180 minutes

Materials and Re-
sources required: A4 pack given to students with endemic and alien flora and fauna.

Expected results/
Learning outcomes:

To appreciate the different states of matter in relation to edible items. The 
activity will aid the students to combine STEAM subjects through the cooking 
process.

Description:
Students are taken in a well-equipped kitchen where they will familiarise 
themselves with different types of food. The aim is to see the state of matter 
on any food change through heat while following a recipe. 
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Step 1.
The students are exposed to different edible foods: pasta, water (still/spar-
kling), a variety of vegetables, and condiments (e.g. salt). 

Step 2.
The students are shown through various experiments how food can change 
its state of matter through heat energy. 

Step 3.
The students can be organised into groups to cook a different recipe with 
various foods. 

Step 4.
At the end of the lesson, the students can eat the food items they prepared.  

Tips for Teacher:

Ideally the teacher sets the groups as to eliminate any forms of bullying 
amongst peers.

If there are any hearing-impaired participants, videos should include subtitles 
corresponding to speech, and descriptions of other audio.

Interactive tools: Online videos on cooking techniques 
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Activity number: 19
Name of the  
Activity: Sports Activity

Challenges  
addressed:
(see Annex 1)

A5, A6, B11, C13, D14

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [_] Engineering
[_] Arts            [x] Mathematics   

  

Number of students: 20 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: Structure of the human body, basic mathematical calculations.

Duration (minutes): 180 minutes (excluding the fieldwork trips)

Materials and Re-
sources required:

Cones, markers, football pitch and a measuring wheel.

Expected results/
Learning outcomes:

To integrate concepts from STEAM subjects (including mathematics, health 
and social care, and engineering) through a sports activity.

Description:

Prior to the sports activity, the students are given detailed lessons on the 
human body. They are to understand how the body functions before, during 
and after a race, as well as the kind of food and preparation required for 
such activities (Sports lecturers). This lesson can be delivered by a nutrition-
ist and a physiotherapist (co-teaching).
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Step 1.
The students are split into groups of four in order to help each other carry 
out the task. They are to measure the length and breadth of the football pitch 
and record it accordingly.

Step 2.
All students are to sprint the width of the football pitch in turns. Each run is 
timed and calculations for the speed and calories burned are carried out. 
This should be repeated for at least three times per student.

Step 3.
Immediately after each run, a team of health and social care students are to 
take a blood pressure and a heart rate reading for every student. This can 
be related to the mechanics of the body. There is a lot of mathematics and 
enginneering in how the body is structured to move/run/breath, as well as 
forces, pressure, balance, and coordination. (Bipedalism is an extraordinary 
thing in nature - only humans have evolved to be bipedal; it is an extraordi-
nary evolutionary process). Actually, this could be a lesson about how things 
are stable on two legs, and therefore, about the natural evolution of mathe-
matical calculations and engineering that has made it possible for humans to 
straighten up and walk.

Step 4.
The students are to estimate how many calories a football player burns dur-
ing one half of a 45-minute game (nutritionist).

Step 5.
The students in each group should DISCUSS the turf type used and how it 
affects the performance of an athlete. They are to determine the best turf 
type for different sports, and to DISCUSS a food and workout plan. 

Step 6. 
The following week, the groups should present their work to the others and 
explain their findings through a PowerPoint presentation, or a video created 
and edited by themselves.



Educational Tools  &  
Usability Guidelines 

- 86 -ERASMUS+ project  
2019-1-PT01-KA201-060762

Go to 
Index

A
ct

iv
ity

 n
um

be
r:

 1
9

Tips for Teacher:

Ideally, the teacher sets the groups as to eliminate any forms of bullying amongst 
peers.
Plan beforehand in order to prepare students for the sports activity and on how to 
measure and record data effectively.

Teams with students with emotional difficulties (e.g. anxiety) or other difficulties 
which may cause significant discomfort when delivering a presentation (e.g. 
stuttering) should be guided to distribute the workload according to the strengths 
of everyone. 
If there are any hearing-impaired participants, videos should include subtitles 
corresponding to speech, and descriptions of other audio.

Interactive tools: Online videos on turfs, lighting of a stadium and sports in general
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Activity number: 20
Name of the  
Activity: Opening a New Restaurant

Challenges  
addressed:
(see Annex 1)

A2, B11, C13, D14, E18

Subjects:
Please propose min 1 
tool per subject

[_] Science      [x] Technology        [x] Engineering
[x] Arts            [x] Mathematics   

  

Number of students: 20 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: Knowledge of percentages, knowledge of areas, basic design of plans.

Duration (minutes): 180 minutes (excluding the fieldwork trips)

Materials and Re-
sources required: Graphical communication board, computer/laptop and internet connection

Expected results/
Learning outcomes:

To foster an appreciation of the steps and planning involved in opting for a 
business venture, and to gain the required knowledge in relation to opening 
a new restaurant. 

Description:
The students are to develop an idea of what it consists to start a new res-
taurant. Each step should be recorded and planned accordingly in order to 
come up with the best solution possible. Ideally, a local entrepreneur would 
be invited to join in the lesson and give feedback.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Step 1.
The students are split into groups of five in order to help each other carry out 
the task. Ideally, each group should have participants coming arts, engi-
neering, IT and business courses, as well as having followed a course in, or 
having been exposed to entrepreneurship.

Step 2.
Each group is to design a business strategy in order to start a new restau-
rant.

Step 3.
Students should consider the ideal layout of the restaurant (squarish etc.), 
the buying price/rent of the property, suppliers etc. Kitchen, bar and restau-
rant area should be calculated and planned on the layout.

Step 4.
The business students should come up with a good marketing strategy in 
order to promote the restaurant.

Step 5.
The electrical engineering students should come up with a good wiring dia-
gram in order to light up and provide electricity for the appliances.

Step 6. 
After a week, the groups should present their restaurant idea in front of the 
others.

Tips for Teacher:

Ideally the teacher sets the groups as to eliminate any form of bullying 
amongst peers.

Teams with students with emotional difficulties (e.g. anxiety) or other difficul-
ties which may cause significant discomfort when delivering a presentation 
(e.g. stuttering) should be guided to distribute the workload according to the 
strengths of everyone.

Interactive tools:
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Activity number: 21
Name of the  
Activity: Use of Materials and their Purpose

Challenges  
addressed:
(see Annex 1)

A6, B9, B11, D16, E18

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[x] Arts            [x] Mathematics   

  

Number of students: 20 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: Knowledge of basic material properties. Basic mathematical calculations

Duration (minutes): 180 minutes 

Materials and Re-
sources required:

Four types of materials (a block of polystyrene, aluminum, metal and wood), 
balance scale, measuring instruments

Expected results/
Learning outcomes:

To appreciate the various properties of different materials.
To acquire knowledge and understanding of a specific material’s density 
through a small experiment.
To understand that different materials possess different densities.

Description:
The students are to be informed about this experiment. Lessons on different 
materials should be covered beforehand. Properties of these materials are 
to be discussed during the lessons and if possible, daily life usage of each 
material should be identified.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Step 1.
The students are split into groups of four in order to help each other carry out 
the task. Ideally, each group should have participants coming from arts and 
engineering courses.

Step 2.
Each group is given four different materials these being polystyrene, alumi-
num, metal and wood. For each material, the measurements are noted, its 
mass is recorded, and the density calculated. 

Step 3.
Through this experiment the students are to derive which materials float and 
why? Other material properties such as ductility, malleability, strength and 
hardness are DISCUSSED in relation to ships and buoyancy. Archimedes’ 
experiment could also be carried out on a small scale using a bead and a 
glass with water.

Step 4.
The arts students in each group are to design a basic concept of a racing 
car, plane, ship, lifesaving rafts/aids, cleaners for pollutants, windmills etc. 
They should draw and come up with at least the basic chassis.

Step 5.
The engineering students both mechanical and electrical should choose 
the best material to build the selected equipment/machine which should be 
made from a material that is both as strong and light as possible. The electri-
cal engineering students should design a remote controller in order to control 
the equipment/machine.

Step 6. 
The following week, the groups should present their equipment/machine to 
the other students. They should justify the materials used and the remote 
controller designed.
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Tips for Teacher:

Ideally, the teacher sets the groups as to eliminate any form of bullying 
amongst peers.

Teams with students with emotional difficulties (e.g. anxiety) or other difficul-
ties which may cause significant discomfort when delivering a presentation 
(e.g. stuttering) should be guided to distribute the workload according to the 
strengths of everyone.

If there are any hearing-impaired participants, videos should include subtitles 
corresponding to speech, and descriptions of other audio. 

Interactive tools:
Videos on materials should be helpful when delivering the lessons. Vide-
os on the behaviour of different materials under certain conditions can be 
accessed online.
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Activity number: 22
Name of the  
Activity: Sound Mapping

Challenges  
addressed:
(see Annex 1)

A1, A3, A6, B8, C12, D14, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[_] Science      [x] Technology        [_] Engineering
[x] Arts            [_] Mathematics   

  

Number of students:   5 to 25 students 

Target Group -
Age of students:

[x] 12-14        [_] 15-18        
[_] All target groups 

Prior knowledge: No prior knowledge

Duration (minutes): 30-45 minutes

Materials and Re-
sources required:

 • How to Make a Sound Map
Website:
https://acousticecologyuoh.wordpress.com/2013/12/04/how-to-make-a-
sound-map/
• Garageband/Audacity
• Computers and Recording Devices
• Paper and pencils

Expected results/
Learning outcomes:

Students will practice using just their sense of hearing for discovery
Students may determine relative species abundance 
Compose and record an original soundscape.
Students will learn to create a map 

Description:

CREATE A SOUND MAP LOOP.
Using Garageband or Audacity, have students create a set of loops
that identify each area on the sound map. Overlay the original sounds with 
the loops to create an original composition. The influences of each “region” 
should be identifiable.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
Explore “How to Make a Sound Map” website. What is the purpose of the 
maps? How are they created? What similarities and differences do you see?

2. EXPLORE AND DISCUSS
In small groups, explore the sounds in different areas of the school building. 
Take a small recording device and record a 30 second clip of that area.
They will need to find a spot within the designated boundaries that is within 
sight of the teacher but away from other students.
Sound maps are a quiet, individual activity. They need to be as quiet as pos-
sible and not interact with other students.
They can choose to sit however is comfortable for them.

3. EXPERIMENT:
As a class, listen to each sound clip. Try to guess where in the school that 
clip was from. Discuss why and how those sounds influence each area.
ASK THIS:
 • Are there more human or nature sounds? Why do you think that 
is?
 • What new sounds did you hear?
 • How might certain sound effect behaviors in people or animals?
 • What sounds surprised you?

4. EXPLAIN 
In small groups, create individual sound maps of their assigned areas, based 
on the work from the How to Make a Sound Map website.
How do sounds influence a region or culture?
The potential environment for this lesson is very flexible. A music teacher 
could use this lesson while introducing loops.
Mini “concert” in class with each group sharing their compositions with pro-
jector at the front of the room. 
Post a couple of examples on the school social media spaces. 

WHAT IS HAPPENING?
We hear sound through waves which enter our ears. These vibrations turn into 
signals which your brain interprets into the sounds we hear every day. Luckily, 
our brains can filter out unimportant sounds. If we stop, close our eyes and 
listen, a whole new world will be revealed to us. One can pick up the subtleties 
of their environment and learn about the areas they live, work, and play in just 
by listening.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

 
5. REFLECT 
Ask students to reflect on their experience: 
 • Do you think it is easier to add more loops to a project or 
change the number of times we loop?
 • What was your favorite part about that activity?

You can add to the activity sound walks following the instructions by 
https://acousticecologyuoh.wordpress.com/2013/12/04/how-to-make-a-
sound-map/

Sound Walks
Sound walks are another to ‘map’ the sounds of a place using what ever cre-
ative tools the artist chooses. Usually sound walks are live pieces in which 
the artist takes a group of participants through a place in order to raise more 
awareness to the acoustic environment. However they can take the form of 
compositions and be done for aesthetic purposes.

6. EVALUATE
You can suggest the students to make a self-assessment on how they per-
formed this experiment.

Tips for Teacher:

Grouping and assignment specifications are two main ways you can differ-
entiate the activity for various learning styles/speed and ensure inclusivity 
for all. As far as the hardware, pair up the students appropriately given their 
accessibility and/or use devices that are most native to (example: iPads 
for younger learners, mobile phones for high school and Chromebooks for 
middle school).
If necessary, the audiovisual material is displayed throughout the classroom 
and the teacher assists with the translation.

Interactive tools:
Website
https://acousticecologyuoh.wordpress.com/2013/12/04/how-to-make-a-
sound-map/
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Activity number: 23
Name of the  
Activity: Make Your Own Crystals

Challenges  
addressed:
(see Annex 1)

A1, A2, A3, A4, A6, B11, C12, C13, D14, D15, D16, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[x] Science      [_] Technology        [_] Engineering
[_] Arts            [x] Mathematics   

  

Number of students:   5 to 25 students 

Target Group -
Age of students:

[x] 12-14        [_] 15-18        
[_] All target groups 

Prior knowledge: No prior knowledge

Duration (minutes): 60-120 minutes experiment - results within 1 week

Materials and Re-
sources required:

• Crystal Data Collection Sheet 
• Vinegar 
• Water 
• Salt 
• Cup 
• Sponge 
• Food Coloring 
• Shallow Dish 
• Bins

Expected results/
Learning outcomes:

• WALT engineer crystals using basic ingredients and make observations. 
WALT review their research and data to make predictions. 
By the end of the lesson, students will be able to:
• Define terms associated with making crystals: unsaturated, saturated 

and supersaturated
• Describe how and why crystals form

Description:

In this activity, students will make their own crystals using a few simple ingre-
dients. Students will make observations on a daily basis just as a scientist 
would. To end it, students will make predictions based on research. Students 
will make observations over the course of a week, answer extension ques-
tions, and formulate a prediction based on research.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Ask what your students already know about crystals. Maybe they know they 
can find some in their kitchen cupboard at home in the form of jelly crystals, 
sugar, salt etc.
A crystal is a regularly shaped solid with flat surfaces. The tiny particles 
inside the crystals are arranged side by side, and on top of each other in 
symmetrical patterns. This is what makes a crystal special.
No two crystals are the same and there are lots of different shapes that crys-
tals can make, the flat surfaces of these crystals are called ‘faces’.
Not all crystals you see will actually look like crystals to you, this is because 
they aren’t perfectly formed. Sometimes there is not enough space or it’s too 
hot or cold for the crystals to grow perfectly. When this happens you often 
end up with different and unusual looking crystals.
Crystals that are perfectly formed are often worn as jewelry because of their 
beautiful aesthetic quality.
Procedure 
Step 1. 
Before you begin the lab, have bins prepared with the necessary materials. 
This will save you a lot of time during the lesson. 

Step 2. 
Review all safety procedures before beginning the lab. Reference any an-
chor charts you have in the room. 
Step 3. 
Review what crystals are! These are websites/videos on crystals. These are 
some other ways to make crystals using different ingredients also.
 • This link explores a crystal growth lab at a university. 
https://www.science.mcmaster.ca/tour/an-bourns-building/location-crys-
tal-growth-lab.html
 • Crystal Growing Science Video 
https://www.youtube.com/watch?v=A2t_uIjBmrI
 • Borax Crystals 
https://www.youtube.com/watch?v=BHRFBKjqEvg

Step 4. 
Pass out the Crystal Data Sheet and preview it with the students. Then have 
students move to their lab stations with their groups. 
Step 5. 
Students should first complete questions 1 & 2 on the Data Collection Sheet 
before beginning the lab. 
Step 6.
 Each student should then begin to create their crystals. (Each student can 
make his/her own dish of crystals, or they can make as a group depending 
on supplies.) Stir together 1 cup of hot water, ¼ cup of salt, and 2 teaspoons 
of vinegar in a cup until salt is completely dissolved. 
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You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Step 7. 
In a shallow dish, students should take a small piece of a sponge and place 
it inside. Then, the students should take the water, vinegar, and salt solution 
and pour it over the top of the sponge. The sponge should cover the major-
ity of the bottom of the dish and soak up the solution. You may not use the 
entire cup of the solution. Make sure students cover the top of the cup with 
the unused solution.
Step 8. 
To add color, you can dot the sponge with food coloring. The colors can po-
tentially run together as the crystals begin to grow.
Step 9. 
The dish should sit in a sunny place, so designate an area of the classroom 
where the students may place their dishes. Make sure the students have 
them labeled with their names.
Step 10. 
Students will monitor crystal growth for one week. Each day students may 
pour more of the solution over the top of the sponge to replace the solution 
that has evaporated. Students will draw a simple sketch of the crystal dish 
each (school) day over the one week period, and write a sentence or two 
about the changes they are observing each day. 
Step 11. 
Make sure to have students clean the lab area when the lab is completed.
Step 12. 
Students will then answer extension questions after one week and turn in 
their Crystal Observation Sheet.
 
EVALUATE
The point values of each activity are located next to the question on the lab 
sheet. 
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Tips for Teacher:

Take some time before construction begins to discuss the construction pro-
cess with groups of students and encourage them to explore the knowledge 
and materials they will need. 
Groups should be made up of students who are heterogeneous in terms 
of performance or gender, in order to achieve maximum results in terms of 
interaction and cooperation.
If necessary, the audiovisual material is displayed throughout the classroom 
and the teacher assists with the translation.

Interactive tools:

 

• Crystal Observation Sheet
 

• https://www.science.mcmaster.ca/tour/an-bourns-building/location-crys-
tal-growth-lab.html
• https://www.youtube.com/watch?v=A2t_uIjBmrI
• https://www.youtube.com/watch?v=BHRFBKjqEvg
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Activity number: 24
Name of the  
Activity: Calder Mobiles of Organism Functions

Challenges  
addressed:
(see Annex 1)

A1, A3, A4, A6, B7, B8, B10, C12, C13, D16, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[X] Science      [_] Technology        [_] Engineering
[X] Arts            [_] Mathematics   

  

Number of students:   5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[X] All target groups 

Prior knowledge: No prior Knowledge

Duration (minutes):

60-90 minutes
ESTIMATED TIME: Students will most likely need to do some work for this 
project at home. It is up to you if they do the research at home, or the crea-
tion of the mobile at home. Either way, students should have
40-50 minutes of class time to work on this. You may also set aside about 20 
minutes for a few students to do quick presentations.

Materials and Re-
sources required:

  Printed Color Images of Calder’s Artwork from the Resource Document
  Plain Paper
  Drawing Utensils
  Colored Pencils
  Markers
  Straws
  String
  Paper
  Scissors
  Any other art supplies you can find
  Laptops / smartphones (at least one per team)
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
Mirror Drawing
1. Students should be arranged in groups of approximately four. Each group 
should be given a printed image of one of Alexander Calder’s artwork (pref-
erably in color if necessary). Each group should also have blank paper and 
drawing utensils.
2. Give the groups one minute to silently study their artwork.
3. When the time is up, collect all of the images and give students 2 minutes 
to recreate the image they were given.
4. It is up to you whether you tell students that they will be drawing what they 
see before they start studying the image or not. The purpose of this activity is 
to introduce students to Calder’s work in a fun way.

2. EXPLORE AND DISCUSS
Have students analyze Blue Feather by Calder, a mobile created in 1948.
1. Brainstorm a list of at least 12 questions about the artwork or topic. Use 
these question-starts to help you think of interesting questions:
a. Why…?
b. What are the reasons…?
c. What if…?
d. What is the purpose of…?
e. How would it be different if… ?
f. Suppose that…?
g. What if we knew…?
h. What would change if…?
2. Review your brainstormed list and star the questions that seem most 
interesting. Then, select one of the starred questions and discuss it for a few 
moments. (If you have the time, you can discuss more than one question.)
3. Reflect: What new ideas do you have about the artwork or topic that you 
didn’t have before?
Artful Thinking by Project Zero is licensed under a Creative Commons Attri-
butionNonCommercial 4.0 International License. Routine found here: http://
pzartfulthinking.org/

Expected results/
Learning outcomes:

Students will select a specific organism to learn about its specific organism 
functions.
Develop and use a model to illustrate the hierarchical organization of inter-
acting systems that provide specific functions within multicellular organisms.
Choose from a range of materials and methods of traditional and contempo-
rary artistic practices to plan works of art and design.

Description:

In this lesson students will learn about the six organism functions: growth, 
movement, reproduction, respiration, nutrition, and excretion. Students will 
also investigate Alexander Calder and his mobiles. In the final assessment 
piece, students will choose an organism, research its specific organism func-
tions and create a Calder Mobile to display what they learned. They will be 
able to choose their own materials and must include a written explanation of 
why a mobile is a good representation of organism functions.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

3. EXPERIMENT
Step 1. 
Students Define the Six Organism Functions

1. Split students up into six groups. Each group will be in charge of 
researching an organism function: growth, movement, reproduction, 
respiration, nutrition and excretion.

2. Students may use their textbooks and/or laptops or other devices 
made available to them.

3. Each group must make a poster on what they found out. They should 
give examples and include drawings. These will be displayed around 
the room and will help students in their main assignment.

When students are done, have them do a gallery walk. When you do a gal-
lery walk, give students something specific to look for or do while looking at 
each poster. For this one, have students think about a specific organism and 
for each function think about how it applies to their chosen organism.

Step 2.
Calder Jigsaw
1. Students should be split into five groups. Each group will be reading about 
the following

a. Calder Biographical Information
b. Kinetic Art
c. Calder’s Mobiles
d. Post-war Art in America
e. Piet Mondrian Important Works (an inspiration for Calder’s Mobiles)

2. Each of the links above leads to an article on each topic. Print enough 
copies for each student at the group to have one. Give students about 5-10 
minutes to read the article and find the important information.
3. Two ways to share out information.
a. Have one person from each group share aloud or draw out thoughts onto 
poster paper and present.
Send one person from each group to all the other groups to find out informa-
tion and report back to their original group.

4. EXPLAIN 
Students will choose an organism to investigate its specific organism func-
tions. It may be a good idea to split the class into groups and have them 
choose from within that group. Some groups could be mammals, reptiles, 
birds, etc. Their mobile should have 7 parts: 1 part describing what organism 
they chose and 6 parts representing each of the organism functions. They 
should be informative and also artistic. The mobile should be balanced and 
created so that it can be hung somewhere in the classroom or the hallway. 
Students must write an explanation of what they have created and why a 
mobile is a good representation of their organism functions. If time allows, 
students can present what they have created to the class.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

5. REFLECT 
Have students sketch a book cover. The title is Organism Functions. The au-
thor is the student. A short celebrity endorsement or blurb should summarize 
and articulate the lesson’s benefits. Some students could work on this for a 
long time, so give a short time limit such as 10-15 minutes.

6. EVALUATE
Extent of the activity
In this assignment, you will use what you have learned about Alexander 
Calder and Organism. Functions to create a mobile. You will choose an 
organism to research and create a mobile describing its specific organism 
functions. Your mobile must have 7 parts: 1 part describing what organism 
they chose and 6 parts representing each of the organism functions. Each 
part should be informative and also artistic. The mobile should be balanced 
and created so that it can be hung somewhere in the classroom or the hall-
way. You must also write an explanation of what you have created and why 
a mobile is a good representation of organism functions. If time allows, you 
may be asked to present what you created to the class. Use the rubric below 
to guide your work.

Student created a mobile representing the six organism functions of their 
specific organism

One part of the mobile describes the organism and has a picture of the organism 
_/2 points
Growth of the organism is described and artistically presented _/4 points
Movement of the organism is described and artistically presented _/4 points
Reproduction of the organism is described and artistically presented _/4 points
Respiration of the organism is described and artistically presented _/4 points
Nutrition of the organism is described and artistically presented _/4 points
Excretion of the organism is described and artistically presented _/4 points
The mobile is balanced and ready to be hung   _/2 points
Student wrote a 2-3 paragraph description of their mobile
Fully described all aspects of their mobile    _/5 points
Described why a mobile is a good representation of organism functions _/2 points
Total         _/35 points

Picture 1. 
Image Source: https://www.tate.org.uk/art/images/work/L/L01/L01686_10.jpg
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4 Tips for Teacher:

Make sure that your directions for group work are very clear and you already 
have some procedures in place. Groups can quickly go awry, so make sure 
are well planned to avoid any mishaps. Always have directions written down 
for students to see so they don’t forget what they are supposed to be doing.  
And remember that timers are your friend.

Groups should be made up of students who are heterogeneous in terms 
of performance or gender, in order to achieve maximum results in terms of 
interaction and cooperation.

The teacher has a guiding and supporting role. If necessary, the audiovisual 
material is displayed throughout the classroom and the teacher assists with 
the translation.

Interactive tools:

https://www.theartstory.org/artist/calder-alexander/life-and-legacy/#biogra-
phy_header

https://www.theartstory.org/movement/kinetic-art/

https://arthistoryunstuffed.com/post-war-culture-in-america/

https://www.theartstory.org/artist/mondrian-piet/artworks/
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Activity number: 25
Name of the  
Activity: Tourist Photo Guide

Challenges  
addressed:
(see Annex 1)

A1, A2, A3, A4, A6, B11, C12 , C13, D14, D15, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[_] Science      [x] Technology        [_] Engineering
[x] Arts            [_] Mathematics   

  

Number of students:   5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: No prior Knowledge

Duration (minutes): 60 - 90 minutes

Materials and Re-
sources required:

Computer - Windows 7 or later, Mac OS X 10.5 or later, Linux
Internet Explorer browser is not supported
  Smart phone Operating Android 2.3 or later
  Wi-Fi Connection
Computer and operating system requirements
  Macintosh (Intel processor): Mac OS X 10.5 or later.
  Windows: Windows XP, Windows Vista, Windows 7 or later.
  GNU / Linux: Ubuntu 8 or later, Debian 5 or later Access version (Note: 

Live GNU / Linux applications are only supported for connecting an An-
droid PC / device via WiFi.)

Browser requirements:
  Mozilla Firefox 3.6 or later (disabling NoScript extension).
  Apple Safari 5.0 The latest version.
  Google Chrome 4.0 or later.
  Microsoft Internet Explorer is not supported.
Mobile or tablet requirements:
  Android 2.3 (“Gingerbread”) operating system or later.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
Mirror Drawing
1. Students should be arranged in groups of approximately four. Each group 
should be given a printed image of one of Alexander Calder’s artwork (pref-
erably in color if necessary). Each group should also have blank paper and 
drawing utensils.
2. Give the groups one minute to silently study their artwork.
3. When the time is up, collect all of the images and give students 2 minutes 
to recreate the image they were given.
4. It is up to you whether you tell students that they will be drawing what they 
see before they start studying the image or not. The purpose of this activity is 
to introduce students to Calder’s work in a fun way.

Step 1. 
On the App Inventor screen, scroll left to Projects [?] New project. We name 
the application we will make “TouristPhotoGuide” or something similar (name 
with Latin characters without spaces).
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5 Expected results/

Learning outcomes:

Familiarity with importing and editing objects and multimedia in the App Inventor 
environment
Use basic commands in the block-based editor
Creating the Tourist Photo Guide application
Use and save the application on our mobile phone 

Description:

This application is a “tourist guide”. This is a photo album that highlights areas of 
our country with special beauty. Contains photos with a series of text below with 
the name of the depicted landscape and, in addition, an audio pronunciation of 
the name of the landscape.
By creating this application we learn to:
• We add scroll bars on the screen of our application
• Combine command categories
• Familiarize yourself with the text to speech function
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

We start by looking at the Components window on the right, the Screen1 
object. Select it by clicking on it and go to the properties of Properties -> Title 
and write: “Tourist Photo Album”. (We intentionally have a different title in the 
Screen1 object).

Step 2. 
We remain in the Properties of Screen1 and activate the property “Scrolla-
ble”, “checking” the box. ATTENTION: This step is important to have a “scroll 
bar” on the right of the mobile screen and to be able to scroll and see all the 
images-buttons that we will place, which are too large to show all simultane-
ously. Then we have to place on the screen of our mobile phone 4 buttons 
(which will be our images at the same time) and 4 labels.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Step 3.
From the palette on the left (“Palette User Interface”) drag and drop on the 
screen of the mobile phone 4 buttons (“Button”) and 4 labels (“Label”). Under 
each button we will put a label.

Picture 2.

Step 4.
From the “Media” palette, drag and drop an “Text to speech” object on the 
mobile screen. This of course does not appear on the screen but goes below 
it as “TextToSpeech1”.

Picture 3.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Step 5.
Upload the 4 images that correspond to the four attraction areas in the App 
Inventor by going to the “Media” window and the “Upload File” button. Of 
course you can highlight any areas you want in your application, using any 
photos you like! Choose images from your personal collection or from the 
internet.

Picture 4.

Then select the 4 buttons one by one and go to its properties. We make the 
following changes:
1. In the property: Image we select the image that we want each button to 
show: 1st: Halkidiki, 2nd: Olympus, 3rd: Parthenon, 4th: Santorini
2. The button now appears as an image. Disable the text on the button by 
going to its properties and in the “Text” property delete the text it has.
3. In the label below the button, we add as its text (Property “Text”) the 
description of the image that we have placed on the corresponding button 
above it. These will be the texts that will appear below each image when we 
press on each button. So, in the first label (which is below the 1st button) we 
will put as text: Halkidiki, in the 2nd button text Mount Olympus, in the 3rd 
The Parthenon, in the 4th Santorini Island and so on.

Picture 5.
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(EBL) Methodology:
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3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

The image here does not show all the images, but with the scroll bar on the right we 
can display the rest as shown in the next image.

Picture 6.

4. In the properties of each label we choose to be invisible, by clicking the box in 
the “Visible” property. We do this so that the labels are initially invisible, and appear 
as soon as we press the button above them, ie the image. With invisible labels the 
screen looks like this:

Picture 7.

5. Finally, we pull and place under all the buttons and tags a 5th button that will reset 
(“Reset”) ie will disappear the tags with the names of the images. In this button we 
go to its properties on the right and make the Text “Reset”. Then go to the Blocks 
window and write the program of our application:

Picture 8.

We use the “Call Text to Speech” command on each button, so that when we click 
on the corresponding button on the screen of our application, our mobile phone 
announces the name of the city.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Download an executable application on our Android device

Select from the menu “Build App (provide QR code for .apk)”. The following 
window appears and automatically creates the “TouristPhotoGuide.apk” file

1. Download an executable application on our Android device

2. The following window appears with a QR code. Open a suitable appli-
cation for QR Barcode detection on your Android device and scan the QR 
code. Select “Go to Website” and so the download of the file begins.

3. When the download of the file “TouristPhotoGuide.apk” is completed, we 
select the file so that we can install it on our Android device.

4. This way we install the application we made on our Android device, and 
we have our own travel guide

NOTE: If our mobile phone has a native synthetic voice (instead of English) it 
is recommended to put in the fuchsia tiles texts with Greek letters as follows: 
1st Halkidiki, 2nd Olympus, 3rd Parthenon, 4th Santorini.

The program is ready to be tested after uploading it to our mobile phone.
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Tips for Teacher:

Note: Anyone who installs the .apk file on their mobile phone must change 
the settings to allow the use of external applications. To do this, in Android 
versions older than 4.0, you must go to the “Settings> Applications” menu. 
And check the box next to “Install Unknown Sources”. For versions after 4.0, 
go to “Settings> Biometric Data and Security or Security and Lock Screen” 
and select “Install Unknown Applications”

Groups should be made up of students who are heterogeneous in terms 
of performance or gender, in order to achieve maximum results in terms of 
interaction and cooperation.

If necessary, the audiovisual material is displayed throughout the classroom 
and the teacher assists with the translation.

Interactive tools:

Main Site MIT App Inventor (http://appinventor.mit.edu/explore/).
The open visual programming tool of the MIT App Inventor platform is used 
to create applications.

(http://appinventor.mit.edu/explore/). This platform is a free educational tool 
that allows you to create applications for mobile phones through block-based 
coding.
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Activity number: 26
Name of the  
Activity: Media Arts Presentation and Climate Change

Challenges  
addressed:
(see Annex 1)

A1, A2, A3, A4, A6, B11, C12, D14, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [_] Engineering
[x] Arts            [_] Mathematics   

  

Number of students:   5 to 25 students 

Target Group -
Age of students:

[x] 12-14        [_] 15-18        
[_] All target groups 

Prior knowledge: No prior Knowledge

Duration (minutes): 120 minutes

Materials and Re-
sources required:

• Long sticks such as broom handles or yard sticks
• Strips of paper, tissue paper or crepe paper, aluminum foil, cardstock, etc.
• String
• Basics of Geography: Climate from WatchKnowLearn Educational Videos 
found at http://www.watchknowlearn.org/Video.aspx?VideoID=3551&Catego-
ryID=2671
• JMW Turner’s painting Waves Breaking Against the Wind c1835, oil on 
canvas
image source https://www.tate.org.uk/art/artworks/turner-wavesbreaking-
against-the-wind-n02881
• iPad
• iMovie for iPad or Adobe Spark (both are free) or equivalent
• Computers
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Expected results/
Learning outcomes:

  Critical Thinking 
  Creative Thinking 
  Collaborating 
  Communicating 
  Media Literacy 
  Tech Literacy 
  Social Skills

Develop and use a model to describe how unequal heating and rotation of 
Earth cause patterns of atmospheric and oceanic circulation that
determine regional climates.
Experiment with multiple approaches to produce content and components for 
determined purpose and meaning in media arts productions, utilizing a range 
of associated principles, such as point of view and perspective.
Appraise how elements and components can be altered for intentional ef-
fects and audience and refine media artworks to reflect
purpose and audience.

Description:

Students will create a media arts presentation on climate change after learn-
ing and researching the factors that influence climate.
How can we use media arts to purposefully communicate information on 
climate change?

Activity:
Create a 5 minute presentation using media arts on Climate Change. 
Be sure to include at least 2 factors that influence climate and that your 
presentation demonstrates a determined purpose. You
may use iMovie or AdobeSpark to create your presentation. You will 
share your presentation with the class and complete a reflection sheet.

Usability guidelines 
You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Overview
Local weather that we see results from the global patterns in the atmos-
phere. The interactions between the energy from the sun, the ocean, land-
forms and the rotation of the earth have an impact on the climate of the 
different regions. Our rotation around the sun and tilt towards or away from 
the earth determine the seasons. Hot in the summer for one hemisphere and 
cold in the winter for the opposite hemisphere. The angle at which the sun 
reaches the earth affects the temperature as well. It is hotter at the equator 
and cooler toward the poles. The earth’s rotation also has an impact on the 
winds. The Coriolis Effect is where the winds blowing across the rotating 
earth get deflected and veer right in the northern hemisphere or left in the 
southern hemisphere. This impacts us in the form of circulating weather sys-
tems known as hurricanes or nor’easters.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Climate Vocabulary

Climate - The weather pattern of a certain area  
over a long period of time.
Weather - current conditions of the atmosphere
Solar Energy - amount of energy from the sun  
that a location receives
Atmosphere - mixture of gases surrounding the earth
Latitude - a location’s distance north or south of the equator
Rotation - spin around an axis
Coriolis Effect - when winds get deflected because of the rotation of the 
earth. In the northern hemisphere they veer right and in the southern hemi-
sphere they veer left.
Elevation (Altitude) - height above sea level

1. ENGAGE 
Making a Simple Anemometer
Students will make a wind meter. Have students work in small groups of 4-5 
students. They can attach several equal sized strips of paper, tissue or crepe 
paper, cardstock, aluminum foil, etc. to a long stick (such as a broom handle 
or yard stick). Make sure the pieces are roughly the same size and punch 
a hole in one end. Use string to attach to the stick at equal distances from 
each other. When these are completed, take the students on a walk outside. 
Have them hold their homemade anemometer as high as they can. Which 
strips of paper moved the most? Have students try this in several areas. 
Where is it the windiest? Do they notice anything else?

2. EXPLORE AND DISCUSS
STEP 1.
Climate
Show students the video, Basics of Geography: Climate from WatchKnowL-
earn Educational Videos found at http://www.watchknowlearn.org/Video.
aspx?VideoID=3551&CategoryID=2671. Have a discussion with students 
after they watch the video. Be sure to highlight the factors that influence a 
region’s climate. Students can complete the worksheet found in the resource 
section about the video.
This can be done independently or reviewed as a whole class. Be sure that 
students understand the basic idea that climate is the weather pattern of a 
certain area over a long period of time and that there are several factors that 
influence climate.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

3. EXPERIMENT
STEP 2.
What Influences Climate Change
For this activity, have students research the factors that influence climate 
change. Students can work independently or in small groups and research 
on computers. Your group size will depend on how many computers you 
have available. Factors to be researched include unequal heating from the 
sun, rotation of the earth, latitude, Coriolis effect and prevailing winds, and 
ocean circulation. Students will use their research findings in the main activ-
ity.

4. EXPLAIN 
Elements of Media Arts
Discuss Media Arts with the students. Media arts include all genres and 
forms using electronic media as an artistic medium. This includes film, televi-
sion, audio, video, etc. Use the Elements of Media
Worksheet to review the elements with students. They will be focusing on 
the elements of Point of View, Narrative and Editing. Be sure that students 
understand how to use these elements to enhance their presentations. Take 
some time to introduce iMovie and AdobeSpark to the students so that they 
may get comfortable using them.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

5. REFLECT 
Students will complete a reflection page after viewing all of the presenta-
tions. Questions may include the following.
● Did I include at least 2 factors that influence climate? What were they?
● Did I explore how climate has changed over time?
● Did I use the elements of Media arts when I put together our presentation? 
Give an example of how you used an element.
● Did I edit and refine my work? What did I change?
● What could I do to improve my presentation next time?

6. EVALUATE

3 2 1 0

Presentation
demonstrates a 

determined
purpose including 

the factors
influencing climate

Presentation
includes 5 or more 

factors that influence 
climate and has a 
clear, determined 

purpose that is easi-
ly understood.

Presentation
includes 2-4 factors 

that influence
climate and has a 
clear and deter-

mined
purpose.

Presentation
includes fewer than 
2 factors that influ-
ence climate and 
it is unclear what 

the purpose of the 
presentation is.

The factors shown 
do not influence

climate and there is 
no purpose to the 
presentation or no 
presentation was 

made.

Use of narrative

There is a clear 
sequence of events 
in the presentation
demonstrating the 

cause and effect for 
all of the factors

presented
influencing climate.

There is a clear
sequence of events 
in the presentation
demonstrating the 

cause and effect for
most of the factors 

presented
influencing climate.

There is a sequence
of events in the

presentation
demonstrating the 

cause and effect for 
some of the factors 

presented
influencing climate. 

Some of the 
sequence is incom-

plete or
unclear.

There sequence of
events in the

presentation are 
unclear or missing 
or no presentation

was made.

Use of point of
view(high angle,
low angle, etc.)

Presentation uses 
several points of 

view in the images
used in a cohesive

manner.

Presentation
includes more than 
one point of view in 
the images used.

Presentation
includes only 1

point of view in the 
images used.

There is no clear 
use of a point of 

view or no presenta-
tion was made.

Editing/refining of 
work

During the
reflection student
provides several

examples of how the 
presentation

was edited/refined
and includes

possible edits for
future work.

During the
reflection student

provides an
example of how the 
presentation was 

edited/refined.

During the
reflection student

provides an
example of how the
presentation could 
have been edited/

refined but
did not actually do 

any revisions.

During the
reflection student

did not provide any 
examples of how the 

presentation
was edited/refined
or no presentation

was made.



Educational Tools  &  
Usability Guidelines 

- 116 -ERASMUS+ project  
2019-1-PT01-KA201-060762

Go to 
Index

A
ct

iv
ity

 n
um

be
r:

 2
6

Tips for Teacher:

If there is no wind on the day you make the anemometer you could use a fan 
to simulate the wind.
If you are limited on the numbers of iPad you have you can have students 
work in groups to create their presentations.
I you do not have access to iPad there are other programmes you can use 
such as WeVideo for Chromebooks but also works on Google Drive. There is 
a fee but you can sign up for a free 30 day trial.
Groups should be made up of students who are heterogeneous in terms 
of performance or gender, in order to achieve maximum results in terms of 
interaction and cooperation.
If necessary, the audiovisual material is displayed throughout the classroom 
and the teacher assists with the translation.

Interactive tools:

TURNER , J M W
Waves Breaking Against the Wind c 1835
Painting, oil on canvas

Image source
https://nga.gov.au/exhibition/turnertomonet/Detail.cfm?IRN=167482
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Activity number: 27
Name of the  
Activity: Abstract Art and Linear Functions

Challenges  
addressed:
(see Annex 1)

A1, A3, B7, C13, D14, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[_] Science      [_] Technology        [_] Engineering
[x] Arts            [x] Mathematics   

  

Number of students:   5 to 25 students 

Target Group -
Age of students:

[x] 12-14        [_] 15-18        
[_] All target groups 

Prior knowledge:

Interpret the equation y=mx+b as defining a linear function, whose graph is a 
straight line: Give examples of functions that are not linear. For example, the 
function A=s ² giving the area of a square as a function of its side length is 
not linear because its graph contains the
points (1,1), (2,4) and (3,9) which are not a straight line.
Collaboratively shape an artistic investigation of an aspect of present day life 
using a contemporary practice of art and design.

Duration (minutes): 60 minutes

Materials and Re-
sources required:

 • video, Music and Art, Interpreting Kandinsky lesson found at
 • https://www.youtube.com/watch?v=MVzUfiVlfr0
 • video from The Calvert Journal found at https://www.calvertjournal.com/

news/show/9836/this-video-lets-you-step-inside-kandinskys-abstract-mas-
terpieces

 • Video of Kandinsky painting found at http://www.openculture.
com/2018/05/9-iconic-artists-at-work.html

 • 12x18 white paper
 • Watercolor paints, brushes, water
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Expected results/
Learning outcomes:

• Critical Thinking
• Creative Thinking
• Collaborating
• Communicating
• Social Skills

Description:

Using an aspect of present day life student will collaboratively create func-
tions that are not linear even if they follow the form for a linear function and 
graph them to create a work of art using the work of Kandinsky as inspira-
tion.
How can we collaboratively demonstrate aspects of present day life using 
functions and a contemporary practice of art and design.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Lesson Overview
Artists receive inspiration from life. Sometimes this can be in the grand 
scheme of things and sometimes is the mundaneness of everyday life. Was-
sily Kandinsky was inspired by his ability to see sound and wanted to create 
art that expressed this. Color and form were the important parts of the artistic 
process to him. Using these elements his artwork abstractly communicated 
sights, sounds and emotions of the time. Functions relate an input to an 
output. f(x) represents a function where f represents the functions name and 
x is the input. When a function forms a line, that function is linear. Students 
should be familiar with the equation that represents this: y=mx+b.  As long 
as x stays with a power of 1 the function will be linear. Some points will go 
forever in a straight line. But others will take a winding path. These represent 
functions that are not linear. Students will need to recognize these functions. 
Students will use these functions (that they will create base on some aspect 
of present day life) to create an artwork in the style of Kandinsky. 

Vocabulary
• Function - a relation with no repeating x values so there is exactly one 
output for each input.
• Linear Function - any function that graphs a straight line
• Nonlinear function - functions that are not linear and does not graph a 
straight line.

1. ENGAGE 
Seeing Sound
Wassily Kandinsky could “see” sounds. This is called synesthesia. Have 
this word posted at the front of the room. Ask students what it means. After 
everyone who wants to share an idea has had a turn tell them what it means. 
Seeing sounds. Wassily Kandinsky, the “father of abstract painting could do 
this.”
Tell them that they are going to try an experiment. Be sure everyone has a 
piece of paper and they should fold it in thirds so they have three sections. 
Hand out the watercolor paints and brushes. (A piece of newspaper under-
neath their paper will cut down on any mess). Instruct students that they 
will paint on their paper three times for three different types of music. They 
should paint what they “feel” when they listen to the music. Play the video, 
Music and Art, Interpreting Kandinsky lesson found at https://www.youtube.
com/watch?v=MVzUfiVlfr0 . If possible, do not let the students see the video 
while they are painting. Let them just hear the music. Play each section 
pausing in between so that they can get ready for the next painting. Once all 
three songs have played invite students to share their paintings and notice 
any similarities or differences. Play the video again so students can see 
Kandinsky’s work.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

2. EXPLORE AND DISCUSS
STEP 1.
Wassily Kandinsky
Discuss Wassily Kandinsky with the students. He was a Russian artist and 
is considered to be the father of abstract painting. He was part of the early 
20th century expressionist movement where artists were inspired by color 
and emotions. Kandinsky simplified his work in later years. Some say he 
went to the extreme. His work became about pure form and color, two of the 
elements of art. He used these forms to bring out emotional responses in 
viewers. Show students this video from The Calvert Journal found at
https://www.calvertjournal.com/news/show/9836/this-video-lets-youstep-in-
side-kandinskys-abstra ct-masterpieces

 It takes viewers on a journey through selections of Kandinsky’s abstract 
work. This will give them more of a sense of what his paintings were like. An-
other interesting video shows rare footage of Kandinsky painting. That video 
can be found here
http://www.openculture.com/2018/05/9-iconic-artists-at-work.html

3. EXPERIMENT
STEP 2.
Linear Function Review
Functions relate an input to an output. f(x) represents a function where f 
represents the functions name and x is the input. Linear functions are those 
functions whose graph is a straight line. It follows the form y=f(x)=a+bx. 
There is one independent variable(x) and one dependent variable(y). A is the 
constant or y intercept while b is the coefficient of the independent variable 
or slope(rate of change of the
dependent variable). To graph a linear function you find two points that 
satisfy the equation, plot them and connect with a straight line. To tell if a 
function is linear, look at the equation and see if it fits into the form y=mx+b. 
(Sometimes you will need to rearrange the parts). Equations and graphs are 
not always functions. Students can use the vertical line test. If a vertical line 
can be drawn anywhere on the graph without hitting the line or curve more 
than once, the graph is a function. If not, it is just a point with no direction. 
Review all of this information with students. Have students now complete the 
worksheet on recognizing linear functions to check for understanding of what 
is a linear function and what is not.
Wassily Kandinsky is quoted as saying, “Everything starts with a dot.”
( https://www.brainyquote.com/search_results?q=kandinsky+dot ) Students 
will work collaboratively in pairs. Students will decide on an aspect of life 
today to illustrate by creating functions for them. (For example, the position 
of a planet is a function of time.)*. They will then graph these functions. Stu-
dents should be sure to create both
functions that are linear and some that are not and be able to recognize the 
difference. Students will then transform this graph into an artwork using color 
and form in the abstract style of Wassily Kandinsky.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

4. EXPLAIN 
Artist Statement
Students will complete an artist statement describing how they created their 
functions, why certain functions are linear or not linear. This statement will 
also need to include a statement about how they used the art of Kandinsky 
as motivation.

Wassily Kandinsky, Composition VII, 193, oil on canvas

5. REFLECT 
Create an artist statement for your work. Here are some guidelines.
Describe your work.

• What does it look like?
• What is the subject matter?
• Title?
• What elements did you use?

How did you create your artwork?
• What media did you use?
• What tools, techniques, or processes?

What is the Big Idea(s) ?
• Who/what inspired you?
• Does it express any personal/social issues?
• What emotions are you trying to show?

Final Thoughts
• Did you learn anything?
• Did it turn out the way you planned? Why/why not?
• Is there anything you would change?
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

6. EVALUATE

Assessment
Choose aspects of present day life that can be represented as  functions. 
Create the functions and their sets. Determine which functions are linear and 
not linear. Graph the functions together on one graph. When this is complete, 
investigate the forms and colors that Wassily Kandinsky used when he painted. 
Add color to your graph using watercolor paint as inspired by Kandinsky. Be 
sure to include
in your artist statement a description of your functions, whether they are linear 
or not and why, and how you used Wassily Kandinsky’s art as motivation.

 
3 2 1 0

Linear and
nonlinear function

representation

There are more
than six linear and 
nonlinear functions
clearly represented

in the work
providing a variety 

or lines and shapes
filling the graph.

There are between
four and six linear

and nonlinear
functions clearly

represented in the
work.

There are between 
two and three 

linear and nonlinear 
functions

represented in the 
work..

There is only one 
function

represented on the 
graph so graph does 
not represent both 

linear and
nonlinear functions 

or no work was
completed.

Artistic
investigation of
everyday life

reflecting the art of 
Kandinsky

Students
demonstrated an 

advanced use color
and form to create 

a feeling or emotion 
reflecting

all the aspects of 
present day life 
reflected in the 

functions.

Students used color 
and form to create

a feeling or
emotion reflecting

many of the aspects 
of present day life

reflected in the
functions.

Students used color 
and form to create a 

feeling or
emotion reflecting

some of the
aspects of present 
day life reflected in 

the functions.

Students used color 
and form to create a 

feeling or
emotion reflecting 

only one of the
aspects of present 
day life reflected in
the functions or no 

work was
completed.

Artist Statement

Artist statement
includes a detailed
description of the 

functions and their 
sets, explicit
reasons why

functions are linear 
or not, and a

detailed statement
that tells how they 
used Kandinsky’s
art as motivation.

Artist statement
includes a brief

description of the 
functions and their
sets, reasons why 
functions are linear 

or not, and a
statement that tells 

how they used 
Kandinsky’s art as 

motivation.

Artist statement
includes only one of 

the following; a
description of the 

functions and their 
sets, a reason why 
functions are linear 
or not, or a state-

ment that tells how 
they used

Kandinsky’s art as 
motivation. Or the 
explanations are 

unclear.

Artist statement is
vague, incomplete

and does not
attempt to answer 

any of the questions 
or no work was

completed.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

*Other examples for aspect of life today :

 A soda, snack, or stamp machine
The user puts in money, punches a specific button, and a specific item drops 
into the output slot.

Circumference of a circle is a function of diameter.

Arm length is a function of height.

A car’s efficiency in terms of miles per gallon of gasoline is a function. The car’s 
efficiency may be a function of the car’s design (including weight, tires, and aer-
odynamics), speed, temperature inside and outside of the car, and other factors.

A weekly salary is a function of the hourly pay rate and the number of hours 
worked.

Compound interest is a function of initial investment, interest rate, and time.

Supply and demand. As price goes up, demand goes down.

The length of a shadow is a function of its height and the time of day.

Doing income taxes. Each tax table inputs your income and outputs your tax, 
and that’s a function.

Laying linoleum tile on a rectangular floor. The number of linoleum tiles you will 
need is a function of the length and width of your floor.

Going scuba diving. The water pressure is a continuous function of the depth.

Population is a function of time.

Postage cost is a function of weight and destination.

School grades are a function of hours of study.

Taxi fare is a function of distance.

The time to cook turkey is a function of its weight.
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Tips for Teacher:

You can talk with your Arts Teacher to see if you can borrow some watercolor 
paints for the students to use. 
This lesson can be extended by having students research Kandinsky and 
select an individual work to use as inspiration.
Groups should be made up of students who are heterogeneous in terms 
of performance or gender, in order to achieve maximum results in terms of 
interaction and cooperation.
If necessary, the audiovisual material is displayed throughout the classroom 
and the teacher assists with the translation.

Interactive tools:

Wassily Kandinsky, Composition VIII, 1923, oil on canvas

Image source https://www.wassilykandinsky.net/work-50.php
Commoncoresheets.com has free worksheets that you can download and 
print to use for review with your students. They have worksheets for identify-
ing linear equations through equations, graphs, and tables.
Follow this link and choose the worksheets that work for you.
http://www.commoncoresheets.com/SortedByGrade.php?Sorted=8f3
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Activity number: 28
Name of the  
Activity: Make your own earthquake alarm

Challenges  
addressed:
(see Annex 1)

A1, A2, A3, A4, B9, B11, C12, C13, D14, D15, D16, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[_] Arts            [_] Mathematics   

  

Number of students:   5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge:
Basic principles of wave: transverse and longitudinal waves. Seismic epi-
center, primary and secondary seismic waves. Basic principles of electricity. 
Electrical circuit. See activity “Earthquakes” in the section “Interactive Teach-
ing of Sciences” and the activities in the section “Electricity”

Duration (minutes): 60 – 120 minutes

Materials and Re-
sources required:

 • A solid surface made of wood or hardboard. Alternatively, a taper box 
with a lid.

 • Aluminum foil
 • LED light
 • Buzzer
 • 2 AA batteries
 • Battery case. Alternatively you can use foil and duct tape.
 • Electrical cables
 • Thick copper wire (you can find it by stripping a thick wire
 • Heat gun
 • Cutter for the wire

Expected results/
Learning outcomes:

Practical application of an electrical circuit
 • Understand the basics of an alarm system
 • Construction of an alarm system that senses seismic vibrations
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Description:
In this activity is developed an earthquake alarm, using the principles of 
physics and a simple electrical circuit. You are able to see experientially how 
science gives us the tools to study the world around us but also to protect 
ourselves from the greatest natural disasters!
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Introduction
We live in a very seismogenic country, which is often test-
ed by earthquakes. The development of warning systems is 
essential for the protection of all of us. How can we detect 
a seismic vibration in time? What alarm systems are there 
for early warning of an earthquake? What can an electrical 
circuit have to do with seismic protection? In this activity 
you will make our own earthquake alarm, using the princi-
ples of physics and a simple electrical circuit. So you will 
see experientially how science gives us the tools to study 
the world around us but also to protect ourselves from the 
greatest natural disasters!

1. ENGAGE 
Earthquakes
An earthquake is a violent oscillation due to the sudden movement of mass-
es in the solid crust of the Earth. This turbulence causes a sudden release 
of energy, creating seismic waves, which reach the surface of the Earth, 
causing seismic vibrations. Earthquake protection is an area that requires 
the cooperation of many scientific specialties: geologists, seismologists, civil 
engineers, engineers and many more specialties. A very important part of 
earthquake protection is the seismic shielding and proper construction of 
buildings to withstand earthquakes! Another very important part is preven-
tion. How can we detect a seismic vibration in time? What mechanisms can 
we use to detect and warn of an earthquake in progress?

Earthquake warning systems
To detect and warn of earthquakes, most countries of the world have national 
networks of warning stations installed that have seismographs (seismic wave 
recording systems), accelerometers and appropriate telecommunication and 
calculation systems. These stations allow the detection of seismic waves and 
vibrations, the immediate warning of protection centers and the recording of 
earthquake data for scientific purposes. 
For example, (in Greece, the Unified National Seismological Network in-
cludes stations of the National Observatory of Athens and the Universities of 
Thessaloniki, Athens and Patras that extend throughout the country, record-
ing in real time the coordinates, magnitude and depth of seismic vibrations!)
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

2. EXPLORE AND DISCUSS
How do we detect an earthquake?
Seismographs and warning systems
The detection of seismic waves by a scientific instrument such as a seis-
mometer (or more commonly a seismograph) is based on the detection of 
oscillation:
A seismometer is always close to the ground (so that it is not affected by the 
oscillation of buildings) and has four basic elements:
• an outer casing, which fastens the device and follows the movements of 
the ground,
• an inert mass that tends to remain stationary with respect to ground move-
ments
• the suspension system, which consists of springs that allow the mass to 
oscillate in the direction we are interested in recording
• the recording system, which sends by visual or other signal the relative 
position of the mass in relation to the housing of the construction. In the first, 
classical seismographs, this recording was made with a stylus that oscillated 
with the mass and marked the deviation of its position.
Modern systems have seismometers installed with the axes vertical to each 
other, to record oscillations in all three directions of space. Of course today 
such a system is connected to a warning system, and sends data via the 
Internet to control centers. The operation of a seismometer may seem com-
plicated – but you can make a similar detection system ourselves at home or 
at school, applying simple principles of physics.
How does the construction work?
The current construction will look like a very basic “seismometer” - your con-
struction will have an inert mass, an outer casing and a suspension system: 
a pendulum that oscillates in one direction. Instead of a recording system, 
your construction has an alarm system. The deviation of the inert mass / 
pendulum from the vertical position closes an electrical circuit, activating 
a visual or audible alarm signal! With this construction your students think 
creatively about how to detect a seismic vibration, and apply their knowledge 
to electricity to build a functional earthquake alarm!
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

3. EXPERIMENT
To create the construction you will need to follow the following basic steps.
Step 1. Making the outer casing: Using the copper wire, make a ring with a foot, 
which is fasten to the fixed surface or to the lid of the taper using tape or the heat 
gun.

Step 2. Construction of suspension system: The purpose is to create a 
system that can oscillate relative to the equilibrium position when there is os-
cillation in the direction of the plane, such as that caused by a seismic wave. 
For this purpose, we will use the copper wire to make a hook from which you 
will hang a ball of foil. The ball should be suspended from the hook in such a 
way that it oscillates freely - like a pendulum.

Step 3. Connecting a suspension system to a recording system: 
To connect the oscillation of the inert mass (foil ball) to the alarm system, 
fasten the hook in such a way that, when the ball oscillates, the copper wire 
that you have hung from the hook comes in contact with the walls of the ring, 
closing it circuit (which we will be built later). The suspension system of our 
construction will function as a circuit breaker.

Step 4. Creation of the electrical circuit (recording system): In the previous 
steps you have constructed a switch, which will close when there are oscil-
lations in the plane that cause oscillation of the inert mass (ball of aluminum 
foil). Now you need to fix the rest of the circuit, through which the alarm 
signal will be generated.

• Connect one pole of the battery (positive) to the foot of the ring (one 
side of the switch).
• Connect the other pole of the battery with an LED light or a buzzer or 
both in series. Depending on the item you use, your alarm will emit a 
visual or audible signal!
• Connect the electrical components (light bulb or buzzer) to the hook 
(the other side of the switch). If you have installed the LED terminals 
correctly, the circuit is complete. To help, you see a basic version of the 
construction in the pictures below:

Finishing the outer casing: If you want, you can use the lid of the taper as a 
fixed surface - this way, you can cover your construction with the taper, pro-
tecting it! In this case, you should be careful to make the suspension system 
at such a height that it fits in your taper. To see an alarm implementation in 
this way, we suggest the following video, which provides a detailed explana-
tion of the circuit:
https://www.youtube.com/watch?v=0z_HVbzvJhI&app=desktop

Picture 1 Picture 2 Picture 3
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

4. EXPLAIN 
Earthquake simulation
 Causing oscillations at the level of our fixed surface, the ball / oscillator 
moves from its equilibrium position. By moving the wire - the switch closes, 
allowing current to pass from the battery to the bulb and buzzer! Thus, our 
alarm leaks current only when it detects seismic vibrations, and alerts us 
accordingly, emitting light or sound signals!
Are you ready to detect real or simulated seismic vibrations with the earth-
quake alarm! What ideas can you come up with to evolve your construction?

5. REFLECT 
We suggest the following discussion topics: In what ways can we detect 
and record an oscillation? Encourage students to think of different recording 
systems, analog or digital. Discuss different types of warning and recording 
signals. How can we connect the oscillation detection by the seismometer 
with the interruption of an electrical circuit? Can the inert mass act that devi-
ates from its position to act as a switch?

6. EVALUATE
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8 Tips for Teacher:

Take some time before construction begins to discuss the construction pro-
cess with groups of students and encourage them to explore the knowledge 
and materials they will need. 
Groups should be made up of students who are heterogeneous in terms 
of performance or gender, in order to achieve maximum results in terms of 
interaction and cooperation.
If necessary, the audiovisual material is displayed throughout the classroom 
and the teacher assists with the translation.

Interactive tools:

Earthquake training activity video:
https://www.youtube.com/watch?v=0z_HVbzvJhI&app=desktop

Website of the Geodynamic Institute of the National Observatory of Athens, 
Unified National Seismological Network:
http://www.gein.noa.gr/el/diktua/ethniko-seismologiko-diktuo

Website of the National Seismological Network: http://bbnet.gein.noa.gr/HL/



Educational Tools  &  
Usability Guidelines 

- 131 -ERASMUS+ project  
2019-1-PT01-KA201-060762

Go to 
Index

Activity number: 29
Name of the  
Activity: Where the art and science intersect

Challenges  
addressed:
(see Annex 1)

A1, A2, A3, A4, A5, A6, B 9, B10, B11, C13, D14, D15

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[x] Arts            [_] Mathematics   

  

Number of students:   5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: To create an opportunity for inspecting of the different ways - art and science 
are related from the past until now 

Duration (minutes):
30-45 minutes for introduction to the topic, building (mak-
ing a structure) the approach and forming research teams 
of students. 2-3 weeks for the projects to be developed.

Materials and Re-
sources required:

  
Computer, LCD projector, internet 
paper, paint, markers
https://www.mindmup.com/#storage

Expected results/
Learning outcomes:

To develop the main soft skills - effective communication skills, teamwork, 
dependability, flexibility, leadership, problem-solving, research, creativity, 
work ethic. 
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Description:

This is an activity that combines a research approach and project-based 
training. This activity is a start of the research projects of the students, which 
can last a different number of days or weeks. It will be a good idea to be set 
a deadline for students’ surveys by giving them plenty of time to engage in 
the research.
Teachers should discuss in advance, how they can be involved as experts 
on individual students’ projects- answering questions or giving advice on 
different stages of the research projects.
Prepared questions in advance will help to guide the discussion.
Art is a manifestation of the artist himself/herself. Science is an exploration 
of the entire world in the effort to find the universal truths. 
This activity examines how art and science are related.
Students think over and decide in which research areas they want to work 
and formulate a research assignment.
Students present their research about the relationship between science and 
some specific achievements in the arts.  
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Step 1. 
The discussion can start with the question:” Was Steve Jobs an Artist? “
Students should be given the floor for different interpretations and defending 
their point of view.
A short debriefing and a conclusion should be made. Such as: The Art is 
often practiced either to make sense of our reality or to create a manifesta-
tion of the consciousness of the artist itself. Science, on the other hand, is an 
exploration of the world around us in an effort to find universal, indisputable 
truths. Art and science enable each other to deepen their respective expres-
sions of reality. Here will explore the relation of art and science. 

Step 2. 
Teachers should use the “mind map method” to create an associative map. 
The board in the room, large flip chart sheets or online resources can be 
used to visualize it. At least 2-3 associative circles should be made with the 
help of the students. The main directions and links have to be outlined. If 
necessary, teachers should assist the students in expanding associations 
and thematic areas.

Step 3. 
Students should be allowed to think over and to decide in which research 
areas they want to work. Some teams have to be formed, so that it will help 
them to choose a specific aspect from which to look at the problem.

Step 4.
A research assignment has to be set.
Students should  present their research about the relationship between sci-
ence and specific achievements in the arts .
The frame of the research has to be determined, so that the students would 
know what to do. Students should be given the opportunities for support by 
different subjects’ teachers . The deadline has to be clear. A list of consul-
tations for each of the stages of the students’ survey has to be made. The 
ways of presenting the final product of each team have to be specified.

Step 5. 
Regular monitoring is recommendable during the team work. Such as: an 
even distribution of work for each team member, whether students move 
consistently over time, or do they need additional support.

Step 6. 
Teamwork presentations should be organized. Students’ parents may also be 
invited to participate, however, the teachers who have consulted the children 
are required to attend. 
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Tips for Teacher:

Project Based Learning (PBL) includes working on projects, but the focus is 
more on the process of learning and cooperation between the learners and 
their peers. 
The learning process is personalized into a stimulating and supporting 
atmosphere through important students’ questions and the given opportuni-
ty for changes into the products as well as into the ideas that are based on 
individual or mutual answer of these questions. Projects at PBL serve as a 
framework that allows the students to play and to experiment, to use sim-
ulations, to address authentic questions and to work with their classmates 
and members of the community in the search of knowledge and solutions 
in every topic that they are interested in. Students will not only complete 
the given task, but they will also use the teacher’s experience in design and 
implementation of projects and realization of products that are frequently 
leading them to important problems for them or challenges. 
In general, Project Based Learning goes beyond, the narrow tasks of the 
study, which presupposes well-defined goals and expected final results and 
at the same time creates prerequisites for open ideas, flexible goal setting, 
complex methods for collecting and analyzing of information as well as pro-
cedures for public presentation of students’ results. It is more closely related 
to the skills of the 21st century, than with any other form of learning, and the 
new technologies in the classroom can be used to their full potential.
Supporting the learning process that is based on classroom research gives 
students the opportunity to think critically and to learn through questioning, 
not just memorizing facts. It should be started with the students’ questions.
As human beings, we have a natural need to understand the world around 
us. Inquiry-based learning takes advantage of this instinct, enabling students 
to find interesting answers to questions that are relevant to them. 
Educators can use students’ questions and interests to provide real-world 
contexts in which the curriculum can be integrated and addressed. On their 
turn, students can develop themselves as self-taught students by applying 
appropriate skills, developing a deeper understanding of the topic and creating 
new discoveries. 
Curiosity in the classroom should be encouraged. 
Curiosity is a powerful motivator for students - it stimulates them to observe 
and ask questions while they are exploring their world. Educators can take 
advantage of the students’ natural curiosity with the help of a curiosity table 
designed to engage them in active study and learning.
Such a curiosity table allows educators to provide children with unfamiliar 
objects and materials designed to provoke questions.
 When children are at the curiosity table, they are provided with tools and are 
given time to explore objects. Then, students are encouraged to write down 
their “I wonder” questions so that they can be used to guide further research. 
Educators can use this opportunity to encourage more in-depth learning: “I 
wonder what else it can be used for” or “I wonder how we can understand.”
Teacher should be cooperative: let’s find out together
Students’ expectations are constantly evolving in the 21st century, and the 
role of the educator is also changing. And nevertheless that previous models 
were focused on collaborative techniques, they were too teacher-oriented 
rather than student-centered. The role of educators remains to a large extent 
that of a facilitator of content. 
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Tips for Teacher:

Current models place teachers in the role of a facilitator, a collaborator and 
a teacher. To be truly effective with digital learners, teachers need to move 
away from teaching and learning patterns as isolated endeavors. 
Nowadays, teaching is less about knowing everything, but rather about 
learning new information with students and organizing that information into 
important branches of learning. 
The best answer a teacher can give to his students is to say, “I don’t know 
the answer, let’s find it out together.”
The Teacher should think as a scientist by researching and discovering.
All the people are born scientists - from birth they use their innate curiosity to 
understand the world around them. However, in more formal learning set-
tings, this curiosity can help people explore the world in meaningful, personal 
ways. 
It is important for students of all ages to have the opportunity to participate 
in learning experiences that engage them and challenge them to try new 
things, go to new places and interact with new people - not only at school, 
but also at home and in their communities. 
These unique experiences can arouse students’ curiosity and lead to their 
exploration and discovery. Educators can additionally encourage this curi-
osity by introducing mysterious objects, visiting an unfamiliar place, such as 
a public treatment plant, inviting a special guest speaker, such as an elder 
from a local group, or asking students to analyze problems through various 
aspects of science, technology, society and the environment.
The teacher should think as an engineer. 
Engineering concepts and processes provide students with tools to under-
stand how technology systems work. They also offer an opportunity to get 
acquainted with the principles of design, properties of materials and their 
production.
Thinking as an engineer helps students develop methods for visualization, 
creative thinking, collaboration, analysis and problem solving - all these are 
habits of the mind that are vital for success in our current world. Teachers 
can encourage these habits by providing students with opportunities to regu-
larly design and consistently review each step or stage of problem solving.
Teachers should be focused on skills’ development.
 Asking questions in an approach to find solutions. Research skills are organ-
ized in four main steps: initiation and planning, execution and recording, 
analysis and explanation, communication and teamwork. These steps are 
not always linear - more often they exist as cyclical series of events.
Skills such as communication and collaboration are an integral part of the 
inquiry process. Other skills, such as classifying, comparing, contrasting, and 
recognizing data models, are specific to certain stages of the research. 
A lot of these skills can be enhanced in other areas of the curriculum, such 
as language, social sciences and mathematics. On the contrary, when sci-
ence and technology skills are learned, they can be applied in areas such as 
language, the arts, the social sciences, health and physical education.
Teacher should search cross-curricular links



Educational Tools  &  
Usability Guidelines 

- 136 -ERASMUS+ project  
2019-1-PT01-KA201-060762

Go to 
Index

A
ct

iv
ity

 n
um

be
r:

 2
9

Tips for Teacher:

Integrated learning gives students a meaningful context in which they can 
apply skills and have the opportunity to develop their ability to think. Moreo-
ver, they can transfer knowledge and skills from one subject area to another.
An obvious example is the connection between mathematics, science and 
technology, where students apply data management skills - collect, organize 
and display data. In integrated learning, teachers ensure that students have 
the unique knowledge and skills in each of the areas needed for learning.
Steps of Project-Based Learning:

1.  FOCUS: to identify a problem. 
2.  OBSERVE: to explore and to select elements for further definition of the 

problem. 
3. DISCOVER: to research a current solution. 
4.  APPLY: to create new solutions. 
5.  SHARE: to present solutions and to ask for a feedback. 
6.  REVISE: to implement a feedback.

Interactive tools:

 
1.  https://www.newyorker.com/culture/cultural-comment/was-steve-jobs-an-

artist
2.  https://edgy.app/where-art-and-science-intersect
3. https://projectrawcast.com/photography-art-or-science/
4.  https://www.youtube.com/watch?v=ZsUDeRtO3RM - David by Michelan-

gelo
5.  https://www.youtube.com/watch?v=ROP45rjvOHg – Kinetic energy 
6.  http://digicult.it/design/the-impact-of-technology-on-the-fashion-industry-

the-exhibition-making-fashion-sense/ - transformation of fashion through 
technology
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Activity number: 30
Name of the  
Activity: Golden ratio

Challenges  
addressed:
(see Annex 1)

A1, A2, A3, A4, A5, A6, B9, B10, B11, C13, D14, D15

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[x] Arts            [x] Mathematics   

  

Number of students:   5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: To discover the hidden beauty of mathematics in the world around and in 
culture 

Duration (minutes):

30-45 minutes for introduction of the topic, building (mak-
ing a structure) the approach and forming research teams 
of students. 
2-3 weeks for the projects to be developed. 

Materials and Re-
sources required:

Computer, LCD projector, internet 
paper, paint, markers  

Expected results/
Learning outcomes:

To develop the main soft skills - effective communication skills, teamwork, 
dependability, flexibility, leadership, problem-solving, research, creativity, 
work ethic. 
To use language, symbols and texts interactively - the effective use of spo-
ken and written language skills, computation and other mathematical skills, 
in multiple situations.
To use knowledge and information interactively - critical reflection on the na-
ture of information itself – its technical infrastructure and its social, cultural, 
and even ideological context and impact. 
To use technology interactively – to recognize and to determine what is 
known and what is unknown, to identify, to locate and to use appropriate 
information sources; to organize knowledge and information.
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Description:

This is an activity that combines a research approach and project-based 
training. This activity is a start of the research projects of the students, 
which can last a different number of days or weeks. It is a good idea to set a 
deadline for students’ surveys by giving them plenty of time to engage in the 
research.
Teachers should discuss in advance, how they can be involved as experts 
on individual students’ projects- answering questions or giving advice on 
different stages of the research projects.
Prepared questions in advance will help to guide the discussion.
Think about the numbers and the golden ratio. What makes a single num-
ber so interesting that ancient Greeks, Renaissance artists, a 17th century 
astronomer and a 21st century novelist all would write about it? 
Students discover various examples of the usage of the “golden ratio” in 
maths, nature, Space, art, life, architecture, design.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Step 1. 
The discussion can start with the following: 
Let’s think about the numbers. What makes a single number so interesting 
that ancient Greeks, Renaissance artists, a 17th century astronomer and a 
21st century novelist wrote about it?
What is the golden ratio? Have you heard of “the golden ratio”? Where can 
we find it?
Students should be given the floor for different interpretations and to defend 
their point of view.
A short debriefing and a conclusion should be made. Such as: 
It’s a number that goes by many names. This “golden” number, 1.61803399, 
represented by the Greek letter Phi, is known as the Golden Ratio, Golden 
Number, Golden Proportion, Golden Mean, Golden Section, Divine Propor-
tion and Divine Section.  It was written about by Euclid in “Elements” around 
300 B.C., by Luca Pacioli, a contemporary of Leonardo Da Vinci, in “De 
Divina Proportione” in 1509, by Johannes Kepler around 1600 and by Dan 
Brown in 2003 in his best selling novel, “The Da Vinci Code.” With the movie 
release of the “The Da Vinci Code”, the quest to know Phi was brought even 
more into the mainstream of pop culture. The allure of “The Da Vinci Code” 
was that it creatively integrated fiction with both fact and myth from art, histo-
ry, theology and mathematics.

Step 2. 
Formulating  a research assignment 
Teachers should acquaint students with various examples of the usage of the 
“golden ratio”. The main topics with examples that everyone should have a 
look:
 - The Fibonacci Sequence
 - Geometry of the Golden Ratio
 - Nature 
 - The Solar System and Universe
 - Art
 - Life
 - Perceptions of Beauty
 - Architecture
 - Design
There should be a discussion of the hidden proportions associated with the 
“golden ratio” and how they affect us. And also, if it is appropriate, a discus-
sion about the myths related to the “golden ratio” are recommended.



Educational Tools  &  
Usability Guidelines 

- 140 -ERASMUS+ project  
2019-1-PT01-KA201-060762

Go to 
Index

A
ct

iv
ity

 n
um

be
r:

 3
0

Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Step 3. 
Students should be allowed to think over and to decide in which research 
areas they want to work. Some teams have to be formed, so that it will help 
them to choose a specific aspect from which to look at the problem.
By using their knowledge and information, students have to:
  Recognize and determine what is unknown;
  Identify, locate and access appropriate information sources; 
  Evaluate the quality, appropriateness and value of that informa-
tion, as well as its sources; 
  Organize knowledge and information; 
  Visualization-to present their results in an inspiring way.

Step 4. 
Required steps of project-based learning and to present the results:
1. FOCUS: to identify a problem 
2. OBSERVE: to explore and to select elements for further definition of the 
problem; 
3. DISCOVER: to research a current solution 
4. APPLY: to create new solutions 
5. SHARE: to present solutions and to ask for a feedback 
6. REVISE: to implement a feedback.

Step 5. 
The frame of the research has to be determined, so that the students would 
know what to do. Students should be given the opportunities for support by 
different subjects’ teachers . The deadline has to be clear. A list of consul-
tations for each of the stages of the students’ survey has to be made. The 
ways of presenting the final product of each team have to be specified.

Step 6. 
Regular monitoring is recommendable during the team work. Such as: an 
even distribution of work for each team member, whether students move 
consistently over time, or do they need additional support.

Step 7. 
Students should  present their research about  examples of “golden ratio” in 
their own field of choice.
Teamwork presentations should be organized. Some external specialists in 
the field may also be invited to participate, however, the teachers who have 
consulted the children are required to attend.
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Tips for Teacher:

The purpose of the Guided Discovery approach is to facilitate in-depth learn-
ing by students and it often arises from looking at the problem from different 
perspectives. The pedagogical basis is that if students “discover knowledge” 
themselves, it will be the process of creation and adding to their own under-
standing. Students will have formulated and evaluated hypotheses, and they 
will have rejected those that do not seem to explain the observations, en-
countered misconceptions and surprises, and finally came to an understand-
ing that unites them. If students recreate knowledge that is already existing, 
but still unknown, they will advance in learning the how they can create new 
knowledge. What is more, students will get educated through inductive rea-
soning. It is a method that is used for creating the most of human knowledge. 
The Discovery Guide is an approach that encourages students to discover 
concepts on their own through a planned but flexible guiding by the teacher.
The approach gives best results when students are involved in the research 
activities before the given topic topic and the group of lessons connected 
with it. Because discovery problems are time consuming and encourage in-
depth learning, they are best used to teach learning material that is particu-
larly important, conceptually difficult, or counterintuitive.
The given activity or system is going to be a successful if the problem that is 
going to be solved by the students is adequately structured so that students 
can stay in their “area of close development.”This is the area that includes 
what they can do on their own, only with their own resources, and what they 
can do with the help of people that are significant for them, such as: parents, 
teachers or peers.
The main stages of the process are: motivation; creating and organizing 
knowledge; conversations between teachers and students in which the 
teacher does not answer the students’ questions directly, but s/he asks the 
students a series of questions that point out the students to the right direc-
tion, instead. These questions can help students explain what they have 
already understood. Additionally, they can clarify these explanations, provide 
evidence and arguments at the heart of their claims, or find “holes” in their 
arguments (Hogan and Pressley, 1997).
The students’ work organization:

1. Content selection: The teacher should select a content that is new 
but derived from a previous content, using skills and knowledge that 
students have ready had.
2. Pointing out the goal: The teacher should state the objectives of the 
lesson clearly without spoiling “Aha!” component.
3. Identifying the prerequisites: The teacher has to identify the needed 
knowledge and skills for the students, so that they will complete the 
work on the problem successfully. Then the teacher has to prepare 
a test for the students in order to make sure that they have acquired 
them.

Testing of these skills can be done through short speeches and class discus-
sions.
The teacher has to take into consideration that these skills may not be highly 
developed; they can only be basic, and ‘targeted discovery’ is going to serve 
as a way to learn new concepts and as an opportunity to practice and im-
prove acquired skills.
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Tips for Teacher:

4. Creating a clear scheme of work: When the teacher designs the lesson, it 
will be very useful to make a schematic plan that reveals the flow and logic of 
the lesson.
If the teacher organizes his/her thoughts in this way that will help him/her to 
design the process in a logical sequence. The activity should be structured, 
so that all the students can build an understanding of each basic concept 
before putting all the concepts into a complete model. If it is possible, the 
teacher should include one or more practical activities. Then s/he has to 
develop the lesson, so that the students will face common misconceptions 
while they are working. For example, in a study of the seasons, students are 
confronted with the fact that the Earth is closest to the sun in January, which 
directly contradicts to the common misconception that seasonal temperature 
differences are caused by the distance between the Earth and the sun.
5. Designing the lesson: At the beginning of the lesson, arouse the students’ 
curiosity by making the problem like a puzzle, a riddle that needs to be 
solved.
The real-life scenario can also increase students’ engagement by showing 
them the importance of the material that has to be learned in relation to their 
natural life.
The lesson has to be made challenging, but not discouraging or disturbing. 
Every step should be small enough, so that the student can feel that it is fea-
sible for him/her. When practical activities are involved, the teacher should 
keep the procedures simple and give clear instructions; the focus should be 
on understanding what is happening, not on making the experiment “correct-
ly”. Students should be kept engaged during the work process and repetitive 
calculations or activities should be minimized.
In the core of the approach there are some leading questions that students 
should answer till the end. This is the place where the correct structure is 
crucial. 
When the questions are well prepared, they trigger “Aha!” moments that 
make problems with open-ended goals so exciting and effective. The ques-
tions’ writing act is a delicate balancing one, so that it can provide enough 
help. If teachers give too little help, students will feel overwhelmed and will 
give up because they will feel helpless and insecure. And on the contrary, if 
teachers give too much help, they will “steal” the thrill of discovery. That is 
why, students must “gradually see the concepts, and to develop” (Gerver and 
Sgroi, 2003, p. 9). The teacher should ask specific questionsin in order to 
make the message of what s/he wants clear enough.
The use of too many questions should be avoided. Every single question 
should lead to the final goal. If it is appropriate, the teachers can give stu-
dents to fill in partial diagrams or tables. Multiple choice questions can be 
an effective way to limit the opportunities available to students and thus they 
can focus on their thinking. Students are often asked to give evidence in sup-
port of their answers. If the rest of the activity depends on the correctness of 
an answer, students can be instructed to ask the teacher for checking before 
moving on.
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Tips for Teacher:

6. Use of an external expert: Before provoking students to work on a com-
pletely new problem, the teacher can give the floor to a colleague or older 
student to work on the model s/he has chosen. As a result of that activity the 
teacher will find out all the traps such as vague guidelines, missing steps, 
hidden assumptions or mistakes. 
7. Follow-up planning is recommended in order students’ responsibility to be 
provoked: Project-based learning should be an essential part of the curricu-
lum, not just an activity for fun. Students will not take such lessons seriously 
unless they know they are going to be kept responsible for what they have 
learned during the study itself and the problem-solving work.
 For example: a student can perform poorly on an essay that is based on an 
analysis of a problem, that can also be developed in the form of a simulation 
game, because s/he may think it is just a fun game and is not something that 
has to be learned. The follow-up activity does not need to be an exam. It can 
be another problem involving targeted discovery based on first results, an 
essay, homework, or a presentation to the class. 
8. “Field” tests and revision: It is inevitable that in the beginning, any plan-
ning of problem-oriented approaches can be imperfect - this may be true for 
the first time or even for the second, third or fourth. That is why, it is a good 
idea right after the lesson or the activity, the teacher to write down what 
works, what doesn’t work, and what s/he will do in a differentway next time. 
The teacher should write down all the ideas to make the next lesson more 
enjoyable or deeper. When the teacher sits down and revises the lesson 
while it is still fresh in his/her mind, s/he can feel a really strong sense of 
satisfaction, especially when s/he will start the next stage of working on the 
same or another problem.

Interactive tools: https://www.goldennumber.net/



Educational Tools  &  
Usability Guidelines 

- 144 -ERASMUS+ project  
2019-1-PT01-KA201-060762

Go to 
Index

Activity number: 31
Name of the  
Activity:

THE CONNECTION BETWEEN TECHNOLOGY AND EMO-
TIONS

Challenges  
addressed:
(see Annex 1)

A1, A2, A3, A4, A5, A6, B9, B10, B1, C13, D14, D15

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[x] Arts            [_] Mathematics   

  

Number of students:   5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge:
Students will selects, transfers, and uses data and principles to complete a 
problem or a task with a minimum of guiding.
Students will originate, integrate, and combine ideas into a product, plan or a 
proposal that is new to him or her.

Duration (minutes):
For steps from 1 and 2 – 45 minutes
For step 3 – 2-3 days or week
For steps 4 - 6 - 45 minutes  

Materials and Re-
sources required: Multimedia, Internet

Expected results/
Learning outcomes:

To develop the main soft skills - effective communication skills, teamwork, 
dependability, flexibility, leadership, problem-solving, research, creativity, 
work ethic. 
To understand how the artificial intelligence are used in different aspects of 
life.
To identify and to expilan how the different fields such as computer science, 
information engineering, mathematics, psychology, linguistics, philosophy, 
and many others are connected with the development of the artificial intelli-
gence. 
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Description:

Emotions could be described as the core of human experience. But the new 
technologies are changing the relationship between technology and emo-
tions. The world is full of digital technology and these devices have literally 
become extensions of people. For example, humanlike robots are used in 
healthcare, smart devices are listening to people’s conversations and are 
taking care of their needs. People are communicating more with technology 
than with other human’s beings.
Scientists, artists, engineers explore how technology today represents, ma-
nipulates and changes people’s emotions.
This is an activity that combines a research approach and project-based 
training. This activity is a start of the research projects of the students, which 
can last different number of days or weeks. It is a good idea to set a deadline 
for students’ surveys by giving them plenty of time to engage in the research.
Teachers should discuss in advance, how they can be involved as experts 
on individual students’ projects- answering questions or giving advice on 
different stages of the research projects.
Prepared questions in advance will help to guide the discussion.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE
Teacher should set different types of problemsabout a certain topic and start 
to discuss it with his or her students.
In the 21st century is the time when emotions should be into focus. Main-
ly because, it is very important people to find out how emotions could be 
manipulated and controlled by technology. Said in other words, emotions 
influence society and people’s lives. Nowadys major technology companies 
are trying to manipulate the way people behave by triggering their emotions 
everyday through smart phones, laptops and personal devices.
There is a machine, invented by researchers, that can “read” people’s facial 
expressions in order to determine human emotions. At the same time, young 
children are being trained to recognize emotions in other human beings – be-
cause their ability to do so is failing in the digital age.
The barriers between a human being and a machine, an emotion and tech-
nology seem to be breaking down. Heartbeat, perspiration, speech, or body 
language are checked by smart watches or fitness trackers, webcams and 
facial- and body-recognition systems. In the 21st century people can see the 
rise of investigations into emotional technology, which stands for measuring 
biometric data in order to detect and respond to people’s emotions which is 
then used as data input for various digital applications. Progress in machine 
learning have enabled emotion recognition with artificial intelligence (AI).
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

2. EXPLORE AND DISCUSS
The world is full of digital technology and these devices have literally become 
extensions of people. For example: humanlike robots are used in health-
care, sex robots are compensating the shortcomings of human relationships, 
smart devices are listening to people’s conversations and are taking care 
of their needs. Communication is more common with technology than with 
other human beings.
Watching of the following two videos is recommended:
- 9 Most Advanced AI Robots - Humanoid & Industrial Robots
- Meet Sophia: The first robot declared a citizen by Saudi Arabia.
https://www.youtube.com/watch?v=Jky9I1ihAkg - 9 Most Advanced AI Ro-
bots - Humanoid & Industrial Robots
https://www.youtube.com/watch?v=E8Ox6H64yu8 - Meet Sophia: The first 
robot declared a citizen by Saudi Arabia

Teacher should start a discussion with the students. 
As the emotional intelligence gap between of humans and machines grows 
narrower – do people actually know how they really feel?
Who is in control of people’s emotions now? 
Is technology beginning to influence how people feel? 
Could technological advances lead to the emergence of new emotions that 
were not only previously unquantified, unnamed, and unidentified, but also 
un-felt? 
And what exactly are real feelings in today’s highly digitized world?
How can AI be dangerous?
A debate is strongly/highly recommended.
Students should be asked to debate in pairs. The idea is this debate to make 
students defend the opposite side of their personal opinion. It will encourage 
them to step away from their own benefits and at the same time it will teach 
them to look through a different colored glass once in a while. 
Another version of the activity could be: a half of the class is supposed to 
take one position, while one position, the other half of the class is supposed 
to take the other position. Students should stay in a line and face each other. 
Each student is allowed to speak only once, so that all the students from 
both sides can be engaged into the issue. 
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

3. EXPERIMENT
(students generate an accessible, relevant and curiosity driven action to 
justify inquiry)
The so called method of Optimist/Pessimist should be used.
In pairs, students should take opposite emotional sides of the case study, the 
statement or the topic. Students should be encouraged to be empathetic and 
really to live through the case study.  
Teacher can discover some good proposals for solutions and students will be 
able to learn some exceptional social skills.
In order to make this activity interesting and useful, the teacher together with 
the students should choose the most disputable questions and opinions from 
the previous step.
There should be a discussion about the way the students felt and whether 
their positions have changed. 
Students should be given the opportunity to choose a topic for their own 
research/case study/ and for a defense of a certain thesis. 
It will be a good idea if this choice is not a sudden one.  Because the stu-
dents should have the opportunity to think over and to get inspired by a 
certain aspect of creation or usage of artificial intelligence. The students will 
be able to announce their chosen topics in the next days. 

4. EXPLAIN
(students communicate their findings).
Most researchers agree that a super intelligent AI is likely to exhibit human 
emotions like love or hate, and that there is no reason to expect AI to be-
come intentionally benevolent or malevolent. Instead, when considering how 
AI might become a risk, experts think about two scenarios that are most 
likely to happen: 
The AI is programmed to do something devastating: Autonomous weapons 
are artificial intelligence systems that are programmed to kill. In the hands of 
the wrong person, these weapons could easily cause mass casualties. More-
over, an AI arms race could inadvertently lead to an AI war that also results 
in mass casualties. To avoid being thwarted by the enemy, these weapons 
would be designed to be extremely difficult to simply “turn off,” so humans 
could plausibly lose control of such a situation. This risk is one that’s present 
even with narrow AI, but grows as levels of AI intelligence and autonomy 
increase.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

5. REFLECT
(students think again about the initial question, the path taken and the actual 
conclusions)
In the near term, the goal of keeping AI’s impact on society beneficial moti-
vates research in many areas, from economics and law to technical topics 
such as verification, validity, security and control. Whereas it may be little 
more than a minor nuisance if one’s laptop crashes or gets hacked, it be-
comes all the more important that an AI system does what someone wants it 
to do if it controls one’s car, one’s airplane, one’s pacemaker, one’s automat-
ed trading system or one’s power grid. Another short-term challenge is pre-
venting a devastating arms race in lethal autonomous weapons.
By inventing revolutionary new technologies, such a superintelligence might 
help people eradicate war, disease, and poverty, and so the creation of 
strong AI might be the biggest event in human history. Some experts have 
expressed concern, though, that it might also be the last, unless we learn to 
align the goals of the AI with people’s before it becomes superintelligent.

6. EVALUATE
(students’ performance is teacher and self-assessed according to a previ-
ously shared grid or set of criteria)
Students can be asked: What are the main and the most important things 
after this activity for each of them?
Guided questions should be prepared in advance for the main topics. 
Teacher can use the Exit slips methods.
They are best used at the end of the class session. Students will be asked 
to write for a minute on a specific question. It might be generalized to “what 
was the most important thing you have learned today?”. Then, the teacher 
can decide if s/he is going to open up a conversation about it in the next 
class. The teacher can ask the students if they still remember what they 
have written down.
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1 Tips for Teacher:

Before the first research task, the teacher must be sure that it will take some 
time for preratation of the students of what is going to happen. Students 
need to know the educational value of everything they do. 
Teachers should make efforts to help students see how these examples 
and activities are related to their learning. Some students may resent being 
forced out of their comfort zones, but most will enjoy the experience and 
appreciate the opportunity to discover concepts for themselves. 
When assigning problems to apply a research approach, it is essential to 
devote some time to students working on them. If this time is limited, the 
early stages of working on the problem can be given as homework. While 
students are working on the problem in class, the skillful structure provided 
by the teacher is essential. When students ask for help, the teacher should 
ask them to explain their thinking. The teacher should be careful not to eval-
uate students’ explanations. Instead of paying attention to what they reveal 
about how far they have come in building the concept and how far they have 
come. Then give students enough help (by asking leading questions, giving 
information or explaining a concept). Once they are on the right track and 
progressing again, cheer them up.
These types of interactions are one of the most impressive experiences in 
the process of communication between teacher and student. However, even 
in small classes, it can be very difficult to reach every one individually. That 
is why, it is recommended the teacher to organize the students in groups and 
to insist on their working together.
The best will be if the teacher organizes the students in groups of three to 
five with an even distribution of strong, medium and weak students. They 
should be instructed to work together as a team. The teacher should make 
sure that each team member understands the answer to each question 
before proceeding. If strong students are outraged that they have to explain 
many things, the teacher should remind them that “the best way to learn 
something is to explain it to others and teach them.”
It is essential, the teacher to introduce a structure and process that keeps all 
students together and in the focus of the task, to give space for research, but 
also to offer effective moments to make sense of a stage before continuing. 
Otherwise, some students rush through the problem as quickly as possible to 
get out of work earlier. These students do not accept the activity as some-
thing valuable to them, but simply as something that has to be done. In this 
way, they can destroy the atmosphere for others on the team and for the rest 
of the class. In the team, students who do not want to hurry will feel obliged 
to do so.

Interactive tools:

https://www.youtube.com/watch?v=Jky9I1ihAkg - 9 Most Advanced AI Ro-
bots - Humanoid & Industrial Robots
https://www.youtube.com/watch?v=E8Ox6H64yu8 - Meet Sophia: The first 
robot declared a citizen by Saudi Arabia
https://www.youtube.com/watch?v=5_jp9CwJhcA

https://futureoflife.org/background/benefits-risks-of-artificial-intelli-
gence/?cn-reloaded=1
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Activity number: 32
Name of the  
Activity: Can a Person Make a Difference

Challenges  
addressed:
(see Annex 1)

A1, A2, A3, A4, A5, A6, B9, B10, B11, C13, D14, D15

Subjects:
Please propose min 1 
tool per subject

[X] Science      [_] Technology        [_] Engineering
[_] Arts            [_] Mathematics   

  

Number of students:   5 to 25 students 

Target Group -
Age of students:

[x] 12-14        [_] 15-18        
[_] All target groups 

Prior knowledge:

To understand the importance of collective intelligence when making deci-
sions to create far-reaching impact
To be engaged with a range of internal and external stakeholders to gather 
perspectives, information and data; utilises research and analysis to explore 
and solve problems
To develop the ability to see the bigger picture (the impact a decision will 
have on environment, economy and society).

Duration (minutes):
For steps from 1 and 2 – 45 minutes
For step 3 – 2-3 days
For steps 4 - 6 - 45 minutes  

Materials and Re-
sources required:

Work sheets: 1 and 2.
Multimedia, Internet
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Expected results/
Learning outcomes:

to raise awareness of the environment and sustainable development issues 
among students and educators, and through them, within society as a whole;
to understand the connection between some school subjects content and 
everyday life;
to create different ways for expressing personal point of view and results of 
discovery activities; 
to address both individuals and groups in order to promote environmental 
protection in the context of sustainable development. 

Description:

The interaction between human and environment is crucial. The solutions for 
environmental protection have an impact on human health and well being 
today and in the future.
In a democratic society, people have the right to access information, and 
to participate in decision-making processes on environmental issues. The 
main aim of this activity is to illustrate the human right to participate in deci-
sion-making processes on environmental issues and human rights in gener-
al.
The activity encourages students to be active and to think on their own. As 
a result, it will develop long-term memory retention. What is more, students’ 
knowledge will improve, as well as their interests, strong points, knowledge, 
team spirit and freedom of expression will get better.
This activity provides a link between human health, the environment and the 
curriculum in physics, chemistry, geography and biology. Attention is focused 
on noise and air pollution. They are related to different types of waves (phys-
ics), liquid particles/aerosols—and certain gases (chemistry) and how they 
affect nature (biology and geography) and human beings (biology).
This is an activity that combines a research approach and problem solving.
Interactive methods - structured and unstructured debates, nominal group 
relationships, team-idea mapping, group passing
brainstorming.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE
The class can be explained that in a democratic society, people have the 
right to access environmental information. However, for many years, environ-
mental conditions and the impact of various activities have been kept secret. 
Today, the legislation in many European countries guarantees the right of 
people to gain access to such information. Furthermore, governments are 
responsible for making this access easy. 
Regarding information in a neighbouring country, the Convention also guar-
antees the right of access to this data, assuming both countries have signed 
the Convention. The Convention prohibits discrimination against people or 
organisations according to citizenship, nationality or place of residence.

2. EXPLORE AND DISCUSS
In a democratic society, people have the right to access information, and to 
participate in decision-making processes on environmental issues.
Local authorities are also obliged to collect environmental information in 
order to protect people’s health. They must disseminate it in a timely man-
ner through the local mass media. The publishing of periodic newsletters or 
daily broadcasts of environmental parameters should become a permanent 
practice of local and national authorities.
Students can be asked to present some case studies on Allergies and Envi-
ronmental Pollution.
Students should be explained that, according to the Aarhus convention, local 
authorities are obliged to provide the doctors with available information about 
the nature and quantity of the factory’s emissions, within one month. If the 
municipality does not have this information, they should at least refer to other 
institutions that may have it. There are several exceptions — mainly that 
authorities can refuse information if it is connected with the national security 
or foreign affairs.
Another students can be asked to present the New Highway case study.
Students should be explained that there were many causes in the past 
— political, economic and social — preventing public participation in deci-
sion-making processes on environmental issues. Today, the public participa-
tion principle is one of the main prerequisites for sustainable development, 
as it assists society in making better decisions with regard to the real needs 
of people and the environment. Citizens and civil organisations should have 
the opportunity to express their concerns and views regarding the environ-
ment before the authorities, and authorities should take into consideration 
people’s needs.
The class should be explained that, in all projects and activities related to: - 
metallurgy; - waste management; - industrial production; - the construction of 
dams and roads; - mining; - energy and chemicals production and such other 
activities. Authorities are obliged to involve the public into the decision-mak-
ing process. 
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Authorities should therefore announce their intentions and plans by dissem-
inating information in an easy to understand format and in a timely manner 
that allows an adequate period for response. This information should include 
thorough analyses of the possible impact the future activity might have on 
the environment. The procedure for preparing such information is called 
an environmental impact assessment (EIA). Furthermore, authorities are 
obliged to organise a public discussion on any given project. The location, 
date and time of the meeting should be well publicised in advance. The 
public discussion should be organised before a decision is going to be taken. 
The authorities are then obliged to take the different views and considera-
tions presented into account. 
The questions below should be discussed in the following order: 
• What imminent dangers would the construction of a new factory pose for 
nature and human health? 
• What do people gain from the opening of the new factory?

3. EXPERIMENT
(students generate an accessible, relevant and curiosity driven action to 
justify inquiry)
Follow-up -  Students can be asked to find out whether there are similar cas-
es in the area where they live.

4. EXPLAIN
(students communicate their findings).
The cases should be discussed in order to raise awareness about the clash 
of different public interests.

5. REFLECT
(students think again about the initial question, the path taken and the actual 
conclusions)
The class should be convinced that a consensus solution, which takes 
everyone’s interests into account, though it can be difficult, is the optimum 
approach in such cases.
The decision itself should be based on the principle of general consensus, 
reflecting a maximum number of perspectives and minimising the potential 
impact the future development might have on people’s health and environ-
ment. Public participation does not refer only to cases of new construction 
and production, but also to the development of plans, programmes or poli-
cies regarding the environment.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

6. EVALUATE
(students’ performance is teacher and self-assessed according to a previ-
ously shared grid or set of criteria)
The students can be asked: What are the main and important things after 
this activity for each of them?
Some guided questions should be prepared for the main topics.
Follow up activities and connection with curriculum.
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Tips for Teacher:

Every person, as a member of society, has the right to help determine the 
state of environment. Whether s/he is an office worker, a farmer, a teacher, 
a bus driver or a student, s/he like anyone else,is surrounded by and lives in 
an environment whose condition affects his/her health, working abilities and 
aesthetic perceptions. There are some limited exceptions, but s/he has the 
right to have access to environmental information, to participate in decisions 
affecting the environment, and to pursue legal action if these rights are 
denied. S/he has the right to know, for example, whether economic activities 
in his/her community affect his/her health. And when decisions are made that 
may affect the environment, s/he has the right to take part in that process.

In 1998, a convention on citizens’ rights to information, public participation 
and justice on environmental issues was signed by the European environ-
mental ministers in Aarhus, Denmark. The Aarhus Convention lends society 
a strong tool for formulating and implementing an adequate environmental 
policy. It also improves social stability and confidence by providing citizens 
with the assurance that their voice is a significant part of the decision-making 
process.

Interactive tools:

http://www.greenpackonline.org/english/menu.html

https://www.nationalgeographic.org/encyclopedia/noise-pollution/

https://www.acs.psu.edu/drussell/Demos/waves-intro/waves-intro.html

https://www.nasa.gov/specials/X59/science-of-sound.html

https://www.youtube.com/watch?v=24yESm63tSY&feature=emb_rel_end

https://abakcus.com/diy/how-to-make-wave-machine/

https://www.youtube.com/watch?v=VE520z_ugcU

https://www.explainthatstuff.com/sound.html

https://www.quora.com/What-are-the-differences-between-sound-and-light-
waves

http://www.bbc.com/earth/story/20150731-what-is-a-ray-of-light-made-of

https://www.epa.gov/ground-level-ozone-pollution/ground-level-ozone-basics

https://www.choosehowyoumove.co.uk/wp-content/uploads/2020/04/Air-qual-
ity-experiments-and-activities-for-home-and-school-v6.pdf
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Activity number: 33
Name of the  
Activity: Can the robot develop any  kind of art?

Challenges  
addressed:
(see Annex 1)

A1, A2, A3, A4, A5, A6, B9, B10, B1, C13, D14, D15

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[x] Arts            [_] Mathematics   

  

Number of students:   5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [x] 15-18        
[_] All target groups 

Prior knowledge:
to collaborate, to think critically, and to work together, to develop innovative 
projects and answers to complex questions;
to expose a wide variety of 21st Century skills, and to allow students to inter-
act with curriculum in a way that is engaging, authentic, and fun.

Duration (minutes):
For steps from 1 and 2 – 45 minutes
For step 3 – 2-3 days or week
For steps 4 - 6 - 45 minutes  

Materials and Re-
sources required: Multimedia, Internet

Expected results/
Learning outcomes:

Learning from previous problems
Finding new ways to solve existing problems 
Solving problems independently or as a group
Separating facts from personal opinions 
Determining the key points in a text 
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Description:

Thinking about the future has always been a part of the human nature. The 
role of designers, scientists, researchers, engineers in shaping how people 
think about the future and how they address the challenges and the oppor-
tunities that humans beings may encounter through the years, decades, and 
centuries ahead. 
Students have to look for answers of the questions for the role that technolo-
gy can play in augmenting or replacing a wide range of human activities.
This activity combines a research approach, guided discovery and pro-
ject-based learning.
Interactive methods – brainstorming, forced debate, case study “Optimist/
Pessimist”, discussion, working with values.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE
Thinking about the future has always been part of the human nature. It has 
also been a permanent field of inquiry for designers and architects whose 
speculations on this subject—ranging from the concrete to the whimsical—
can profoundly affect the way people imagine what is to come.
Among the many forward-looking projects are: lab-grown food, robotic com-
panions, digital kiss messengers, family leave policy proposals, and textiles 
made of seaweed. Some of these possibilities will come to realization, while 
others will remain dreams or even threats.
The role of designers, scientists, researchers, engineers in shaping how we 
think about the future and how we address the challenges and opportunities 
that humans may encounter in the years, decades, and centuries ahead.
While no one can precisely predict what is going to happen, some solutions 
are provoked by a sense of anxiety, and others of a sense of excitement over 
the possibilities that can be created through the use of innovative materials, 
new technologies, and, the most important, are fresh ideas.

2. EXPLORE AND DISCUSS
Among the questions today’s designers/scientists, researchers, engineers 
seek to answer are: 
What role can technology play in augmenting or replacing a broad range of 
human activities?
Can intimacy be maintained at a distance?
How can privacy be negotiated in a world in which sharing and use of per-
sonal information has blurred traditional boundaries? 
How might design be used to help people heal or transform themselves, 
physically and psychologically.
How will a constantly growing population be fed? 
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

3. EXPERIMENT
(students generate an accessible, relevant and curiosity driven action to 
justify inquiry)
Formulating a research assignment 
Students should  start their research with the next examples of questions:
When the artists are going to begin to put together robots to create, paint, 
dance and compose music? 
What can a robot do that an artist cannot? 
If it has an artificial intelligence, does it mean that a robot has an imagina-
tion? 
Who makes the decisions: the artist, the engineer, the robot, the spectators 
or everyone together? 
What does it mean “a work of art”?
Should we be afraid of robots? Artists? Artist-robots?
What are the latest technologies in art?

Students should be asked to define a problem, to develop and to deliver a 
solution and to evaluate the process and the results. Students should be 
helped to think about:

Definition: — to decide what needs to be solved
Discovery — to gather knowledge and to research the problem 
Dream — to think about the possible ways the problem can be solved, 
and to imagine what wanted results will look like at the end
Design — to use the information from the previous steps to start build-
ing the right solution 
Delivery — to complete and to present the project (also known as Pro-
duce and Publish) 

4. EXPLAIN
(students communicate their findings).
Teamwork presentations should be organized. External specialists in the 
field may also be invited and teachers who have consulted the children are 
required to attend.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

5. REFLECT
(students think again about the initial question, the path taken and the actual 
conclusions)
As our lives become increasingly connected and managed by artificial sys-
tems, their works of art lead us to think, feel, and laugh at robots. 

They force people to reconsider how they measure what it means to be a hu-
man. They are the object of a collaboration involving the artist, the engineer, 
the robot and people, who modified the interactive works in the past. Thus, 
robots will become co-originatotrs. Here come the question whether it will 
make people more human, more like artists, or more like robots?

6. EVALUATE
(students’ performance is teacher and self-assessed according to a previ-
ously shared grid or set of criteria)
Students can be asked: What are the main and the most important things 
after this activity for everyone?
The guided questions for the main topics have to be prepared.
There should be a reflection about the project whether it is successful and 
what can make it more effective next time.
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Tips for Teacher:

4 Things All Project-Based Learning Teachers Must Do

1. Start with the End
This is where the the teachers’ preparation should begin with. When teach-
ers are planning a project, they should start with the end.

• What knowledge is wanted to be acquired by the students at the end 
of the project?
• What 21st century skills will they be expected to gain?
• How will the new information be presented to learners?
• What will be the final product of the project, so that it can show what 
students have learned?

Planning a project that is based on learning takes time. Creating new ways 
to present information and to show students that learning can be a chal-
lenge. Luckily, there are a lot of resources available to make primary, sec-
ondary, and high school teachers think about what their students can accom-
plish.

2. Help Students Develop Questions
Once everybody is ready to start the project, it has to be clear that with pro-
ject-based learning, students are having a lot of their own learning. Teachers 
are there to facilitate learning and guide students towards the answers to 
their questions—not to answer them themselves.
Then, it can be started, by generating questions.

• The teacher should find out what students think they know about a 
topic. All the ideas can be brainstormed and recorded. (Even if what 
students think they know is inaccurate.) The teacher should resist the 
urge to correct the students. Students must be allowed to discover their 
own mistakes for themselves via the project process.
• What do students want to know? All their questions should be record-
ed on a chart or other visuals.
• Last but not least – students should be encouraged to use teacher’s 
questions as models to develop their own questions.
If the students have questions, they want answers. So, it should be 
started with the largest content ideas first.
• Going on trips among nature, is a good idea. 
• Thinking beyond traditional museums and exhibits, is recommended. 
If the class is studying the skeletal system, a visit to the nearby hospital 
or orthopedic office should do. And if they are studying economics, then 
a visit to the local business should be great.
• It will be good some guest experts to be invited in order to share what 
they know. It will be very useful if students’ parents, friends, or local 
community members are invited to share their knowledge.
• Students can be involved into the topic if they are provided with in-
triguing opportunities. This can be done by a webquest, reading, online 
games, interactive activities, or experiments.
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Tips for Teacher:

At this stage, all the students should be exposed to the main part of the con-
tent. Students are searching for answers to their own questions and discov-
ering what this project is all about.

3. Help Students Understand what it is To Think as An Ex-
pert
This is where student’s choice comes into play. Students get acquainted 
with the aspect of the project that they are mostly interested in. They find 
out everything they can about that topic in order to share it with others. 
For example, if the class is studying landforms, a student may choose one 
landform to learn more about. He/she may choose to focus on the Nile 
River—what is its significance? What impact does it have on the community 
around it? What recreational and economic opportunities exist as a result of 
its existence? How was it formed, or how long has it been a major resource 
for Egypt?
The questions can get as specific as it is allowed. When students discover 
that not all of their questions will have answers, they will have to explore a 
variety of resources and synthesize all the  information. 21st century skills of 
critical thinking and problem solving, flexibility and adaptability, and produc-
tivity and accountability will be on full display during this stage.

4. Help Students Present, Publish, and Perform
This is the end that the teacher has to start with when planning.
During this final stage, students will be required to organize all of the infor-
mation they have gathered in order to share it with the others. This makes 
students responsible for all the training they have done so far. They will 
have the opportunity to use the 21st century skills of creativity and innova-
tion, communication and collaboration. Students may be creating a life-size 
model, making a brochure persuading people to visit a particular landform, 
creating their own business, reenacting an experience they were part of 
during the field experience, or any multitude of presentations. They will study 
and will be critical to each other’s work to ensure that they are presenting 
their best products.
There should be invited other people to come and see what students have 
learned. Such as: students in other grades who are studying similar topics, 
parents, administrators, community members, and the guest experts that 
helped in the beginning. One more thing, the projects can be presented into 
the community to those who would be interested in the results of the pro-
jects! This will be a perfect practice of students’communication and presenta-
tion skills.Teachers will be amazed by how well students perform themselves 
when they are engaged in a topic and held accountable for their own learn-
ing.
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Tips for Teacher:

Conclusion
Because lecture-style learning is becoming obsolete, Project-Based Learning 
is a fun way for teachers to facilitate learning and engage students. It can be 
implemented at any level of learning, and build on both content standards 
and 21st century skills. It allows different topics to be integrated across the 
content areas, and promotes collaboration among students and teachers. 
PBL encourages students and teachers to be creative, and innovative, and 
to think about long term retention and application of knowledge. The teacher 
will be responsible for a lot of planning and preparing, but it will be totally 
worth it!

Interactive tools:
1. http://digicult.it/slider/bodydrift-anatomies-of-the-future-an-interactive-exhi-
bition/
2. http://digicult.it/slider/artists-and-robots-at-grand-palais-in-paris/
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Activity number: 34
Name of the  
Activity: Еffects of gravity, friction and elasticity in everyday life

Challenges  
addressed:
(see Annex 1)

A2, А3, А6, B3, D1

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [_] Engineering
[_] Arts            [_] Mathematics   

  

Number of students:   5 to 25 students 

Target Group -
Age of students:

[x] 12-14        [_] 15-18        
[_] All target groups 

Prior knowledge:

To define and to illustrate with everyday examples that the mass of bodies is 
a measure of their inertia.
To gather forces in the same or opposite directions.
To illustrate with examples that in the interaction of bodies, there are always 
two equal in size and opposite in direction forces – action and counteraction. 
To distinguish and calculate gravity, reaction force of support, weight and 
friction force. 
To apply the second principle of mechanics. 

Duration (minutes): 120 min.

Materials and Re-
sources required:

 
Computer, LCD projector, I/internet 
paper, paint, markers
rope, reel, elastic band, twine, scissors 
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Step 1. 
The class (group) is divided into 3 teams. The teacher gives each group a 
description of one of the 3 forces - gravity, friction and elasticity. 

Step 2. 
The teacher gives orally each team a task - to clarify the nature of the power 
indicated on the piece of paper and to give as many examples as possible of 
its application in nature and / or life. Working time - about 10 minutes.
Each team presents its ideas and after each presentation the members of 
the other teams can add information. (Time – 10 min.)

Step 3.
The teacher hands out a proverb to each team. The task of each team is to 
play and clarify the physical meaning of the selected proverbs, using specific 
physical terms (Time - 20 minutes).
Proverbs: 
 - Like a duck takes to water. (sliding friction force); 
 - The apple doesn’t fall far from the tree. (force of gravity); 
 - It takes a village to raise a child. (equivalent resultant force); 
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4 Expected results/

Learning outcomes:

To recognize studied objects and phenomena in nature and in everyday life.
To Perform observations and experiments, to check experimentally physical 
laws.
To describe the motion and interaction of bodies with quantities such as 
speed, acceleration, force, mechanical work and power, kinetic and potential 
energy.
To follow instructions, to plan one’s own activity, to collect and to use in-
formation independently, to compare, to systematize, to summarize and to 
model set conditions.

Description:

The activity is dedicated to the discovery of the effects of gravity, friction and 
elasticity in everyday life.
It helps students to understand these principles in practice and even to 
discover how the basic patterns in the manifestation of each type of force are 
manifested in characteristic proverbs related to human behavior and relation-
ships.
Basic methods - brainstorming, research, experiment, discussion, group 
work.



Educational Tools  &  
Usability Guidelines 

- 167 -ERASMUS+ project  
2019-1-PT01-KA201-060762

Go to 
Index

A
ct

iv
ity

 n
um

be
r:

 3
4

Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Step 4. 
The teacher distributes to the teams slips of paper with case studies, which 
must be solved with physical knowledge and implemented in practice (Time - 
70 minutes).
The teacher makes safety instructions and provides the students with it in 
written form, so that they can sign it.
The first step – the cases should be discussed by the team.
The second step – the cases should be discussed throughout the whole 
group in order to make the best decision.
The third step – each team has to solve practically its case and to demon-
strate it. 
Case 1: A tree has fallen on a forest path, which obstructs the passage. How 
will you clear the path if the tree is very heavy and it is impossible to move it?
Case 2: You are on a trip to the forest. You have to make tea for a needy 
friend of yours. How will you light a fire if no one is carrying a match or a 
lighter? (If the students do not remember, the teacher explains that before 
starting the task, the place where they will light a fire must be secured by 
making a circle with stones).
Case 3: You have to send a secret written message from one bank of a river 
to the other and you cannot cross it. You do not have mobile phones. What 
will you do?

Step 5.
 
After each task, students evaluate and self-evaluate their work. The teacher 
shares how s/he would cope with the given task. Then, the teacher makes a 
qualitative assessment of the performance of the teams from a physical and 
environmental point of view.
After the lesson, the students will share their impressions and ideas. Moreo-
ver, they will make recommendations. (10 minutes).
 



Educational Tools  &  
Usability Guidelines 

- 168 -ERASMUS+ project  
2019-1-PT01-KA201-060762

Go to 
Index

A
ct

iv
ity

 n
um

be
r:

 3
4

Tips for Teacher:

Preliminary knowledge:
Forces – characteristics and types, with emphasis on gravity, friction and 
elasticity. Simple mechanisms. 
Venue: Among nature (the teacher must have chosen the place in advance, 
according to the goals and the tasks s/he has set and s/he has to be pre-
pared for their implementation.  
It is important for the teachers to:
- select appropriate proverbs from each country that reflect the main forces 
described in the task; 
- think over what difficulties the students would encounter and prepare ap-
propriate series of guiding questions for the students’ right decisions; - pre-
pare sample effects from the different types of solutions to each case. 
If the teachers have the desire, they can prepare short videos with demon-
strations of the types of forces studies to be shown and discussed with the 
students. Then the time to complete the activity can be increased. 

Interactive tools:
1. http://digicult.it/slider/bodydrift-anatomies-of-the-future-an-interactive-exhi-
bition/
2. http://digicult.it/slider/artists-and-robots-at-grand-palais-in-paris/
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Activity number: 35
Name of the  
Activity: “Explore the colors”

Challenges  
addressed:

(see Annex 1)
A1, A2, A3, A4, A5, A6, B9, B10, B11, C13, D14, D15

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [_] Engineering
[x] Arts            [_] Mathematics   

  

Number of students:   5 to 25 students 

Target Group -
Age of students:

[x] 12-14        [_] 15-18        
[_] All target groups 

Prior knowledge:

To use some empirical methods of cognition such as observation, measure-
ment. 
To track the results of the experiment. 
Skills for empirical generalization, analysis, comparison, synthesis, mode-
ling, etc.

Duration (minutes): 60 minutes.

Materials and 
Resources required:

Model of glasses, a white cardboard, a glue, a tape, some colored foil (blue, 
red and green), a pencil, frames of old sunglasses, some color applications.

Expected results/
Learning outcomes:

As results, the students will be able to:
- Describe the propagation, reflection, refraction and decomposition of 
light (spectrum, body color).
- Understand the concept of light spectrum.
- Explain the main colors and the result of their mixing.
- Describe how color filters change the white light.
- Explain by giving examples what the color of the bodies depends on.

Description:
The activity is dedicated to the study of the spectrum and the decomposition 
of light. Students will explore the effects of color overlay and their interaction. 
Interactive teaching methods - brainstorming, discussion, experiment.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE
Most of the colors that people can see are a combination of the three main 
colors of light: red, green and blue. These basic colors can be mixed togeth-
er to form other colors known as additional, such as: yellow, magenta and 
cyan.

2. EXPLORE AND DISCUSS
The teacher should ask students to make a hypothesis or an assumption 
about the expected results due to a change and / or overlap of one or more 
parameters / color filters /. What will they be able to see?
The teacher should write all the answers on the board.
A discussion about the following is recommended:
Are there colors and objects that can be seen with difficulty when the room is 
dark and there is a bright daylight? 
What colors are easily visible and distinguishable?
Are there certain colors that are almost impossible to be seen in general?

3. EXPERIMENT
(students generate an accessible, relevant and curiosity driven action to 
justify inquiry)
It is a good idea, the teacher to try this experiment:
 1. The teacher should ask the students to wear colored glasses 
with a red filter. Then, the students will be asked to answer the previous 
questions again:
Are there colors and objects that can be seen with difficulty or that cannot be 
seen at all?  What colors are easily visible? Are there certain colors that are 
almost impossible to be seen now? The students do the exercise by alternat-
ing glasses with a blue and green filter.
The teacher will record students’ answers each time when the color filters 
are changed.
2. The students are going to be divided into groups of 3. The teacher will 
give them the color applications. The students will be asked to look at each 
picture and to record the number of circles they can see in each picture with 
each filter. Students should make the experiment by wearing glasses with 
one, two, or all color filters. When the students are ready, they can take off 
their glasses. The teacher will ask them:
How many circles can you see now?
Which ones are hard to be seen, and what do they have in common?
How does the background color affect your ability to see circles?
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

4. EXPLAIN 
(students communicate their findings).
Colored lenses change people’s perception of colors in the world by acting 
as filters: they absorb all colors of light except the color of the lenses. For 
example, glasses with blue lenses absorb green and red light, but allow blue 
light (and blue containing colors such as purple) to pass into the eye. As long 
as people wear blue lenses, objects that usually appear in green and red 
will become more difficult to be seen. Said in other words, when people look 
through color filters, they actually can see the world as it would look like if 
some of the basic colors of light were removed.

5. REFLECT 
(students think again about the initial question, the path taken and the actual 
conclusions)
The teacher should ask the students in the working groups to discuss and 
think over their observations from the performed activities. The students 
should be encouraged to compare their work in different groups. The teacher 
should have a look if there are any differences in the records from the stu-
dents’ observations in the different groups.

6. EVALUATE
(students’ performance is teacher and self-assessed according to a previ-
ously shared grid or set of criteria)
The teacher should have a general discussion about what the students have 
learned and what difficulties they have encountered in the explanation of 
their observations. The students should be asked if there is anything more 
they want to learn. If there are affirmative (“Yes”) answers, the teacher has 
to decide together with the students how to continue the experiment or the 
study.
The teacher has to make a summary of the knowledge.
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Tips for Teacher:

The glasses can be made of cardboard by a model. There may be a propos-
al by the students. Another option is, the students to use the frames of some 
old sunglasses. Filters of colored cellophane or a colored transparent filter 
can be cut out (respectively in blue, red and green).
The glasses will work better if the students use at least three layers of color-
ed foil. Then, the students have to glue the color filters in makeshift frames 
and they have to be careful not to cover the filters with the duct tape. 
Different colored glasses can be made in a separate lesson in applied arts. 
The teacher should tell the students that these glasses will be used in a sci-
ence experiment in the next few classes.
This activity can be carried out in different ways. For example, in addition to 
the attached templates with colors and circles, the teacher can ask students 
to find and bring color photos with their favorite flowers and shapes in ad-
vance.
The teacher should ask the students to bring some photos in different colors. 
For example:

The teacher can include the study of these photos to make the students see 
how the perceptions can change by the change of different filters.
There are some possible guidelines for further research work:
How are colors used in art?
How do colors affect emotions and health?
What are the favorite colors in the class?
What is the symbolism of colors?

Interactive tools:
Source used:
http://www.sciencefriday.com/blogs/01/31/2014/see-the-world-through-color-
filtering-lenses.html?interest=5
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Activity number: 36
Name of the  
Activity: Colour Scanner

Challenges  
addressed:
(see Annex 1)

A1, A6, D14, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[_] Arts            [x] Mathematics   

  

Number of students:   20 students 

Target Group -
Age of students:

[_] 12-14        [x] 15-18        
[_] All target groups 

Prior knowledge:
Basic knowledge of informatics and running applications on-line. Some basic 
knowledge on light physics is recommended although they will be explained 
in the activity.

Duration (minutes): 90 – 120 minutes

Materials and Re-
sources required:

YouTube videos, Lego Digital Designer software (free software), and Inter-
net connection. The project can be accomplished virtually, although it can 
be physically made with Lego EV3 set or other robotics sets as Microbit, 
Arduino, etc.

Expected results/
Learning outcomes:

Students will deepen their knowledge of light and its applications in scanning 
and artificial vision.  They will know and be able to explain, how humans see 
colours, and how we can achieve a similar result using colour sensors.

Description:

Understanding of human vision will help to understand the physics of light 
sensors. These sensors are used in many different automation systems. 
Students will implement the mechanical design of a colour scanner using 
Lego Digital Designer software (they may also construct the scanner with 
Lego EV3 blocks, if they are available). Students will program the virtual 
scanner using Microsoft Makecode EV3 simulator (if Lego Mindstorms EV3 
construction sets are available, students may program a real scanner). The 
use and understanding of a “one point (pixel)” scanner may be interpolated 
to systems with millions of pixels: it would be a good introduction for artificial 
vision. 
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE  (first activity – 25 min.)

- Students will learn about light and colours Physics.
- Video watching: there are many videos in YouTube for this subject. 
Here are proposed 2. The first one is very basic, but nevertheless it 
may be a great introduction for the activity, this is an elemental video 
about the rainbow for kids:
How is a rainbow formed?
- Second video Light and color for kids  goes deeper and introduces key 
concepts. It is up to the teacher to determine how deep they want to 
dive in the sea of Physics. 
- Experimenting: students will experiment with the help of a virtual lab in 
order to understand better, how humans perceive colour. A good envi-
ronment for this activity is: phet Colorado labs – color vision. 
- Last step of this activity is to present the functioning of a light sen-
sor (like EV3 colour sensor). This light sensor is made of a LED (light 
emitting diode) that illuminates a close surface and a photo resistor to 
measure the reflected light.

 
2. Design (second activity – 25 min.)
- Students will be familiarized with different sorts of scanners: those used in 
shops, airports, at home, etc.
- They will build a virtual scanner using virtual Lego EV3 blocks with Lego 
Digital Designer software.
- The design will fulfil these conditions:

• Due elements: a colour sensor, a trigger, a microprocessor (EV3 brick 
for instance).
• The designed scanner will be ergonomic, user-friendly, handy, eco-
nomical, and practical.

- Designs will be presented and discussed during the fourth activity.
- In the picture an example is presented:
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

3. Try (Third activity – 25 min.)
- With internet application Microsoft Makecode simulator students will simu-
late the function of the scanner. Using loops and conditional sentences  will 
program a model according to these conditions:

• The model will have a colour sensor and a trigger (this would be a 
touch sensor).
• When the trigger is pressed the model will say the colour that is meas-
ured by the colour sensor.
• According to the level of knowledge, the difficulty of the program may 
be changed. In the picture a model is presented:

4. Share (Four activity – 25 min.)
- Reflection and discussion.
- Students will present their designed models and motivate their decisions. 
They will also ask for advice and suggestions. They will analyse together, 
if the products accomplish the stated conditions: economical, user-friendly, 
practical, etc.
- A brief discussion might be introduced by this question: Would robots see 
as well as humans do? 
- Moderation of this subject may help to extrapolate the implementation of 
acquired knowledge into more complicated devices.
Students will present 3 interesting and possible utilizations of scanners in 
robotics and automation. 

Tips for Teacher: Ideally the teacher sets the groups as to eliminate any form of bullying 
amongst peers.

Interactive tools: phet Colorado labs – color vision
Microsoft Makecode simulatorMicrosoft Makecode simulator
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Activity number: 37
Name of the  
Activity: Where Can I Discover Symmetry?

Challenges  
addressed:
(see Annex 1)

A2, А3, А6, B9, D14

Subjects:
Please propose min 1 
tool per subject

[x] Science      [_] Technology        [x] Engineering
[X] Arts            [x] Mathematics   

  

Number of students:   20 students 

Target Group -
Age of students:

[x] 12-14        [X] 15-18        
[_] All target groups 

Prior knowledge: Basic knowledge about symmetry

Duration (minutes):

30-45 minutes for introduction to the topic, building (mak-
ing a structure) the approach and forming research teams 
of students.
2-3 weeks for the  projects to be developed. 

Materials and Re-
sources required:

Computer, LCD projector, internet 
paper, paint, markers
https://www.mathsisfun.com/geometry/symmetry-artist.html (Watch and train 
how symmetry works in relation to the line).

Expected results/
Learning outcomes:

Students will not only discover symmetry with respect to a line or point in 
nature and various objects in the world but will also develop the main soft 
skills - effective communication skills, teamwork, dependability, flexibility, 
leadership, problem-solving, research, creativity, work ethic.
 

Description:
We need to realize that we notice symmetry every day because we live in 
a symmetrical world. The concept of symmetry does not include architects, 
designers, weaving interiors, tailors sewing clothes and other specialists in 
the field. Symmetry is order and coherence.



Educational Tools  &  
Usability Guidelines 

- 177 -ERASMUS+ project  
2019-1-PT01-KA201-060762

Go to 
Index

A
ct

iv
ity

 n
um

be
r:

 3
7

Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
Start a discussion with students on the question, “Can we discover symmetry 
in nature and in various objects in the world?”
Give them a chance to interpret and defend their point of view. Make a short 
debriefing and conclusion: Symmetry is not only understood in mathematics. 
Without symmetry, architects cannot do without designing objects, tailors 
creating clothes, potters molding products and the like.
Explore and Discuss
Divide students into groups. Each group will need to find out how symmetry 
works with respect to the line using the reference: https://www.mathsisfun.
com/geometry/symmetry-artist.html and symmetry with respect to the point: 
https://www.mathsisfun.com/geometry/symmetry-rotational.html. 

Once each group finds out how symmetry works in terms of line and point 
then each group has to choose one of the suggested states in the world to 
look for different symmetric objects.

4. Experiment and Explain
Formulating  a research assignment 

In each state, three symmetrical objects must be discovered in nature, three 
in architecture, and three in the interior or elsewhere. At least one of the 
three objects must be symmetric with respect to the point, the other two with 
respect to the line.
In the group, students have to share responsibilities and start preparing the 
presentation with a power point or other tool.
The presentation must explain what is symmetry with respect to a point and 
symmetry with respect to a line. The country in which you searched for sym-
metrical objects must be presented.

Organize teamwork presentations. Parents may also be invited to participate, 
but teachers who have consulted the children are required to attend.

5. Reflect and Evaluate
At the end of the lesson, students fill-in an “Exit Ticket”, identifying the most 
challenging and interesting parts of the lesson as well as writing one thing 
they are still eager to clarify.
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Tips for Teacher:

This is an activity that combines a research approach and project-based 
training. The activity is a start of the research projects of the students, which 
can last different number of days or weeks. Set a deadline for students’ sur-
veys by giving them plenty of time to engage in the research.
Discuss with your colleagues (teachers) beforehand, how they can be 
involved as experts on individual students’ projects: answering questions or 
giving advice on different stages of the research projects.
Prepare questions in advance to guide the discussion.

Interactive tools:
1. https://www.mathsisfun.com/geometry/symmetry-rotational.html
2. https://www.mathsisfun.com/geometry/symmetry-artist.html
3. https://www.livescience.com/4002-symmetry-nature-fundamental-fact-hu-
man-bias.html
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Activity number: 38
Name of the  
Activity: Colour Specifications of Different Types of Teas

Challenges  
addressed:
(see Annex 1)

A2, A5, B11

Subjects:
Please propose min 1 
tool per subject

[x] Science      [_] Technology        [_] Engineering
[x] Arts            [_] Mathematics   

  

Number of students:   20 students 

Target Group -
Age of students:

[_] 12-14        [X] 15-18        
[x] All target groups 

Prior knowledge: Basic knowledge about different types of tea.

Duration (minutes): 45 minutes 

Materials and Re-
sources required:

Computer, LCD projector, internet 
Paper, pallet, brush
Different types of tea (green, black, red)

Expected results/
Learning outcomes:

Students will create a work of art using different types of teas and will pres-
ent it.

Description:
Students discuss variety of teas in the world, ways of extracting tea colour: 
duration and colour result. They learn to extract shades by mixing teas in 
different ways and use these mixtures while creating a piece of art.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
Start a discussion with students on the question, “What do I know about 
tea?”
Pay attention to various types of teas, the way they are grown, produced and 
served. Also, discuss methods of extract, duration and colours.

2. Explore and Discuss
Give the students a chance to interpret and defend their point of view. Make 
a short debriefing.

https://www.youtube.com/watch?v=OS2tMqDIYfw
https://www.youtube.com/watch?v=LaLvVc1sS20
https://www.youtube.com/watch?v=LaLvVc1sS20

4. Experiment and Explain
Divide students into groups. Each group will need to find out how a specific 
type of tea is grown, produced and should be prepared so as to experience 
its best taste. They should also pay attention to all different shades a particu-
lar type of tea might have depending on the time of extract.
Once each group finds out the required information they present it to the 
rest, compare and contrast their findings.
While working in groups, students decide what type of work of art they want 
to produce and choose different types of teas in order to gain the required 
colours.
They also get ready to present their work explaining their choice. 

5. Reflect and Evaluate
At the end of the lesson, students fill-in an “Exit Ticket”, identifying the most 
challenging and interesting parts of the lesson as well as writing one thing 
they are still eager to clarify.
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8 Tips for Teacher:

Prepare questions in advance to guide the discussion.
You may also have some examples of art works to make your students come 
up with some ideas for the final work.

Interactive tools:
1. https://www.youtube.com/watch?v=OS2tMqDIYfw
2. https://www.youtube.com/watch?v=LaLvVc1sS20
3. https://www.youtube.com/watch?v=LaLvVc1sS20
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Activity number: 39
Name of the  
Activity: Stained Glass Shapes

Challenges  
addressed:
(see Annex 1)

A2, A5, B11

Subjects:
Please propose min 1 
tool per subject

[_] Science      [_] Technology        [_] Engineering
[x] Arts            [x] Mathematics   

  

Number of students:   20 students 

Target Group -
Age of students:

[x] 12-14        [_] 15-18        
[_] All target groups 

Prior knowledge: Basic knowledge about stained glass and works by Frank Lloyd Wright.

Duration (minutes): 45 minutes 

Materials and Re-
sources required:

pencils, pens
glue sticks
tissue paper 
contact paper
scrap paper
Frank Lloyd Wright stained glass window examples
projector, computer

Expected results/
Learning outcomes: Students will create a stained glass model and will present it.

Description: Students observe some pieces of stained glass works using iNotice3 Strate-
gy, discuss variety of shapes used, create and produce their own works.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
Have students look at the shapes in the artwork and identify everything they 
can by name (ie: square, rectangle, triangle, etc.).

2. Explore and Discuss

Ask students to select one of the shapes they identified and to notice how 
many times that shape repeats within the stained glass.  
Then, ask students to notice the variations of each of the times that shape 
appears - length, width, height, colour, no colour, etc.  
Finally, ask students to notice how that shape is layered within the stained 
glass. Is the shape on top of another shape? Are there no layers? Why 
would the artist choose to do that? How did they artist use light shining 
through the window in his art choice?  

3. Experiment
Provide students with a piece of contact paper and several pieces of tissue 
paper in various colours, sizes and shapes. Ask students to include at least 1 
circle, square and triangle in their work. Using their observations from Frank 
Lloyd Wright’s work, students can create their own stained glass model by 
gluing their tissue paper sheets to the contact paper. Be sure that they de-
sign their work on a piece of scrap paper first! 

5. Explain
Have students share their stained glass window by describing the shapes 
they chose and how each of the shapes they chose are different or layered 
with each other.

5. Reflect and Evaluate
At the end of the lesson, students fill-in an “Exit Ticket”, identifying the most 
challenging and interesting parts of the lesson as well as writing one thing 
they are still eager to clarify.
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9 Tips for Teacher:

You may choose any other artist that might be better known to your students.
As the follow up activity, ask students to write a brief artist’s statement about 
their stained glass window. They can include why they selected their shapes 
and how they used them in their design, as well as how light could be used 
to showcase the shapes. 

Interactive tools: 1. https://flwright.org/researchexplore/franklloydwrightleadedglass
2. https://educationcloset.com/2014/02/11/inotice3-arts-integration-strategy/



Educational Tools  &  
Usability Guidelines 

- 185 -ERASMUS+ project  
2019-1-PT01-KA201-060762

Go to 
Index

Activity number: 40
Name of the  
Activity: Let Them Know Your Idea

Challenges  
addressed:
(see Annex 1)

A1, A4, A5, B11, D14, E17

Subjects:
Please propose min 1 
tool per subject

[_] Science      [x] Technology        [_] Engineering
[x] Arts            [x] Mathematics   

  

Number of students: 16 students

Target Group -
Age of students:

[x] 12-14        [_] 15-18        
[_] All target groups 

Prior knowledge:
Basic programming skills using MIT Scratch platform
Layers use in picture editing programs (For its simplicity it is advised to use 
Paint.net. Other software as Gimp or Photoshop may be used.) 

Duration (minutes): 180 (4 lessons)

Materials and Re-
sources required:

Eight PC connected to the internet with picture editing software Paint.net 
(Gimp, Photoshop may be also used).
MIT Scratch programming platform accounts.

Expected results/
Learning outcomes:

- Critical thinking searching in the internet: copyrights, royalty free material, 
ethical issues, possible dangers.
- Basic understanding of advertising technics.
- A questioning of ethical issues around advertising.
- Basic understanding of the effectiveness of colours and animation to attract 
the attention of people.
- Basic photo digital editing skills.
- Basic loops programming skills.
- Ability to integrate news and software to achieve a product.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
Show with examples the power of animated and coloured words. Think, how 
we can communicate ideas and values.

2. EXPLORE AND DISCUSS 
Find examples of advertising with animations: YouTube, the bus, airports, 
television programs. Discuss about those examples. Pay attention to ethical 
issues, for instance, is it true, what they say? Pay also attention to colours, 
design, and duration.
Discuss, what you would like to communicate and where.

3. EXPERIMENT 
start from 2 words and design the environment for the advertisement. Find a 
good picture in a royalty free photo stock in the internet. Edit it to be a good 
background and make a transparent layer on which you will show your ani-
mation. Try different designs and choose the best.
Load in Scratch the background. Create the slogan´s words or letter as 
sprites. Calculate the coordinates for your animated sprites. Program loops 
for movement change of colour and appearance.
Try different possibilities and choose the most effective. Ask other people for 
opinion. Save the product in a video format.

4. EXPLAIN
show the product at class. Make a pool in order to know the effect of the 
advertisement.
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Description:

Main task: using Scratch programming platform, create an animation to com-
municate an idea.
The idea shall be a value or a social advertisement. Examples: “Be kind”, 
“Respect nature”, “I care”, etc.
Students shall choose the idea, discuss about it, and agree about the final 
slogan words. They may search in the internet and edit the background of 
their advertisement (it may be a television, a screen on the top of a building 
or in an airport, a screen in a bus, and so on).
The edited background photo will be used as an sprite in Scratch 
With Scratch students may program their slogan design, animation and show 
loop.
At the end all participants will show their product and discuss the process 
and result.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

5. REFLECT
share the result of the pools and discuss the results. How was the idea trans-
mitted? What could be done in other way? Is it related to some professions? 
Would you like to work in this field of communication, design and program-
ming?

6. EVALUATE
the evaluation criteria would have two parts. The technical would be accord-
ing to the advertisement technical specifications: duration, number of letters/
words, effects, movement.
Second part would be related to effectiveness of the advertisement: design, 
quality, relation between idea and result.
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Tips for Teacher:

 1. Define specifications for the result.
 2. Make a clear workflow, for instance: choose the idea, express 
the idea, find a background, and edit the background…
 3. Plan the time for every activity.
 4. Scratch has a tutorial about letters animation. It may be a previ-
ous activity for the students.
 5. Prepare questions for the discussions.

Interactive tools:

Free online resources:
 - pixabay.com (free images stock)
 - https://www.getpaint.net/ free software for Digital Photo Editing
 - https://scratch.mit.edu/ free programming platform for kids
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Activity number: 41
Name of the  
Activity: Geometric Shapes  In Our Environment

Challenges  
addressed:
(see Annex 1)

A2, А3, А6, B9, D14

Subjects:
Please propose min 1 
tool per subject

[_] Science      [_] Technology        [_] Engineering
[x] Arts            [x] Mathematics   

  

Number of students: 20 students

Target Group -
Age of students:

[x] 12-14        [_] 15-18        
[_] All target groups 

Prior knowledge: Basic knowledge of geometric shapes.

Duration (minutes):
30-45 minutes for introduction to the topic and forming 
research teams of students. 
2-3 weeks for the projects to be developed.

Materials and Re-
sources required:

Computer, LCD projector, Internet 
paper, paint, markers

Expected results/
Learning outcomes:

Students will realize that we notice different geometric shapes and spatial 
shapes on a daily basis because we live in a world made up of different 
geometric shapes.
Students will also develop the main soft skills - effective communication 
skills, teamwork, dependability, flexibility, leadership, problem-solving, re-
search, creativity, work ethic.

Description:
Possibility to notice and recognise geometric shapes in the world around us 
will increase students’ motivation in learning maths. What is more, it will also 
increase their curiosity and encourage them to look for the ways to apply the 
theory learnt at school in the daily life.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE
Start a discussion with students on the question: “What are the most com-
mon geometric shapes and spatial shapes you see in your surroundings?”
Give them a chance to interpret and defend their point of view. Briefly de-
scribe and conclude: geometric shapes and dimensional shapes are found 
not only in mathematics. Architects cannot do without geometric shapes 
when designing buildings, designers when creating and sewing clothes, and 
so on.

2. EXPLORE AND DISCUSS
Divide students into groups. Each group will have to find and name what 
geometric and spatial figures they notice in the given objects:
https://www.camping.lt/lt/lankytinos-vietos/pazaislio-vienuolynas; https://ex-
ploretrakaivilnius.lt/lt/pilys-ir-piliavietes/traku-salos-pilis

3. EXPERIMENT
Each group, naming geometric and spatial figures which they noticed in the 
presented objects, has to choose one European city and discover geometric 
and spatial figures in famous buildings, nature, works of art.

At least three prominent objects must be found in which group members 
must name geometric and spatial shapes. There must also be at least three 
objects from nature in which the figures can be clearly identified and two 
selected objects (works of art, artefacts or other) in which the name of the 
figure can be clearly identified.

In a group, students have to share responsibilities. Start preparing your pres-
entation using PowerPoint or another tool.
The presentation must explain how the geometric figure differs from the 
three-dimensional geometric figure. The city in which you searched for ob-
jects made up of geometric shapes must be listed.

4. EXPLAIN
Organize teamwork presentations. Parents may also be invited to participate.

5. REFLECT AND EVALUATE

At the end of the lesson, students fill-in an “Exit Ticket”, identifying the most 
challenging and interesting parts of the lesson as well as writing one thing 
they are still eager to clarify.
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Tips for Teacher:

Interactive tools: https://www.camping.lt/lt/lankytinos-vietos/pazaislio-vienuolynas
https://exploretrakaivilnius.lt/lt/pilys-ir-piliavietes/traku-salos-pilis
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Activity number: 42
Name of the  
Activity: A Dream House

Challenges  
addressed:
(see Annex 1)

A1, A2, A6, B9, B11, C12, D15, E17, E18, E19

Subjects:
Please propose min 1 
tool per subject

[_] Science      [_] Technology        [x] Engineering
[x] Arts            [x] Mathematics   

  

Number of students: 20 students

Target Group -
Age of students:

[x] 12-14        [_] 15-18        
[_] All target groups 

Prior knowledge: - Drawing of geometric shapes and calculation of their areas and perimeter.
- Basic understanding of using IT applications for drawing/designing

Duration (minutes): 60 minutes

Materials and Re-
sources required:

Required materials for every student or a group of students:
- A3 format sheet
- pencils, ruler, angle and calculator
- computer with the Internet connection

Expected results/
Learning outcomes:

- The students will be able to apply their prior knowledge and abilities so as 
to make proper calculations, plan and design their dream house.
- At the end of the process, students will present their dream house. When 
presenting the project, they must demonstrate both the exterior view of the 
house as well as its inside. 
NB: Detailed drawings and area calculations must be made for the house 
plan.

Description:

During this activity the students will make calculations, use their engineering 
and designing skills in order to prepare a detailed plan for their dream house. 
They may begin by making a draft on the paper or might straight away use 
the Floor Plan Software: Room Sketcher.
Finally, they have to present their project giving a detailed description and 
argumentations.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE
Show students different types of houses, for example an igloo, a palace, 
a hut, a block-of- house etc., and ask them what all these pictures have in 
common.

Then, using a mind map, brainstorm, what ideas students have when they 
are asked to describe a dream house.

Finally, tell them that today they are going to be architects, engineers and 
designers and are going to create a plan for their dream house.

2. EXPLORE AND DISCUSS
Students may work individually or you may put them in groups.

Firstly, students decide what they are going to begin with: to plan exterior or 
interior of the house. 
Then, based on the decision, they proceed with planning, calculating and 
drawing (drawings may be done on a computer or on paper). 
They might need to recalculate and to redesign their plan till they achieve the 
desired result.

There are different programs that might be used, however, we do recom-
mend Room Sketcher as it is free and easy to use.

3. EXPERIMENT / EXPLAIN
While creating their project, students should decide on materials, rooms and 
furniture. They should be able to give arguments to support their decisions.
They are free to arrange the rooms, appliances and furniture in any way they 
want to, however, they should meet the requirements for the buildings in the 
certain area. (Scaffolding: recommend them to see what is indicated in the 
Building Regulations).

5. REFLECT 
After completing the drawings and calculations, students should reflect on 
their workflow and evaluate what difficulties they have encountered and how 
they have managed to overcome those difficulties. 

6. EVALUATE
Formative assessment is recommended.
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Tips for Teacher:

Students can choose how to carry out a dream house project (can do it indi-
vidually - each on their own or with a friend or friends).
A brief introduction to the Building Regulations might be prepared so that stu-
dents could avoid some mistakes while designing their houses.
It might be useful to introduce students to the Room Sketcher beforehand.

Interactive tools:
 https://www.roomsketcher.com/floor-plans/floor-plan-software/
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Activity number: 43
Name of the  
Activity: LET CULTURE ENLIGHTEN YOUR LIFE

Challenges  
addressed:

(see Annex 1)
A3, D15, E18

Subjects:
Please propose min 1 
tool per subject

[_] Science      [x] Technology        [_] Engineering
[x] Arts            [_] Mathematics   

  

Number of students: from 5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: No specific knowledge required

Duration (minutes): About 180 minutes 
It can be carried out both in one or more days depending on the time availa-
ble and the age and number of students.

Materials and 
Resources required:

Lab tools:
- 1 A4 laser cutter for cardboard and/or plexiglass or 3D Printing  (in the 
absence of such equipment students can also use free of charge cutting 
services offered by fablabs of the territory). 
(at least one for each group of students)
-  PCs with the standard software for graphic composition of images, texts 
and WordArt.
- Electrical equipment for the creation of  lamps.
- A4 sheets of cardboard or plexiglass to carve.
- Hot glue, paper, colours and scissors.

Expected results/
Learning outcomes:

Students will:
- Learn how to create a perfectly customised lamp themselves.
- Tie personally relevant topics, words and images to educational content.
- Set specific goals and clearly define the steps to take.
- Share responsibility and compromise by working on group projects that 
incorporate multiple disciplines.
- Engage in creativity, communication, and collaboration.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE
Teachers can write on the board some literary genres and the names of 
famous writers and books. Students are given a few minutes to sort  the 
names into the various literary categories and then to brainstorm the book or 
literary genre they particularly like and want to deal with in the activity or to 
find out about.

2. EXPLORE AND DISCUSS
In the library: students are invited to wander around the various sections 
of the library and to divide into groups, one for each section. Each student 
chooses one or more books from the section and then, as groups, pupils 
discuss the selected books in order to pick the sentence or a collage of the 
most remarkable phrases and images of the genre that identifies their team.
In case a school library is not available, students can gather information 
from online national libraries and this phase of the activity can be carried out 
online.

3. EXPERIMENT / EXPLAIN
Groups are back at the workshop and together create the image of their 
lampshades in which they insert the selected sentences and images adapt-
ing the proportions of empty and full spaces to the brightness of the lamp 
and to the possibility of laser-cutting the chosen material. (https://www.tinker-
cad.com/things/5SkIKg2eAF6-periodic-table-wrapped-into-a-spiral-cylinder
https://www.tinkercad.com/things/hHUba3I8Ny2-lampshade
https://www.tinkercad.com/things/aoeSP0neo93-lampshade
https://www.tinkercad.com/things/gVD70M15o1S-the-flash-lampshade-by-sa-
vannah
and
https://www.youtube.com/watch?v=Eex-yYgDzmc  http://bit.ly/2tkm39Y)

The designed lampshades are cut (if laser cutters are not available at school, 
students can have the lampshades cut in a fablab of the district which the 
school has previously made agreement with). 

Description: Using sentences or drawings taken from books, students design a lamp-
shade and then build a desk lamp in the workshop.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Students are back to the laboratory where they find all the components to use in 
order to create the designed lamps.
Students build their lamps. (https://www.youtube.com/watch?v=oSNIDt5O4GA)

4. EXPLAIN
Get students to present their lamps to the class. Each group is given 3 minutes to 
present and advertise their work of art to their classmates using the elevator pitch 
technique. Elevator pitch is a term used to describe a brief speech that outlines 
an idea for a product, service or project. The name comes from the notion that 
the speech should be delivered in the short time period of an elevator ride, usu-
ally 20-60 seconds. Venture capitalists use the quality of the elevator speech as 
a way to judge whether to take on an idea. An elevator pitch should include why 
your product, idea or project is worth investing in by explaining such things as the 
features, benefits and cost savings.

5. REFLECT
Students can be asked questions such as: 
What part of your project are you most proud of? Why? 
What is your favourite thing about your lamp?
If you had more time, what improvements would you make to your project?

6. EVALUATE
Giving a score from 1 to 10, each participant should assess:

1- The project’s result according to:
- Functionality: the correspondence between the planning and the output
- The design of the lamp
- Teamwork and organization
- Presentation and communication skills
- Time management

2- Themselves, according to:
- Cooperation 
- Active participation and initiative
- Positive and open-minded approach
- Presentation and communication skills
- Creativity
- Problem-solving

Also, teachers assess the project-work evaluating the same above-mentioned 
categories in order to share the results of the assessment with the class and 
provide students with plans for improvement of their skills, if any.
A grid for self and teacher’s assessment can also be used.
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Tips for Teacher:
This section can become part of the Guidelines as an introduction to the Activi-
ties.

Interactive tools:

Interactive tools: softwares to design models for laser cutting and for the editing 
and the graphic composition of texts, images and WordArt
https://www.tinkercad.com/
https://tamasoft.co.jp/pepakura-en/howtouse/overview/overview.html#modeling
Free 3D modeling tools can be found here:
https://all3dp.com/1/best-free-3d-modeling-software-for-beginners/
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Activity number: 44
Name of the  
Activity:

OUR ARTMENTED REALITY - if you can’t go out
and look at the beauty of your city, then take it home with you

Challenges  
addressed:
(see Annex 1)

A1, D14, E18

Subjects:
Please propose min 1 
tool per subject

[_] Science      [x] Technology        [_] Engineering
[x] Arts            [_] Mathematics   

  

Number of students: from 5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: No specific knowledge required

Duration (minutes):
About 180 minutes 
It can be carried out both in one or more days depending on 
the time available and the age and number of students.

Materials and Re-
sources required:

Lab tools:
 (at least one for each group of students) 
- PCs equipped with softwares for standard photo, video processing and zappar 
editing

Expected results/
Learning outcomes:

Students will:
- Learn about the area where they live in order to appreciate and preserve its 
beauty
- Set specific goals and clearly define the steps to take
- Make decision in groups
- Develop and present a persuasive argument using communication tools
- Engage in  creativity, communication, and collaboration.

Description:
Students create a “zappar code” of the most amazing place in their neighbor-
hood: they describe something of their area that they want to preserve and show 
to the world through their own eyes
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE
Students are given questions about their neighbourhood: 
-Do you like it? Why? Why not? 
-What are the most representative spots/monuments/places of your area? Why? 
-If you had to show them to a foreigner, how would you represent them?

They are also shown pictures and videos of the most popular places in the school 
neighbourhood, and then they are asked to guess what the goal of their pres-
entation is and what it should include.

2. EXPLORE AND DISCUSS
Students are divided into groups and they are given a set time to
explore the territory with the aim of choosing a monument, a statue or a particu-
lar area of their neighborhood they consider so beautiful that they really want to 
take it home. Then the various groups, as a class, have a short briefing of their 
ideas in order to choose the central image and the name of the augmented (or 
better Art-mented) reality task. The teams walk around the neighborhood again in 
order to gather as much information as possible about the chosen Art-Item: visual 
documentation (i.e. photographs and videos), interviews with the people of the 
neighborhood, etc. 
The activity takes place partly outdoors and partly in the workshop: it would be 
better to carry out the outdoor task close to a monument, a historic and artistic 
beauty or a museum.

3. EXPERIMENT
Students come back to the workshop and process the previously gathered 
information by creating slideshows of photos, re-edit the video interviews, create 
computer-aided drawings, scan them, etc. These activities, carried out by pupils 
split in smaller sub-groups, depend on the material at their disposal and on their 
imagination and creativity. 
Using the https://zap.works/education/ they upload all the materials produced by 
the various sub-groups on their zappar code.

4. EXPLAIN
Students communicate their findings: the zappar codes are printed and the final 
work is presented to the local community (on the occasion the zappar codes are 
distributed on the mobile phones https://zap.works/zappar-app/  of those who 
want to take home the beauty of their neighborhood).
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

5. REFLECT 
Students can be asked questions such as: 
What part of your project are you most proud of? Why? 
What is your favourite thing about your lamp?
If you had more time, what improvements would you make to your project?

6. EVALUATE
Giving a score from 1 to 10, each participant should assess:

1- The project’s result according to:
- Functionality: the correspondence between the planning and the output
- The impact of the Art-mented work of art on the audience
- Teamwork and organization
- Presentation and communication skills
- Time management

2- Themselves, according to:
- Cooperation 
- Active participation and initiative
- Positive and open-minded approach
- Presentation and communication skills
- Creativity
- Problem-solving

Also, teachers assess the project-work evaluating the same above-men-
tioned categories in order to share the results of the assessment with the 
class and provide students with plans for improvement of their skills, if any.
A grid for self and teacher’s assessment can also be used.

Tips for Teacher:
This section can become part of the Guidelines as an introduction to the 
Activities.

Interactive tools:
Interactive tools: PCs equipped with softwares for standard video processing 
and zappar editing- 
https://zap.works/education/
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Activity number: 45
Name of the  
Activity:

OUR PERSONAL WEATHER STATION - LET’S CREATE OUR 
TEMPERATURE COMPASS NOT TO FORGET THAT MONITOR-

ING THE CLIMATE IS ESSENTIAL TO OUR LIFE
Challenges  
addressed:

(see Annex 1)
 B10, D16, E17

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [_] Engineering
[_] Arts            [x] Mathematics   

  

Number of students: from 5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: -Basic skills in mathematics/technology 
-Basic use and understanding of Micro:Bit and MakeCode

Duration (minutes):

180  for a minimal project;  480 for an extended project
It can be carried out both in one or more days depending 
on the time available and the age and number of students. 
Teachers may decide to continue the project throughout 
the school year by recording, representing and analyzing 
the measurements taken over time.
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Materials and Re-
sources required:

Required Materials (at least one for each group of students):
-PC
-Internet connection
-Micro:bit 
- scissors and paper

Optionally for the extended project age 15 and up
- servo motor (https://www.etchkshop.com/products/mini-360-degree-contin-
uous-rotation-servo-for-the-bbc-micro-bit, 
Micro:bit IO Expansion board (https://www.amazon.it/gp/product/
B07PNL41PZ/ref=ppx_yo_dt_b_asin_title_o00_s00?ie=UTF8&psc=1)
- female-to-male dupont wire (https://www.amazon.it/Elegoo-Cavet-
ti-Maschio-Femmina-Raspberry/dp/B01N40EK6M/ref=asc_df_B01N40EK-
6M/?tag=googshopit-21&linkCode=df0&hvadid=103297244219&hvpos=&h-
vnetw=g&hvrand=15755294025964926568&hvpone=&h-
vptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=1008736&h-
vtargid=pla-348548769489&psc=1)
- DHT 11 Temperature and Humidity Module (https://www.amazon.it/
DHT11-temperatura-sensore-confezione-compatibile-Raspberry/dp/
B07L83K6CF)

Expected results/
Learning outcomes:

The activity helps students to:
  deepen the scientific method of research
  experience the use of technology at the service of man
  compare and raise awareness on the theme of global warming 
  engage students in research, analysis, writing, and reflection
  Encourage the creative use of technology in learning
  Support creativity, communication, and collaboration

Description:
Students use Micro:Bit to create their temperature compass: an environmen-
tal thermometer and/or weather station in order to monitor the air tempera-
ture on the earth’s surface like in a real weather station.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE
Discussion can be stimulated by comparing a thermometer for baking and 
one for people and asking some questions such as:
- What is this object?
- What is it for? 
- What is temperature? 
- Who and why established the scale of values from 35° to 40° for human 
beings?
- Why is 37.5° considered a normal temperature for people and above is it 
altered? 
- What about our planet? How can meteorologists state if temperatures 
measured in a season are good or extreme? 
- What do meteorologists evaluate to measure out the earth’s temperature?
Through these questions teachers introduce some physical and thermody-
namic concepts such as the definition of temperature, thermal scale and 
temperature measurement
https://www.youmath.it/lezioni/fisica/termodinamica/3666-temperatura.html 
(Italian)
https://www.youtube.com/watch?v=tfE2y_7LqA4 (English)
At the end of this phase the project is presented: students should build a 
thermometer to assess if the earth has a fever!

2. EXPLORE AND DISCUSS
In the second phase of the project, students’ attention is focused on climate 
and meteorology. They are asked to carry out a research project on the 
factors measured by meteorology (https://www.nationalgeographic.org/ency-
clopedia/weather/).
With the aim of identifying the correct thermometric scale to be used for the 
creation of one’s own thermograph with reliable maximums and minimums, 
participants are asked to study the climatic trend of the planet and in particu-
lar of their district in recent decades.
At the end of the research a discussion on global warming will be elicited. 
The following videos are useful to stimulate reflection on:

Global temperatures:
https://www.youtube.com/watch?v=wFKpneUZi_s
https://www.youtube.com/watch?v=EtW2rrLHs08
https://www.youtube.com/watch?v=gXXOkhoki8s
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Global temperatures area by area:
https://www.youtube.com/watch?v=7RygVNrKMs0
https://www.youtube.com/watch?v=-yIHxOui9nQ
Maximum and minimum temperatures recorded in their city (e.g. Rome) over 
the years:
https://it.wikipedia.org/wiki/Stazione_meteorologica_di_Roma_Urbe#Dati_cli-
matologici_1971-2000
At the end of the discussion the group will get a clear idea about the thermo-
metric scale to be used in their “planet temperature compass”.

3. EXPERIMENT
In the third part of the project students build the temperature compass.
SHORT VERSION - If the time available is short then the activity will be done 
only in one step:
Micro:bit core programming is used to measure the temperature:
Students can:

1 - watch the video tutorials and projects that the Micro:bit platform 
offers: https://www.youtube.com/watch?v=-fZm1JCvxlE and https://mi-
crobit.org/projects/make-it-code-it/thermometer/ 
Other tutorials can be easily found on the Internet by using such key-
words as ‘Micro:bit’ or ‘thermometer’.
2- replicate the project first by using the simulator (https://makecode.
microbit.org/#) and then by connecting the microbit to the computer.
3- eventually adapt the algorithm to the temperature scale previously 
identified for their climate zone.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

EXTENDED VERSION
If time permits, our compass can be enriched with the creation of a real tem-
perature display.
Participants can be divided into three groups, one of them performing step 
1 (i.e the short version path) and the other two performing steps 2 and 3. At 
the end (step 4), they assemble everything and take the measurements all 
together as a class. 

2. Cardboard, scissors and coloured pencils are used to create the compass 
display. Students take a cue from the oven thermometer in order to represent 
the previously identified scale of values and create the display inside which 
the hand marking the temperature moves. This phase of the activity particu-
larly suits SEN students.

3. Students place the temperature scale and calculate  
the correct matching between the degrees of external  
temperature and of the circumference on which to  
point the hand. For example in the picture 20°C  
corresponds to the pointer at 45 degrees on the  
circumference.

4. Attaching Micro:Bit to the servo motor:
using additional items, students hook the servo motor component to the 
microbit (the following video tutorial is just an example of those available on 
the web):
https://www.youtube.com/watch?v=Xn0X0lQjz2s)

5. Eventually all the groups meet again and assemble everything:
a) They join the display to the servomotor (making a hole in the center 
of the display to let the end of the servo motor pass through and then 
attach the hand as if they were assembling a clock face) .
b) They insert the correct value scales within the temperature detector 
to code the rotation of the hand according to the measured temperature 
and to the scale planned in phase 2 EXPLORE AND DISCUSS.

The compass is to be tested in environments with different temperatures.
In order to be real meteorologists, participants need to know how meteorolo-
gists measure the air temperature on the land surface: 
>> It is the surface air temperature, measured in an area sheltered from the 
winds, at about 1.5 m in height. <<
Then they correctly position the compass and carry out the survey .

This could become a permanent project in the classroom. Students can 
measure and record temperatures daily and finally make a comparison with 
the seasonal average temperatures of the area.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

4. EXPLAIN 
The teams are asked to pitch and show the final results providing a practical 
demonstration of how their objects work at different outdoor temperatures 
(measured 1.5 meters above the ground!).

5. REFLECT 
Each group develops a short report on the activity, presenting the group’s 
decision-making process, the divisions of tasks, the role of the supporting 
teacher and the lessons learnt.
Teachers have the students discuss altogether by asking the following ques-
tions: 
Who is curious to learn more about some of the topics discussed?
Is there still something missing from the project?
Is there something that can be added to the project?
Shall we continue to use the temperature compass in our class to monitor 
weather?

6. EVALUATE
Giving a score from 1 to 10, each participant should assess:

1- The project’s result according to:
- Functionality: the correspondence between the planning and the output
- The design of the weather compass
- Teamwork and organisation
- Presentation and communication skills
- Time management

2- Themselves, according to:
- Cooperation 
- Active participation and initiative
- Positive and open-minded approach
- Presentation and communication skills
- Creativity
- Problem-solving

Also, teachers assess the project-work evaluating the same above-men-
tioned categories in order to share the results of the assessment with the 
class and provide students with plans for improvement of their skills, if any.
A grid for self and teacher’s assessment can also be used.
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Tips for Teacher:
This section can become part of the Guidelines as an introduction to the 
Activities.

Interactive tools:
Useful resources:

Instructions for the programming of Micro:bit https://makecode.microbit.org/
courses/csintro/binary/activity 
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Activity number: 46
Name of the  
Activity: Personal Rangefinder

Challenges  
addressed:
(see Annex 1)

A5, E17

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [_] Engineering
[_] Arts            [x] Mathematics   

  

Number of students: from 5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: Basic skills in mathematics/technology.
Basic use and understanding of Micro:Bit and MakeCode.

Duration (minutes): 240

Materials and Re-
sources required:

Required Materials (at least one for each group of students):
- Micro:Bit 
- HC-SR04 3V or HC-SR04 5V.
- Piezo Buzzer 
- Edge Connector Break Out Board for BBC microbit
- BBC microbit, USB Cable and Battery Pack
- Prototyping Breadboard and Mounting Plate
- Jumper Wires (Female to Male)
- 3xAAA Battery Pack with JST Connector

(Most of these (with the exception of the 3xAAA Battery Pack) are included 
in the BBC Micro:bit Inventor’s Kit.)

- PC
- Internet connection
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Expected results/
Learning outcomes:

The activity aims at realising a wearable rangefinder to measure the distanc-
es in order to indicate, with sounds of various intensity, the presence of an 
object and/or a person and their distance.
Since a sonar is used, the activity introduces such topics as waves, fre-
quency and radiation. (A very simple explanation on wave physics can be 
found in the following tutorial from minute 0.56 https://www.youtube.com/
watch?v=Re3H2ISfQE8 ).
The project is useful for experimenting with the measurement system and 
can be used also as an introduction to acoustics and the physics of sound 
both from a theoretical point of view focusing on the following aspects:
  production mechanisms
  propagation
  reception
  reproduction 

It also benefits learners from a technical and experimental perspective based 
on the propagation of sound waves as a means to calculate the distances 
between objects.
The activity can be carried on through a theoretical and practical comparison 
between mechanical sound waves and electromagnetic waves thanks to 
further experiments involving the use of the Micro:Bit bluetooth component 
Various examples can be found below: https://microbit.hackster.io/projects/
tags/bluetooth
https://microbit.hackster.io/projects/tags/bluetooth
https://www.mastropaolo.net/microbit/comunicare-con-micro-bit)
Moreover, this is an introductory lesson to develop the knowledge of the 
propagation of waves from sound to electromagnetic ones and it is also a 
starting point to have students discuss the controversial and very hot topic of 
radiation emitted by 5G technology.

https://www.nationalgeographic.com/science/2019/11/will-5g-wreck-out-
weather-forecasts/
If assigned to groups this activity also helps to:
  Engage students in research, analysis, writing, and reflection.
  Encourage the creative use of technology in learning.
  Support creativity, communication, and collaboration.

Description: Students use Micro:Bit to create their personal rangefinder.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE
The following video from the film “The Hunt for Red October” can be used to 
introduce SONAR and its use in submarines to calculate distances: https://
www.youtube.com/watch?v=AiBC2Zqw6qQ 
https://www.youtube.com/watch?v=PWU9g1Fce3U&list=PLBc7hTzkH1Ii-
KUgVFoNha3AJDw8ULftua&index=1
It is also an opportunity to investigate the historic events and students can be 
asked to run a search on the birth of the ASDIC and SONAR used to defeat 
the German U-BOOTS during WW2 (https://en.wikipedia.org/wiki/Battle_of_
the_Atlantic).
Students may also be introduced to the U-BOAT simulation game https://
uboat.net/allies/technical/asdic.htm
or to the listener room game
https://steamcdn-a.akamaihd.net/steam/apps/494840/ss_e3e70957ffdf-
f57eeeb170fb6bf0a079ef3fd83a.jpg?t=1594115787

2. EXPLORE AND DISCUSS
To further explore the topics so far covered, you can move on to the ques-
tion: Does sound travel faster in water or in air?
Then you can have students do a search on the formulas for calculating the 
distances through sonar, first in water and then in air starting from the phys-
ics of mechanical waves: http://www.treccani.it/enciclopedia/sonar_%28Enci-
clopedia-dei-ragazzi%29/
Through this link they can also find the formulas applied by the HC-SR04 
sensor they will be using: https://www.teachwithict.com/hcsr043v3.html
Further questions can be: Do you think sonar is outdated today? 
You can also ask students to find out more about who uses sonar today and 
what for (you can use this link to let kids discover the use not only of the 
echo sounder in fishing, but also of sonar for catching the sound of whale 
songs
https://www.youtube.com/watch?v=RyQ4UhctQQ0 and of sonar for 
leading bats in caves https://www.facebook.com/giardinodialbert/vide-
os/2526479310712505)
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

3. EXPERIMENT
In the third part of the project, students are asked to carry out their personal 
rangefinder .

Step 1.
Using the Micro:bit and the sonar add-in and following the steps as indicated 
in one of the following tutorials: https:/www.teachwithict.com/hcsr043v3.html
or https://www.teachwithict.com/hcsr045v.html

they connect the sensor to the microbit and encode to make sure that dis-
tances are measured and appear on the microbit display.

Step 2. 
Then, by hooking the buzzer to the microbit (an example can be found in the 
following tutorial: https://www.hackster.io/anish78/piezo-buzzer-with-bbc-mi-
cro-bit-b0fc27#) and using the indicated code, the issue of a musical note is 
associated with an obstacle. 

Step 3.  
So far students have created the tools they need to improve the rangefinder. 
They are asked to modify the code in order to adjust the volume of the melo-
dy in inverse proportion to the distance measured by the sonar sensor.

Step 4. 
Students can be divided into groups and some participants work on design-
ing an accessory to simply wear the rangefinder around the neck as in this 
photo:

or in any other way they may find, led by their imagination.

or around the wrist: https://www.
youtube.com/watch?v=5kVCc7GX-
Dgs&list=PLXFc50EcCr4zM2IePr3qm-
Rlr3Rs9nu_bl&index=19  
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

4. EXPLAIN 
To show how their product works, following the bat-theme, students can join 
the bat game, a kind of “reversed” hide-and-seek. Two teams are formed, in 
turn a participant per team is chosen to perform the role of the bat. Blindfold-
ed, s/he is to wear the rangefinder.
The aim of the game is to reach the finish line managing to avoid all obsta-
cles only with the help of the different intensity of the sound emitted by the 
rangefinder. 
Some members of the opposing team can make the game more difficult by 
moving randomly around the rangefinder and trying to escape the sonar 
cone while attempting to obstruct the bat’s path.
This activity is great fun and it’s also very inclusive.

5. REFLECT
Each group develops a short report on the activity, presenting the group’s 
decision-making process, the divisions of tasks, the role of the supporting 
teacher and the lessons learnt.
Teachers have the students discuss altogether by asking the following ques-
tions: 

• Who is curious to learn more about some of the topics discussed?
• Is there still something missing from the project?
• Is there something that can be added to the project?
• Can you think about any further practical implementation of our 
rangefinder?
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

6. EVALUATE
Giving a score from 1 to 10, each participant should assess:

1- The project’s result according to:
- Functionality: the correspondence between the planning and the output.
- The design of the rangefinder
- Teamwork and organisation
- Presentation and communication skills
- Time management

2- Themselves, according to:
- Cooperation 
- Active participation and initiative
- Positive and open-minded approach
- Presentation and communication skills
- Creativity
- Problem-solving

Also teachers assess the project-work evaluating the same above-mentioned 
categories in order to share the results of the assessment with the class and 
provide students with plans for improvement of their skills, if any.
A grid for self and teacher’s assessment can also be used.
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Tips for Teacher:
This section can become part of the Guidelines as an introduction to the 
Activities.

Interactive tools:

Useful resources:

Instructions for the programming of the micro:bit https://makecode.microbit.
org/courses/csintro/binary/activity 

A led rather than a buzzer can be used as shown here: 
https://www.instructables.com/id/Distance-Sensing-With-the-Microbit-and-
Sonar-HC-SR/
or
https://osoyoo.com/2018/09/18/micro-bit-lesson-using-the-ultrasonic-module/
or 
https://www.youtube.com/watch?v=2fIQkDtif9k&feature=emb_rel_end
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Activity number: 47
Name of the  
Activity: MOVE-CLOSER TOOL – a two-wheel dream

Challenges  
addressed:
(see Annex 1)

A2,  A4,  D14

Subjects:
Please propose min 1 
tool per subject

[_] Science      [x] Technology        [x] Engineering
[_] Arts            [_] Mathematics   

  

Number of students: from 5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [x] 15-18        
[_] All target groups 

Prior knowledge: Basic use and understanding of Micro:bit and MakeCode.

Duration (minutes): From 240 to 360, better split into two days.

Materials and Re-
sources required:

  3D Printer 
  PC
  Internet connection
  1  DotBot (reference to: https://www.maffucci.
it/2017/09/14/e-nato-dotbotbit-didattica-della-robotica-con-microbit/ )
To create DotBot:bit you need:
n 1 Micro:bit
n. 1 Servo:lite board from Kitronik
n. 2 FS90R micro continuous rotation servo
n. 2 wheels for FS90R 60mm x 8mm
n. 2 glass marble (16 mm)
n. 4 screw M3 da 10 mm
n. 4 nuts M3
n. 4 screw da 2 mm 

for Remote Control with Micro:bit radio:
n.1 micro:bit
n.1 Servo:lite board from Kitronik

If a 3D printer is not available, you can skip Step 1 of the experiment phase 
by purchasing all the components of a Micro:bit with wheels (such as Move 
Mini Buggy Kit for BBC Micro).
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Expected results/
Learning outcomes:

Students will experience:
- Teamwork in order to create an object out of nothing .
- The work of a Ferrari team engineer: how he thinks, creates and continu-
ously transforms his car to improve its performance.
- Support creativity, communication, and collaboration.

Description:
From planning to creating students explore all the steps to create a ra-
dio-controlled car that brings their messages to those who are at a safety 
distance.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE
The activity can be introduced by asking students to see and comment on a 
photo of Enzo Ferrari  and some of his famous quotes:

“If you can dream it you can do it.”
“You can’t describe passion, you can only live it.”
“It’s our dreams that carry us on. Our destiny is mainly in our hands, provid-
ed that we clearly know what we want and we strive to achieve it.”

2. EXPLORE AND DISCUSS
Then you can ask the participants to investigate the job of the automotive en-
gineer (useful videos on the Italian Motor Valley: 
https://www.youtube.com/watch?v=tAUDgnKitrA
https://www.youtube.com/watch?v=Lfqr8vae9v4
https://www.youtube.com/watch?v=y7u5ONld_wU) in order to have students 
reflect on the importance of interdisciplinary study (STEAM) involving Infor-
matics, Physics, Mathematics, etc.
After this debate and before starting the experiment, students are asked to 
get into three groups: 

- Design Team: to create the 3D design of the car frame using a 3D 
printer.
- Electronics  Team: to assemble the engine to the chassis and to the 
cyclical structure.
- Coding Team: to write the code for the automation and the machine 
remote control.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

3. EXPERIMENT
The experimental phase starts with STEP 1 and 2 during which the three 
teams work in parallel and then the groups work together again in STEP 3.
 
STEP 1 – Implementation
Design Team: draws not only the parts of the car frame (downloadable ma-
terials and useful videos on the following link - lesson 1 https://v1.tinkercad.
com/learn/overview/OIU0ZY1IRXTXIP3;collectionId=OY5L5E8IRXTI47Z and 
at this one: https://www.thingiverse.com/thing:2534232) but also the logo, 
the colour, the brand and all the details of the dream car, first on paper and 
then working with the 3D prototyping tools (e.g. https://www.tinkercad.com/
dashboard).
The team designs the micro-bit frame of the remote control, too.
At the end of the design phase, the generated files are uploaded to the 3D 
printer and the components are printed.

Electronics  Team: the group is in charge to create the Micro:bit remote con-
trol (you can follow this tutorial for the first 4 minutes https://www.youtube.
com/watch?v=2gPO7yVQys8 ).

Coding Team: students are responsible for coding the movements of the Dot-
Bot:bit (you can follow this tutorial from minute 4 to minute 16 https://www.
youtube.com/watch?v=2gPO7yVQys8 ).

STEP 2 – Assembly
Design Team: students assemble the DotBot:bit frame and wheels (https://
www.maffucci.it/2017/09/14/e-nato-dotbotbit-didattica-della-robotica-con-mi-
crobit/).
Coding Team: the group downloads the motion encoding SW on DotBot 
Micro:bit.

Electronics  Team: members assemble the radio control frame.

FASE 3 - Testing

The teams carry out the testing together and make any adjustments accord-
ing to their respective role, until the test is successful.

(For a simplified and guided trial of the whole project you can follow this link: 
https://www.maffucci.it/2017/09/14/e-nato-dotbotbit-didattica-della-roboti-
ca-con-microbit/  while at the following link you can download a file for the 3D 
printer: https://www.thingiverse.com/thing:2534232) 
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

4. EXPLAIN 
The teams are asked to pitch and show the final results providing a practical 
demonstration of how their objects work.

5. REFLECT
Each group develops a short report on the activity, presenting the group’s deci-
sion-making process, the divisions of tasks, the role of the supporting teacher 
and the lessons learnt.
Teachers have the students discuss altogether by asking the following questions: 

• Who is curious to learn more about some of the topics discussed?
• Is there still something missing from the project?
• Is there something that can be added to the project?
• What is the importance of teamwork? Why is it particularly relevant for 
engineering? Some people think that engineering and teamwork go hand in 
hand. Do you agree? Why? Why not?
• Creativity is a fundamental element of engineering since it is concerned 
with the generation of effective and innovative solutions to problems, while 
engineering and especially engineering design has a similar goal, focused 
on technological solutions. Do you think that engineers should think outside 
the box? What is an engineering mindset?
• Do you think engineers should be more aware of the “social” role they play 
in helping people fulfill their vision of a successful, empowered future thanks 
to their innovative ideas? Should they be engaged in showing people what 
their future looks like with the product and services they plan and design? 
Or do you think that engineering is such a highly-technical profession that 
good engineers should only be endowed with a very particular set of techni-
cal skills and mathematical ability?

Do you agree with this statement? Why? Why not?
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

Giving a score from 1 to 10, each participant should assess:

1- The project’s result according to:
- Functionality: the correspondence between the planning and the output
- The design of the dream car Dot:Bot
- Teamwork and organisation
- Presentation and communication skills
- Time management

2- Themselves, according to:
- Cooperation 
- Active participation and initiative
- Positive and open-minded approach
- Presentation and communication skills
- Creativity
- Problem-solving

Also, teachers assess the project-work evaluating the same above-mentioned 
categories in order to share the results of the assessment with the class and 
provide students with plans for improvement of their skills, if any.
A grid for self and teacher’s assessment can also be used.
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7 Tips for Teacher:

This section can become part of the Guidelines as an introduction to the Activi-
ties.

Interactive tools:

Useful resources:

Instructions for the programming of the Micro:bit https://makecode.microbit.org/
courses/csintro/binary/activity 

Free 3D modeling tools can be found here:
https://all3dp.com/1/best-free-3d-modeling-software-for-beginners/



Educational Tools  &  
Usability Guidelines 

- 221 -ERASMUS+ project  
2019-1-PT01-KA201-060762

Go to 
Index

Activity number: 48
Name of the  
Activity: LET’S GO DANCING

Challenges  
addressed:
(see Annex 1)

A3, B8, C13 ,E17

Subjects:
Please propose min 1 
tool per subject

[_] Science      [x] Technology        [_] Engineering
[x] Arts            [_] Mathematics   

  

Number of students: from 5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [x] 15-18        
[_] All target groups 

Prior knowledge:
-Basic use and understanding of Arduino 
-Basic programming skills
-Basic knowledge of choreography and dance

Duration (minutes): From 240 to 360, better split into two days.

Materials and Re-
sources required:

At least 1 PC
Internet connection
At least 1 SUNFOUNDER Robotics Kit, 4-DOF Dancing Sloth Programmable DIY 
Robot Kit for Kids And Adults with Tutorial

Expected results/
Learning outcomes:

Students will experience:
- Teamwork in order to create an object out of nothing .
- The work of a Ferrari team engineer: how he thinks, creates and continuously 
transforms his car to improve its performance.
- Support creativity, communication, and collaboration.

Description:
Students create a robot and code its steps in order to create an actual choreog-
raphy with it. First they teach the robot how to dance and then they learn from the 
robot to dance together!
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
The activity can be introduced by showing John Travolta’s video Saturday 
Night Fever - Bee Gees - “You Should be Dancing”https://www.youtube.com/
watch?v=kSVSbdmrT0U and starting a discussion on 70s dance music and 
modern dance music.

2. EXPLORE AND DISCUSS 
Teachers ask students what kind of music and dance they prefer. A debate 
will take place and in turn they are invited to show others the characteristics 
and some typical steps of the chosen dance genres. You can elicit students’ 
interest and enliven the discussion also by sharing with the class some of the 
most viral dances on Tik Tok, students can get inspired by - these links are 
just an example: https://www.thecut.com/2020/03/tiktok-dances-to-learn.html
Or https://www.insider.com/tiktok-dances-renegade-say-so-and-more-19-
top-2020-3
At this point students have chosen the music to choreograph and the steps 
to teach their Bigfoot robot.

3. EXPERIMENT
Class is divided into two groups: programmers and dancers.
The experimental part is divided into two parallel steps and a final one to be 
done together.

STEP 1. Making the Bigfoot robot
The programmers team builds the robot following the guidelines given by the 
kit’s instruction booklet but also available at this site: www.sunfouder.com  
https://www.youtube.com/watch?v=-T0ylQ7CmUU 

STEP 2.  Choreography selection
Members of the dancers team choose the music and design the choreog-
raphy the Bigfoot-without-arms robot will have to dance. Students learn the 
choreography themselves after dividing it into the simplest steps possible, 
taking into account that they will have to teach it to the Bigfoot robot after-
wards.

STEP 3.  Choreography coding
The programmers and dancers teams work together to change the SW 
‘Dancing.ico’ provided by the Arduino kit: the dance steps already coded may 
be slightly changed and adapted to be taught to the robot according to the 
chosen choreography.
At the end of the third phase, both the students and the robot must have 
learned the same choreography.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

4. EXPLAIN 
This phase is a real performance. The Bigfoot robot and the project team 
dance together the same choreography on stage for a selected audience.

5. REFLECT 
Each group develops a short report on the activity, presenting the group’s 
decision-making process, the divisions of tasks, the role of the supporting 
teacher and the lessons learnt.
Teachers have the students discuss together by asking the following ques-
tions: 

• Who is curious to learn more about some of the topics discussed?
Is there still something missing from the project?
Is there something that can be added to the project?
How can you be creative being a programmer? 
Why do programmers need creativity?

Do you agree with these quotes? Why? Why not?
Is there any room for creativity in coding?

Programming is an open-ended thing. And there is often no fixed an-
swer—it’s not just 1+1=2, rather, I can achieve the goal by going this 
way, but you might do it another way. There’s a lot of creativity involved, 
and it’s a very individual thing—each person writes it differently than the 
next person, and can all be correct in terms of syntax, but maybe some 
solutions are more effective, maybe some are more efficient, some are 
more elegant.
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Tips for Teacher: This section can become part of the Guidelines as an introduction to the 
Activities.

Interactive tools: Useful resources: https://www.arduino.cc/   for Arduino SW and coding
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Activity number: 49
Name of the  
Activity: TELL ME A STORY 

Challenges  
addressed:
(see Annex 1)

A3, B8, C13 ,E17

Subjects:
Please propose min 1 
tool per subject

[x] Science      [_] Technology        [_] Engineering
[x] Arts            [_] Mathematics   

Number of students: From 5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: Basic skills in media/technology, as well as writing and performing personal 
stories.

Duration (minutes):
About 180 minutes 
It can be carried out both in one or more days depending 
on the time available.

Materials and Re-
sources required:

Required materials:
(at least one for each group of students)
PC
Internet connection 
a camera
a recorder 
softwares and apps to create interactive stories 
Telling a compelling story is one way to use the narrative structure in a science 
classroom and there are many methods and free digital storytelling tools available 
for teachers and students. Here we suggest some of them:
https://tools.hackastory.com/
https://www.youtube.com/watch?v=ETCsZZay4RU
Some students may have fun also using STEM concepts by crafting their stories. 
These activities are very simple, inclusive and use materials everyone may have 
on hand. Useful and creative ideas can be found on the following links: 
https://www.sciencebuddies.org/blog/storytelling-stem-activities
http://ilblog.paoloruffini.it/2016/11/25/lartista-che-crea-figure-divertenti-con-om-
bre-di-oggetti-di-uso-quotidiano/
https://www.creativo.media/read/26065/la-tecnica-facile-e-super-versatile-per-im-
parare-a-disegnare-di-tutto-usando-le-ombre
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Expected results/
Learning outcomes:

The process of research, writing, creating, and editing a digital story builds 
essential 21st century literacy skills:
• Build community through personal exchange and reflection
• Support creativity, communication, and collaboration
• Engage students in research, analysis, writing, and reflection
• Encourage the creative use of technology in learning
• Promote language skills, as well as visual and media literacy

Description:
Students complete research on scientists whose life they consider particu-
larly interesting, they write short biographies and then transform them into 
digital documentaries.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
Teachers introduce students to biographies by reading a few of them in order 
to make them appreciate that what they study is the result of the work of 
“normal” people, and that for example the famous Isaac Newton, like many 
of them, had an unlucky childhood.
Teachers can provide a list of people for students to choose from or have the 
class brainstorm a list.
The following Web sites provide biographies that are appropriate for this 
lesson:https://www.ducksters.com/biography/scientists/scientists_and_inven-
tors.php
https://www.famousscientists.org/
https://www.prattlibrary.org/research/tools/index.aspx?cat=96&id=4505

2. EXPLORE AND DISCUSS
The class discusses the factors that make a good biography. A great biog-
raphy is also a great story, and while a biography needs to include facts, a 
simple listing of them may not be compelling. Teachers can have students 
brainstorm questions they can ask to make a biography more interesting and 
might prompt their thinking with questions like:
Did the person’s background influence what he or she believed in or how the 
person acted?
What personal qualities helped or hindered this person?
Was this person admirable or simply famous?
After explaining that each story must communicate the perspective of the 
storyteller and should make an emotional connection with the listener, teach-
ers can also ask the students some of the following questions:
What are you trying to communicate?
What does the story really mean?  
Where is your own perspective in the story?
How will you keep the audience engaged in the topic/idea/question?
What emotion do you want to leave the storyteller with?
How can you use your voice to communicate your point of view and feelings 
about your story?
Invite students to tell their story several times rather than reading or reciting 
a memorised narrative.
What kind of sound track will help the audience pay attention to your story/
idea/message/voice?
How might images convey ideas and emotions that words cannot and vice 
versa?
What is the simplest way to convey idea/emotion in the story?
Teachers can show an example of a story that has been turned into a movie 
and facilitate a discussion around what makes an effective story/digital story. 
Point out effective examples of story structure (a clear beginning/middle/
end), as well as how narrative, sound/music, and images contribute to the 
story being told. The students will get excited about the project if they can 
see the end result.
Teachers have the students start by writing a narrative. They can use a 
prompt that is open-ended or an image to get their creative juices flowing.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

3. EXPERIMENT
After students have gathered the information, they need to transform it into a 
narrative story. 

EDIT: It is important to go through the editing process with students. If their 
narratives are clear and focused, it will be much easier to make their movies. 
Stories can be edited and peer reviewed in Google Docs.
To make the cycle really come alive, you better have students tell the story 
from the 1st person perspective of its “main character” to share the process. 
This process of personification can help them make more personal connec-
tions to the story, as well as help you avoid stories that are a simple copy 
and paste of facts.

PLAN: Once they have finished writing their stories, students need to plan 
their movies. It is helpful to create storyboards where students can plan what 
images they want to show while they are narrating their stories. Using one 
image for every few sentences helps to keep the movie interesting. Students 
can pick images based on adjectives or verbs they use in their writing and 
then they should narrate their stories while matching them up with the imag-
es they picked. This is the best part, because they will hear how they sound 
when they read. Students may want to record over and over again. Let them! 
They are learning about intonation and creating mood. They want to make 
their stories sound interesting, and this takes practice.

CHOOSE A TOOL: Students can use various programs to add images 
for each scene in their story. It’s less about the tool and more about the pro-
cess and the learning that takes place while they are creating. 

4. EXPLAIN
After students’ stories are digitally constructed/edited, decide on a method 
for archiving the stories for performance and/or dissemination. Stories can 
be saved as file formats that can be exported through email and/or uploaded 
to the School site or YouTube. This is a way to motivate students to work 
hard to create a movie that they are proud to show to others. Teams are also 
asked to share the video biographies with the rest of the class or at a school 
assembly. In fact, a digital storytelling experiment is focused on creating 
community and dialogue through the creation and the sharing of personal 
stories.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

5. REFLECT 
Invite students to develop a plan or program to show their work and lead dis-
cussions about the issues raised in their work. Why are these stories being 
told?
Who is the intended audience of these productions?
How can youth foster community and dialogue through the sharing of their 
life stories?

A personal point of view can be added by asking: 
How does the event affect my life, thinking, or beliefs? 
How does knowing the facts about a famous person or event influence my 
own thinking or beliefs? 

This type of storytelling reflects the students’ personal engagement with the 
subject, not just the reporting of facts and information.

6. EVALUATE
Giving a score from 1 to 10, each participant should assess:

1- The project’s result according to:
- Functionality: the correspondence between the planning and the output
- The technical quality and emotional impact of the documentary 
- Teamwork and organization
- Presentation and communication skills
- Time management

2- Themselves, according to:
- Cooperation 
- Active participation and initiative
- Positive and open-minded approach
- Presentation and communication skills
- Creativity
- Problem-solving

Also teachers assess the project-work evaluating the same above-mentioned 
categories in order to share the results of the assessment with the class and 
provide students with plans for improvement of their skills, if any.
A grid for self and teacher’s assessment can also be used.
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Tips for Teacher: This section can become part of the Guidelines as an introduction to the 
Activities.

Interactive tools: Free digital storytelling tools available for teachers and students here:
https://elearningindustry.com/18-free-digital-storytelling-tools-for-teachers-
and-students
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Activity number: 50
Name of the  
Activity: The plants’ breath

Challenges  
addressed:
(see Annex 1)

A2, A5,B11 

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[x] Arts            [_] Mathematics   

  

Number of students: from 5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [x] 15-18        
[_] All target groups 

Prior knowledge:
-Plant respiration
-Photosynthesis
-Basic knowledge of Arduino functionalities

Duration (minutes): 60

Materials and Re-
sources required:

Required Materials:

-Arduino 
-Usb cable
-Shield
-Pin headers
-Resister: 10k, 1MOmh, 3,3k
-Capacitor: 100pf, 10nf 
-Diode: 1N4148 diode 
-Coil / inductor: 10mH (cypax.dk  part no: 07.055.0510)
-Plant
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Expected results/
Learning outcomes:

Students will: 

-Illustrate how the respiration process in plant works 
-Compare the plant’s respiration with human respiration
-Prepare a touch shield with Arduino 
-(if the activity is performed in group) Improve their leadership and working 
group capability

Description:

The activity allows students to listen to the plants’ breath through its touch. 
Any time the plant is touched, a music tone is produced. Each part of the 
plant will also have a different music tone. 
In this way, it will be possible for students to study and know the plants also 
with another sense and listen to the “breath” of the plant.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 

Students have to be introduced to the plants’ respiration and photosynthesis.
Let them reflect about these questions:

- Do plants breath?
- What is the photosynthesis?
- What is the difference between photosynthesis and respiration?
- What is the difference between human and plants’ respiration?
- Why trees and forests are considered the “green lungs” of the Earth?

2. EXPLORE AND DISCUSS 

In order to support students answering these questions, they can watch this 
video
https://www.youtube.com/watch?v=N8P1OT-3R6o   

Ask them to answer the question “How can we listen to the plants’ breath?”
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

3. EXPERIMENT: 

Guide them to create a touch shield with Arduino, following these steps:

1. Distribute the required materials to each student or to each group of 
students

2. Build the hardware: 
•Follow the diagram  
reported below in order  
to build the shield.

© instructables.com

3. Upload Code to the Arduino Board. 
•Access on the Arduino Web Editor. After logging in, you are ready to start 
using the Arduino Web Editor.
•Plug the USB cable to the Arduino board. 
•Download the code from github here: https://github.com/Illutron/Advanced-
TouchSensing 
•Upload the code to the Arduino board.

4. Run the Processing Sketch.
•Download and install Processing (http://www.processing.org ) 
•Get the sketch from github: https://github.com/Illutron/AdvancedTouch-
Sensing 
•Open the sketch in Processing and run it. You will need to choose the right 
serial port in setup method. It is usually the lowest number.

5. Connect the pin headers to the plant.

4. EXPLAIN
After students’ stories are digitally constructed/edited, decide on a method for 
archiving the stories for performance and/or dissemination. Stories can be saved 
as file formats that can be exported through email and/or uploaded to the School 
site or YouTube. This is a way to motivate students to work hard to create a mov-
ie that they are proud to show to others. Teams are also asked to share the video 
biographies with the rest of the class or at a school assembly. In fact, a digital 
storytelling experiment is focused on creating community and dialogue through 
the creation and the sharing of personal stories.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

4. EXPLAIN 
Ask the students to touch the plant and..play it! 
Use different plant to discover different breaths and sounds.

5. REFLECT 
Ask the students to think again about the initial question, the path taken and 
the actual conclusions.

6. EVALUATE
Ask the students (alone or in group) to answer this self-assessment ques-
tionnaire.

“After the activity, rate on a scale from 1 (poor)  to 4 (excellent) to what ex-
tent do you agree with the following statements:

-I have a better understanding of the plant’s respiration process and 
photosynthesis
-I can list the differences between human and plants’ respiration
-I am able to replicate the Arduino touch shield to other fields or experi-
ments.

If the activity took place in groups ask the students to answer these open 
questions:

-Describe the process your group followed in order to develop the 
shield: Does anyone have a precise role? How did you cooperate within 
the group?
-What did go well and what did go wrong during the activity?
-What lesson have you learnt from this team working activity?” 
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Tips for Teacher:

- In case the activity is organised in groups, take care of creating balanced 
and inclusive students’ groups

- To be sure the students have well understood the respiration and photosyn-
thesis of plants, you can ask them to create also posters for the classroom

- According to the level of confidence with Arduino, you can choose to create 
the shield simultaneously, giving them the printed instructions or to allow 
each student/group to design and create their own Arduino touch shield to 
play the plant

- If the activity was performed in group, at the end of the activity, ask each 
group to share their team-working results. Let them understand what worked 
and what didn’t by prompting questions.

Tips for Teacher:

References:

https://courses.ideate.cmu.edu/16-223/f2014/1b-arduino-project-musi-
cal-plant/ 
https://www.instructables.com/id/Touche-for-Arduino-Advanced-touch-sens-
ing/ 

Interactive tools:

 
• Photosynthesis is the process used by plants, algae and certain bacteria to 
harness energy from sunlight and turn it into chemical energy.

• Arduino is an open-source electronics platform based on easy-to-use hard-
ware and software. You can find more information at this link https://www.
arduino.cc/en/guide/introduction 
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Activity number: 51
Name of the  
Activity: Tutor bot

Challenges  
addressed:
(see Annex 1)

A1, A5 , B8

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[x] Arts            [x] Mathematics   

  

Number of students:   30 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge:

- Video recording and editing basics
- Basic knowledge and use of Telegram 
- Storytelling principles
- Video uploading on YouTube

Duration (minutes): 450

Materials and Re-
sources required:

Required Materials (at least one for each group of students):

-video camera or smartphone with camera to record videos 
-smartphone 
-PC with video editing application (e.g. MovieMaker, Video Editor, iMovie etc.)
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Expected results/
Learning outcomes:

Students will: 

- Create a Telegram bot
- Record videos and upload them on YouTube
- Develop collaboration and communication skills for the video project produc-
tions including working in groups and engaging with professors
- Improve active listening skills
- Improve self-expression and self-understanding 
- Develop skills related to the development of quality media productions including 
story development, producing, editing, and post production

Description:

The activity foresees the creation by students of a personalized Tutor bot on Tel-
egram to get help and further explanations in some subjects and topics students 
feel less confident or they want to focus more. 
Once students have decided with the support of their teachers which are the 
subjects and the topics they want to focus more, they will record some videos to 
explain their peers the theme and will incorporate it on the bot they have created.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
Create the students group and ask them to identify at least 3 topics or subjects 
of the school curriculum the group is not fully confident with or that would like to 
focus more on.
Let the students discuss about it.
Let the students decide one topic/subject they are going to work on.

2. EXPLORE AND DISCUSS 
Once the students have decided the topic, they can work and cooperate with a 
teacher.
They will present their doubts and ask questions to the teacher and with the 
teacher’s guidance they will fix and answer these questions.
Based on the needs/doubts expressed and on the answers/clarifications they got 
from the teacher, the students will design a video storyboard based on the princi-
ples of storytelling in order to present the topic to other students and peers.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

3. EXPERIMENT 

1. Record and edit. Based on the  
storyboard, the students will record 
the video with the cameras or the  
smartphones and edit them on the  
PCs with any video editing program  
available

2. Export the URL. Upload the video  
on YouTube and copy the link of the  
video

3. Create the bot on Telegram.  
Open Telegram and search for  
BotFather. 
Go to Telegram from your laptop or  
smartphone or download it from  
https://telegram.org/ . 
Once registered, search for BotFather  
on Telegram or click on this link  
https://telegram.me/BotFather .
You will see the BotFather chat open.

4. Create a new bot. 
•Click on ‘Start’ and select ‘Create a New Bot’. 
•Choose the name of the bot and its username. You will receive the HTTP 
API token to access your bot. Now personalize the bot with the description 
and the logo of your bot.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

• Copy the API token of your bot in Manybot. Search for Manybot on Tele-
gram or click this link https://telegram.me/Manybot. 
You will see the Manybot chat open.

• Click on ‘Start’ and choose your language. 
• Select the option ‘Create a New Bot’. 
As you have already the API token,  
select ‘I’ve copied the API token’ and  
send it in the chat as text message.

• Start the bot. Once the token for your  
bot has been accepted, your bot is ready  
and you can share it to the audience  
using the link provided. Click on the  
link and go to the bot you have  
created and click on ‘Start’.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

5. Program the bot. 
•Select the option ‘Custom your Commands’ to create the commands your 
bot will reply to. 
•Choose the option ‘Create Command’. Write all your commands preceded 
by the symbol ‘/’. 
In this case add for instance the command of the subject chosen by students 
e.g. ‘/Art’ command.

•Incorporate the videos by copying and pasting the hyperlink from YouTube 
and ‘Save’. 

6. Create the Menu. 
•Click on ‘Configure Menu’ and select  
‘Add Menu Item’ and select the  
command (e.g. ‘/Art’) and text the  
Title of the Menu. For instance  
“Who was Leonardo Da Vinci?”.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

4. EXPLAIN 
Let the different groups of students present the videos and test the bot.

5. REFLECT 
Each group develop a short report on the activity, presenting the group’s 
decision-making process, the divisions’ of tasks, the role of the supporting 
teacher and the lessons learnt.
After the video, do they feel to have improved their knowledge and under-
standing of the initial topic/subject?

6. EVALUATE 
Each group of students have to perform a peer-review of the other groups’ 
videos and the bots.
Let the groups evaluate:
-the effectiveness and relevance of the video for students
-the storytelling 
-the video presentation
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Tips for Teacher:

-The activity has to be performed with the support of other teachers from oth-
er subjects in order to ensure the highest level interdisciplinarity. Make sure 
to involve your colleagues and have their support.

-Try to populate and disseminate the bot as much as possible, in this way it 
will become a simple but effective tool for students to study and consult.

Interactive tools:

Useful links:
How to create a bot on Telegram https://www.youtube.com/watch?v=DM-
64bR8l9zM 

8 Storytelling techniques
https://www.sparkol.com/en/blog/8-classic-storytelling-techniques-for-engag-
ing-presentations 

VocabularyVocabulary
Vocabulary

• Bot: is a software program that can execute commands, reply to messag-
es, or perform routine tasks, as online searches, either automatically or with 
minimal human intervention (often used in combination).
• Storytelling: is the interactive art of using words and actions to reveal the 
elements and images of a story while encouraging the listener’s imagination.
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Activity number: 52
Name of the  
Activity: IoT Design

Challenges  
addressed:
(see Annex 1)

D14, A4, E18

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[x] Arts            [x] Mathematics   

  

Number of students:   30 

Target Group -
Age of students:

[_] 12-14        [x] 15-18        
[_] All target groups 

Prior knowledge: - IoT sensors’ usage and programming (e.g. sensors, RFID, actuators etc.)  

Duration (minutes): 90

Materials and Re-
sources required:

Required Materials:
-Tiles IoT Cards
-Papers and pencils
-Sticky notes

Expected results/
Learning outcomes:

Students will: 
-Learn and apply basic concepts of IoT design
-Experiment the application of design thinking 
-Improve collaborative approach and brainstorming
-Foster creative dialogue

Description: The students will design IoT and program IoT architectures in class using 
Tiles IoT Cards.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
• Download and print the Tiles IoT Card from https://www.tilestoolkit.io/
• Create different teams of students (2-6 people) and ask them to choose 
one card from the following decks:

- Mission are provocative design goals to inspire creative combinations 
of things, services, human actions and feedbacks
- Things are everyday low-tech objects to be augmented with technolo-
gy, they act as physical avatars for services
- Services are number of popular digital services like social networks, 
data providers and APIs
- Feedback are the ways a service can communicate to the user using 
a thing
- Human Actions are the ways the user can interact with a physical 
thing to control a digital service

2. EXPLORE AND DISCUSS 
Taking into account the “Mission” the teams have to accomplish, the teams 
have to define and write down on paper what problem the product they are 
going to design solves and for which user is. 
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

3. EXPERIMENT
• Using the other cards, the teams have to combine them to form ideas for 
augmented objects that solve their mission.
• The teams have to discuss about the problem, the user, the technology to 
be implemented.  
• All ideas have to be sketched out on paper.

4. EXPLAIN 
The teams have 3 minutes to pitch their ideas.

5. REFLECT
• The teams have to pick one card from the “Criteria” deck. These are critical 
lenses to reflect, evaluate and refine the ideas generated. 
• The teams have to discuss the compliance of their idea with their “Criteria” 
and define how to improve it to better address the criteria card.

6. EVALUATE
The teams have to evaluate each other, providing a score from 1 to 10 in 
order to evaluate:
-the idea
-the pitch
-the compliance to the criteria

The teacher can refer to the DigiComp Framework (https://publications.jrc.
ec.europa.eu/repository/bitstream/JRC106281/web-digcomp2.1pdf_(online).
pdf) in order to assess the students’ performance, referring especially to the 
Comptence 2 “Communication and Collaboration” and the Competence 5 
“Problem-solving”.
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Tips for Teacher:

-It is recommended to anticipate the “REFLECT” step before the “EXPLAIN” 
one in order to provide the students with the opportunity to pitch the very 
final project idea

-You can provide students with a given contexts and final users (e.g. school 
or class context) in order to set the design process on real needs and situa-
tions they are comfortable with or they are familiar with

-The teams can choose more than one “CRITERIA” card in order to further 
improve students’ problem-solving attitude and creative thinking

-At the end of the “EXPERIMENT” stage, you can also foresee, according to 
the school resources, a prototyping phase where the teams have to turn the 
sketched ideas into practice. 

Interactive tools:

Useful resources:

-Tiles IoT Inventor Toolkit website 
https://www.tilestoolkit.io/ 

Vocabulary:

• IoT: is a system of interrelated computing devices, mechanical and digital 
machines, objects, animals or people that are provided with unique identi-
fiers (UIDs) and the ability to transfer data over a network without requiring 
human-to-human or human-to-computer interaction.

• Design Thinking: is a non-linear, iterative process that teams use to under-
stand users, challenge assumptions, redefine problems and create inno-
vative solutions to prototype and test. Involving five phases—Empathize, 
Define, Ideate, Prototype and Test—it is most useful to tackle problems that 
are ill-defined or unknown.
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Activity number: 53
Name of the  
Activity: Binary transmogrifier

Challenges  
addressed:
(see Annex 1)

B10, B11, D15

Subjects:
Please propose min 1 
tool per subject

[_] Science      [x] Technology        [x] Engineering
[_] Arts            [x] Mathematics   

  

Number of students: about 5 to 25 students 

Target Group -
Age of students:

[x] 12-14        [_] 15-18        
[_] All target groups 

Prior knowledge: -Basic use and understanding of micro:bit and MakeCode 

Duration (minutes): 120

Materials and Re-
sources required:

Required Materials (at least one for each group of students):
-PC
-Internet connection
-micro:bit 
 

Expected results/
Learning outcomes:

Students will: 

-Understand how the binary code works 
-Develop a binary code converter with micro:bit
-Design their own binary code

Description: The students will build a binary transmogrifier with micro:bit to convert be-
tween binary and decimal numbers. 
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
Ask your students the differences and commonalities between computers 
and telegraphs.

2. EXPLORE AND DISCUSS 

Ask the students to make a research about the languages the two communi-
cation instruments adopt.
Guide the students through the evolution from the Morse code (which uses 
5 symbols to communicate) and the binary code (which uses only 2 digits or 
bits).
You can help your students discover more about the binary code through this 
video:
 https://www.youtube.com/watch?v=kBdHbp_ja8I 

3. EXPERIMENT
Ask the students to follow these instructions in order to develop a Binary 
transmogrifier with micro:bit 
https://makecode.microbit.org/courses/csintro/binary/activity

Once they have created the transmogrifier, ask your students to create their 
own binary codes (a weight code or an arbitrary code) and program again 
the micro:bit accordingly.

4. EXPLAIN 
Once the micro:bit has been programmed with the new pattern, the students 
can exchange their micro:bits.

5. REFLECT 
Using the transmogrifier, the students have to decode their peers’ code.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

6. EVALUATE
The teacher can evaluate the students’ performance in terms of:

-students’ engagement in the activity
-understanding of the binary code
-application of the binary code pattern
-team working, if applicable.
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Tips for Teacher:

-The ‘EXPLORE AND DISCUSS’ phase can be performed both in class or at 
home

-The activity can be conducted in small school teams or by single students 
according to the schools’ facilities

Interactive tools:

Useful resources:

Instructions for the programming of the micro:bit https://makecode.microbit.
org/courses/csintro/binary/activity 

Vocabulary:

• Micro: bit: it is a pocket-sized computer, aimed at teaching and learning 
physical computing.
• Binary code: is a coding system using the binary digits 0 and 1 to represent 
a letter, digit, or other character in a computer or other electronic device.
• Morse code: is a code used for sending messages. It represents each letter 
of the alphabet using short and long sounds or flashes of light, which can be 
written down as dots and dashes.
• Transmogrifier: is an instrument that transforms the appearance or form of 
a thing into another one.
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Activity number: 54
Name of the  
Activity: Calming LEDs

Challenges  
addressed:
(see Annex 1)

D16, E17, A5

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[x] Arts            [x] Mathematics   

  

Number of students: about 5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge: -Prior knowledge of micro:bit is useful but not necessary

Duration (minutes): 120

Materials and Re-
sources required:

Required materials:

-PC for each student
-Internet connection
-micro:bits for each student
  

Expected results/
Learning outcomes:

Students will: 

-Share feelings and emotions about anxiety 
-Understand how the respiratory apparatus works
-Research about the connections between the respiratory and the nervous 
apparatus and its impact on anxiety management
-Develop calming LEDs with micro:bit
-Represent different breathing timing using fractions

Description:
The activity foresees the creation of calming LEDs with micro:bit in order 
to help students feel more relaxed and to manage better their stress and 
anxiety.
The LEDs will show an animation that can be followed with in and out breath.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
Ask the students to share their strategy to calm their anxiety.

2. EXPLORE AND DISCUSS 
Once all students have shared their ideas, ask them to research about the 
importance of breathing as a technique to calm down.
Create students’ groups and ask them to prepare a research about:
-the respiratory apparatus
-the sympathetic and parasympathetic nervous system 
-the correct respiration rhythm for calm anxiety.

Watch this video https://www.youtube.com/watch?v=_QTJOAI0UoU 

3. EXPERIMENT 
Based on the research, ask them to create calming LEDs using micro:bit.
1. Create a new project. 

• Access to https://makecode.microbit.org/ and ‘Create a new project’.  
• Select from ‘Basic’ the ‘Forever’ block in order to allow the code keeps 
running in background.
• Create the own combination of LEDs’ sequence using the blocks 
‘Show icon’ to use built-in icons and/or creating their own icon, using 
the ‘Show LEDs’ block.
• In order to move the blocks just drag and drop them or click on the 
right button of the mouse to duplicate or delete a block.
• Check the result on the simulator on the left part of the screen.

2. Regulate the pattern timing. Once the LEDs’ pattern has been creat-
ed, it is necessary to give the project the suitable rhythm in order to be 
useful for calming down.

• Select from ‘Basic’ the ‘Pause’ block and let the students locate it 
before and after each LEDs block, according to the purpose of guiding 
the breath.
• Regulate the timing of the pause selecting its duration in milliseconds 
(ms) according to the breath’s needs.

3. Tranfer the pattern to the micro:bit.
• When the project is finished, download it on the PC.
• Connect the micro:bit to the PC, using the appropriate USB cable. The 
created pattern is going to be copied on the micro:bit automatically. A 
flash light will turn on during the copying phase.
• When the flash stops, remove the USB cable. 
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

4. Test the calming LEDs.
• Test out the micro:bit. And answer this question “Does the created pattern 
relax you?”.
• Now go back to the MakeCode web page and try to recreate the the water, 
the whisky and the coffee breath as showed in the previous video.

4. EXPLAIN 
Ask your students to share their feelings about the different breaths. 

5. REFLECT 
Let the students think about the different breaths they have recreated on the 
micro:bit and ask them to represent the different breathing timing they have 
developed by using fractions.

6. EVALUATE
At the end of the activity create an online Quiz using Kahoot (https://kahoot.
com/) on the interaction between the nervous and respiratory apparatus .
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Tips for Teacher:

- During the ‘ENGAGE’ step, you can break the ice by sharing your own 
experience

- If you have more time, during the ‘EXPLORE AND DISCUSS’ step you 
can allocate different research topics to each students’ group in order create 
knowledge interconnection and sharing during the ‘DISCUSS’ phase

- If your students have never used micro:bit before, let them thinker with it as 
it is very intuitive and can stimulates creativity and innovation  

Interactive tools:

Useful Resources:

- General overview of the activity
 https://microbit.org/news/2020-05-01/microbit-at-home-calming-leds/ 

- Activity instructions
https://youtu.be/_wx0J2zjg5o

- How to transfer the program to the BBC micro:bit  
https://youtu.be/-FZ8yTnoozY 

Vocabulary:

• Micro: bit: it is a pocket-sized computer, aimed at teaching and learning 
physical computing.
 
• Sympathetic nervous system: is the system that prepares the body to cope 
with stress as by speeding up the heart and contracting the blood vessels . 

• Parasympathetic nervous system: is the system that controls functions that 
cannot be controlled, such as slowing the heart beat and producing tears. 
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Activity number: 55
Name of the  
Activity: My STEAM class

Challenges  
addressed:
(see Annex 1)

B7, B8, B10  

Subjects:
Please propose min 1 
tool per subject

[x] Science      [x] Technology        [x] Engineering
[x] Arts            [x] Mathematics   

  

Number of students: about 5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge:
-The knowledge and use of any 3D programme (e.g. AutoCAD, SketchUp…) 
can be useful but not necessary
- Basics of technical design 

Duration (minutes): 480

Materials and Re-
sources required:

Required Materials:
-Papers, markers, sticky notes with different colours for all the teams  
-At least a laptop with Internet connection per team
-Toothpicks, string, scissors and any other material for the miniature for 
all the teams  

Expected results/
Learning outcomes:

Students will: 
-Share feelings and emotions about anxiety 
-Understand how the respiratory apparatus works
-Research about the connections between the respiratory and the nerv-
ous apparatus and its impact on anxiety management
-Develop calming LEDs with micro:bit
-Represent different breathing timing using fractions

Description:
The activity foresees the creation of calming LEDs with micro:bit in order 
to help students feel more relaxed and to manage better their stress and 
anxiety.
The LEDs will show an animation that can be followed with in and out breath.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
Introduce your students about STEAM. Do they know what does it mean? 
Let the entire class guess about the meaning (in case they do not know) or 
about examples of activities connected to STEAM
They can watch altogether this very short video https://www.youtube.com/
watch?v=DL_xXHqqs60 

Once some inputs are collected about STEAM and activities, you can divide 
the class in different teams.

2. EXPLORE AND DISCUSS 
Ask the different teams to think about their class composition: number of 
students, their peers’ abilities, interests, predispositions, needs.
Each member of the team has to write down (on a paper or on a sticky note) 
the different “requirements” to be taken into account.
Sticky notes with different colours can be used to distinguish different cate-
gories of requirements (e.g. facilities, space arrangement, students’ needs 
and interests etc.).
The different teams have to match similar ideas by discussing them and 
agree on a final list of requirements.

3. EXPERIMENT
Based on the inputs collected, the teams have to design the 3D and create 
the miniature of the STEAM class they would like to have.

The floor plant has to be designed in 3D, indicating specific proportions and 
measures.
The floor plant has to be in line with national and European regulations on 
space arrangement in schools. Therefore, each group has to study and re-
search for national and European regulation before the design.
The students can use any programme they know or are comfortable with. 
For instance, SketchUp has an open version, very easy and intuitive and 
user-friendly that they can also enjoy thinkering.

The miniature has to reflect the floor plant and can be made with any materi-
als available to students or they decide to use (e.g. toothpicks, string etc.).



Educational Tools  &  
Usability Guidelines 

- 257 -ERASMUS+ project  
2019-1-PT01-KA201-060762

Go to 
Index

A
ct

iv
ity

 n
um

be
r:

 5
5

Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

4. EXPLAIN 
All the teams have to pitch to the class their idea and solution.

5. REFLECT 
Meet again all the students with their projects and miniatures.
Discuss altogether: 
Is there any project that meets all the requirements of all students in your 
class? 
Who sees something they are curious to learn more about?
Is there something that is missing from all projects?

6. EVALUATE
Ask each team to self-evaluate the activity: 
How did talking to your partner inform your design? 
How did testing and getting feedback impact your final design? 
What was the most challenging part of the process for you?
Does your project meet all the initial requirements?
To what extent is the class you have created inclusive?
Based on others’ projects, would you like to add or amend the project based 
on the class’ discussion?
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Tips for Teacher:

- The best approach would be to let the students work on the real case they 
know very well (their class) but you can also suggest a class sample indicat-
ing some specifications of the class composition and/or requirements 

- Try to be a facilitator for your students: give them inputs to work, make 
questions to answer but give them the freedom to create and design the 
STEAM class that best suit their needs/interest.

- At the end of the “REFLECT” step, you can also decide with the class to 
create altogether the final project of the STEAM class, based on inputs and 
discussions arisen.

Interactive tools:

Useful Resources:

Video “What is STEAM?” https://www.youtube.com/watch?v=DL_xXHqqs60 

SketchUp programme 
https://www.sketchup.com/plans-and-pricing/sketchup-free 

Vocabulary: • Inclusive education: means all children in the same classrooms, in the 
same schools. It means real learning opportunities for groups who have 
traditionally been excluded. 
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Activity number: 56
Name of the  
Activity: Elastic force

Challenges  
addressed:
(see Annex 1)

E18, D14, A6 

Subjects:
Please propose min 1 
tool per subject

[x] Science      [_] Technology        [x] Engineering
[x] Arts            [x] Mathematics   

  

Number of students: about 5 to 25 students 

Target Group -
Age of students:

[_] 12-14        [_] 15-18        
[x] All target groups 

Prior knowledge:

Depending on the teachers’ inputs, students may need to know how to:

-use any 3D programme
-use any specific material 

Duration (minutes): 480

Materials and Re-
sources required:

Materials have to be selected by the students OR by the teachers.
In case the teacher wants to provide materials, suggested ones are:

- Popsicle sticks  
- Elastic bands
- Spoons
- Tetra pack boxes
- Office supplies (pens, scissors, tape, colours, papers etc.)
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

1. ENGAGE 
• Introduce the students about the internal forces and in particular about 
elastic force.
• Ask them to watch this video and answer the question https://www.youtube.
com/watch?v=bqGgIWbmpzg
• Create two teams of students: one will be in charge of design and develop 
a catapult and the other team will be in charge of design and develop a mo-
torboat, using the elastic force. 
The two teams have to choose:

-their name
-their logo
-their motto.  

2. EXPLORE AND DISCUSS
The two teams have to create the project of the two objects.
They can choose if using papers or 3D online programmes to design them.
The project has to report:
-the materials the students are going to use (types, quantities, measures 
etc.)
-the design the catapult and the motorboat are going to have
-the explanation of how the students intend to apply the elastic force to make 
the two objects working.
When designing the catapult and the motorboat, the two teams have also to 
represent the team logo on them.

A
ct

iv
ity

 n
um

be
r:

 5
6

Expected results/
Learning outcomes:

Students will: 
-Apply the design process 
-Experiment the application of elastic force on given objects
-Design and develop two objects based on given inputs (and eventually 
materials)
-Be able to make assumptions and forecast on the impact of different con-
texts and different conditions on the elastic force
-Apply peer-assessment
-Pitch their project idea in front of an audience

 

Description:
The activity foresees the design and development of a catapult and a motor-
boat in order to study and apply the elastic force.
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Usability guidelines 

You may use the En-
quiry Based Learning 
(EBL) Methodology:

1. ENGAGE
2. EXPLORE & DIS-
CUSS
3. EXPERIMENT
4. EXPLAIN
5. REFLECT
6. EVALUATE

3. EXPERIMENT
Based on the project the teams design, the teams have to develop the two 
prototypes.

4. EXPLAIN 
The two teams have to pitch and show the final results, explaining the way 
they applied the elastic force and providing a practical demonstration of how 
it is applied in order to make the two objects working.

5. REFLECT 
Based on the two prototypes the teacher has to ask questions about the 
functionality of the two objects in different contexts (e.g. the motorboat work-
ing in a liquid different from water) or conditions (e.g. a shorter arm of the 
catapult).

6. EVALUATE
The two teams have to assess each other, providing a mark from 1 to 10, 
according to the following categories of the project work:

-  functionality
- design 
- presentation.

Also the teacher has to assess the two project work evaluating:
- team working cooperation
- presentation 
- correspondence between the project design and the final result
- design
- creativity
- application of elastic force
- problem-solving.
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Tips for Teacher:

- Give students the freedom to choose their own project as this stimulates 
their creativity and design process

- Avoid the two teams speak to each other in order to avoid reciprocal influ-
ence

- Tutor them especially during the ‘EXPLORE AND DISCUSS’ and ‘EXPERI-
MENT’ phases in order to guide them to develop a functioning prototypes. 
You can organise proper tutoring sessions with the two teams

- Use the ‘EXPLORE AND DISCUSS’ phase to prompt the teams about their 
projects: you may use these prompts during the ‘REFLECT’ session

- Based on the capabilities of students and the schools’ facilities, this activity 
can be performed with several materials (e.g. wood) and techniques (3D 
printer).

Interactive tools:

Useful Resources:

Examples of prototyping with popsicle sticks and elastic bands https://www.
youtube.com/watch?v=gOFWm4xbSro

Examples of prototyping with TinkerCAD https://www.youtube.com/
watch?v=DoioOGZwuwY

Examples of prototyping with woods https://www.youtube.com/watch?v=HiX-
04bY0y88

Vocabulary:

• Internal force: are forces exchanged by the objects in the system. Internal 
forces may cause acceleration in different parts of the system but does not 
cause any acceleration in the center of mass of the entire system.

• Elastic force: is the capacity of an object to return to its original shape after 
being stretched or compressed.
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