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INTRODUCTION
In order to inspire students, see the added value of STEM subjects and careers, contributing the same
way in tacking unfavourable perceptions and the overall lack of interest in Science, there is a need to
reconsider the way STEM subjects are taught. For this purpose, there is a need for an integrated way
of teaching. More specifically, there is a need to combine Science classes with other disciplines,
ensuring that the integrated STE(A)M education will contextualize STEM teaching is such a way that it
becomes more attractive for every student.
Right now, there is no integrated STE(A)M education framework in Europe that will further enhance
coherence in STEM education. It is essential to bring together partners from different countries,
already working in STE(A)M education, policy, pedagogical innovation and professional development
of teachers, educators and school leaders, and engage them in discussions, planning, implementing
and the review of new practices. This will ensure that the topic is given new and more intense attention
within each country. Therefore, the STE(A)M IT project will lead the way in the creation and testing of
the 1st Integrated STE(A)M framework, aiming to strengthen the coherence in STEM education by
defining collectively with MoEs and STEM teachers the integrated STE(A)M education framework. The
focus group teachers that will create interdisciplinary and innovative teaching and learning scenarios,
will be used to test the proposed framework of reference for integrated STE(A)M education.
The creation and implementation of the aforementioned framework is particularly important for
students who do not link STEM subjects and their use with their everyday life, but most importantly
with their future career paths. The teaching of each STEM subject individually often prevents students
from linking those subjects, consequently missing out on a cohesive educational opportunity that
might largely affect their study path choice and eventually career.
It is additionally important for teachers of Primary and Secondary schools to work together and fully
exploit the benefits of the in-between them collaboration, while contributing to the creation of
innovative and cross-disciplinary approaches to STE(A)M teaching in education, each adding their own
insight, expertise and knowledge. This collaboration and continuous feedback aim to provide an
opportunity for reflection and support a steady and much necessary change in formal education but
also career consultancy. This way, schools will assume the additional role of mentorship supporting
their students collectively.
A STE(A)M IT Integrated lesson plan is a teacher's detailed description of the course of instruction or
"learning trajectory" for a lesson, a guide and a document that will be continuously improved and
updated. Each lesson needs to combine three subjects, two of the subjects must be STEM and the third
subject can be either STEM or non-STEM. is about designing educational activities that facilitate deep
learning to enhance 21st century skills such as critical thinking, collaboration, communication and
creativity and divergent thinking. Designing a path based on methodologies such as Problem, Project
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and Challenged Based learning allow to incorporate problem-solving, inquiry and design based learning
into the teaching activity taking care of real challenges in an authentic context, that of our world.
With this in mind, an integrated STEM approach will develop capable citizens who personally and
professionally make informed decisions in their daily lives and have the power to follow STEM careers
and guide innovation at any age.
Title

Catapult as a working machine in STEM lessons and as a war machine in
History
Authors
Nikolas Nikolaou (Physics teacher, Lead teacher),
Georgios Parisinos (Mathematics teacher),
Spyros Onisilou (Informatics Technology teacher),
Maria Hatjimichael Pouliaou (History and Greek language teacher)
Summary
Catapult, is a mechanism used to forcefully propelling stones, spears, or other projectiles. It is mainly
used as a military weapon since ancient times. Catapults were used by ancient Greeks, ancient Chinese
and Romans so to be able to shoot arrows and darts as well stones at enemy soldiers. In addition, they
were used by Romans to get Constantinople for the first time with oiling fire. All this information can
be used so to make students curious about the exact use of catapults in History, but also get to know
how a catapult is working and what makes the catapult more effective. For this, we will examine certain
functionalities according to principles from Physics, how is the projectile of the catapult measured
according to mathematics principles and also how we can extract our experimental data during the
subject of Informatic Technology in our classes.
Licenses

Attribution CC BY. This license lets others distribute, remix, tweak, and build upon your work,
even commercially, if they credit you for the original creation. This is the most accommodating
of licenses offered. Recommended for maximum dissemination and use of licensed materials.
Subject (s)

Non-STEM subject 1: Greek History: that the information acquired in this subject, will
contribute to curiosity of students is History since catapults were used and the way that
they used them in History
STEM subject 1: Physics: In physic we are going to work in experimental data in horizontal
projectile so to We are going to show the connection of the projectile of a catapult with
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the angle. Also, we are going to see the behaviour of the ball with experimental data which
will be combination of the other 2 STEM lessons.
STEM subject 2: Mathematics: Connection of the parabolic line with our measurements and
linearization of lines so to be able to use our experimental data so to get more. Making
experimental data to a linear equation so to be able to use the slope of the line
STEM subject 3: ICT: Learning from online tools to work with experimental data drawing
graphs in parabolic line and also in linear slope (linearization of experimental data)
Real- life questions
• Studying sports in STEM: How hammer throw, Javelin, sphere and disc throw and basketball
throw relate to STEM?

Figure 1: Sketches of the athletes can be found in the link(source: https://favpng.com/)

•

What do we have to know so to be good athletes in these categories?

•

How these athletic categories and many other athletic categories relate to catapults?

•

What is a catapult?

•

Where do we use the catapults in our daily life?

•

Where and when did humanity used catapults in History?

•

Are there any techniques in basketball so to finding the basket according to catapults?

•

Is catapult projectile (and athletic categories that we mentioned) connected with any STEM
or non-STEM lessons?

Aims of the lesson

•

Linearization (Linear Approximation) in Mathematics – what is it, why it is needed and
how it is done graphically – how it is done graphically and algebraic

•

Better understanding of the separation of movement in different axes in physics

•

Use of online tools / software to plot graphs using experimental data – linearization of
the graph

•

Acquire knowledge about history of Catapults in Greek History

•

Dependence of the projectile of a ball from initial velocity and angle of the catapult or
side shot

•

Determine the connection between range of values of the horizontal and vertical
distance with the velocity and the angle of shooting ball in catapult
5
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Connection to STEM careers

Catapults relate to a lot of military defence guns (they have the same physics status in initial
preparation). Catapults and Sports Science especially in Olympic Games are related with the
mechanics and engineering of humans’ body and powers. All the information and knowledge
gained can turned the students to engineering and science themes that they have to do with
space, with human and also with engines in the military services.
High school students are using materials from our daily life to construct a working catapult.
The project integrates fractions, geometry, and other math essentials into this relevant
classroom lesson. Through the applied lessons, students' math skills are reinforced and
careers in Science Technology, Engineering & Math (STEM) are introduced. This learning
scenario introduces students in the science of Engineering using physics, maths, and IT so to
understand first the construction and after all the projectile of the ball in catapults. More
efficient catapults mean more efficiency knowledge in Geometry and other maths and physics
essential.
Age of students
16 to 17 years old
Time
Preparation time: 90 minutes
Teaching time:
•

Preparation: 45 minutes

•

STEM Subject 1: 90 minutes

•

STEM Subject 2: 90 minutes

•

STEM Subject 3: 90 minutes

•

non-STEM subject: 90 minutes

Teaching resources (material & online tools)
Materials:
For preparation Lesson (in photos below you can see the materials that each group must have)
•

one plastic spoon and a ball with initial 2 big sticks for each group of students

•

12 small sticks for each group of students

•

Rubber bands

•

One Bottle cap for each group of students

•

One ball for each group of students
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Figure 2: Materials to be used for the construction of the decathlon the Physics subject and related activities (source: own
photos by Dr George Tsalakos)

For STEM and Non-Stem Lessons
Interactive whiteboard
2nd group of students
•

Computer and Video Tracker software (http://physlets.org/tracker/ )

•

Movie (Physics_Projectile_Motion_angry_birds.mp4). The movie can be download from the
link: http://physics.divinechildhighschool.org/Home/old-projects/physics-of-sports/physicsof-sports-resources/angry-birds---video-analysis

st

•

Ruler (in millimeters)

•

Millimeter paper

•

Pencil

rd

1 , 3 and 4th Group of students
• Stand / Table
• mini launcher (Pasco, if you don’t have it you can work with the catapult and measuring the angle
and velocity of the ball)
• Iron ball (16 mm)
• Ruler / tape measuring 2m long (calibrated in millimeters)
• Oil paste
• Paper / carbon

Figure 3: Source: own photos
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Online tools:
Video Tracker software (http://physlets.org/tracker/)
Movie

(Physics_Projectile_Motion_angry_birds.mp4):

http://physics.divinechildhighschool.org/Home/old-projects/physics-of-sports/physics-of-sportsresources/angry-birds---video-analysis
Google Spreadsheets: https://docs.google.com/spreadsheets/
GeoGebra: https://www.geogebra.org/
Graph 4.4.2: https://www.padowan.dk/
Videos:
•

Trebuchet Siege Artillery - Battle Castle with Dan Snow:
https://www.youtube.com/watch?v=pR26RMI9T8c&t=41s

•

Mangonel Siege Artillery - Battle Castle with Dan Snow:
https://www.youtube.com/watch?v=yi4p8ZR4n28

•

Perrier Siege Artillery - Battle Castle with Dan Snow:

https://www.youtube.com/watch?v=wfzFnLOpZYM
21st century skills
This lesson plan will enhance among the students the following skills, defined as 21st century skills:
Collaboration: students work in groups to be able to extract their results and their constructions
Creativity: students will work in teams to construct their own catapults
Critical Thinking: students will conceptualize how they will construct their catapult and anticipate how
to construct the winning catapult. In addition, they are going to think how any relationship can be
expressed as linear in mathematics
Information, Media and Technology skills: students will work also with online tools/software and they
are going to use sources of the internet to find information about tasks that they must do in History
lessons. Furthermore, students will improve and practice their presentation skills.
Life and Career Skills: since that they are improving and working in their critical thinking skills and also
their technology skills this will give them some skills that they will use them in life and in their
career.
Lesson Plan1
The implementation of integrated STEM teaching and learning is facilitated using specific pedagogical
approaches (PBL, IBL, etc). In order to facilitate the research done by the teachers and the design of
activities by teachers, a selection of such approaches is presented in Annex 1. Maintaining Annex 1 in
the Learning Scenario and citing where necessary is mandatory.

1

For this learning scenario several worksheets to be used by students were designed by the team of teachers.
They can be found under Annex 3.
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Name of

Procedure

Time

activity
1st Lesson
Brainstorming

The teacher has a plastic spoon and a ball that represents a makeshift

and discussion

catapult if we hold it with one hand on the table. Students watch a video
and the teacher further demonstrates how we can throw the ball with the

8΄

spoon.
The following instructions are used to organize a competition for sticks and
tires:
You have two big sticks, twelve small sticks, rubber bands, a bottle cap and
a ball. With these materials you will need to make a catapult that will launch

20΄

the ball as far as possible. At the end of the year each team will throw the
ball and the throw distance will be measured. When firing, a large stick
should rest on the table continuously. The winner is the team that will be
able to throw the ball farther. (Tsalakos & Polykarpopoulou, 2016)
Questions after the competition:
1. What do you think this team did best and the ball went farther?
2. Which team did the ball go higher?
3. What would you improve for the ball to go farther?
4. What would you improve for the ball to go higher?
5. Where can the catapult be used?
6. What kind of trajectory does the ball make from the catapult?
Discussion and Through the brainstorming of students' responses, we formulate the final

8΄

preparation for lesson plans and guide the discussion in relation to the themes we have
the next lesson

involved in the lesson plans. Students must be prepared of what they must

9΄

do in the following lessons in different STEM and non-STEM lessons
according to our lessons plans.
2nd Lesson
STEM Subject 1 -

Physics

90΄

Physics
Group activity

In this lesson, we will explore the topic of Horizontal Projectile motion
with experimental setup. A video tracker software will be used, in
order to observe the dependence of the projectile to initial velocity

5΄

and angle of the shot.
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Name of

Procedure

Time

activity

We are going to have 3 groups of students with 3, 4 or 5 students in
each group. Two groups of students are going to work with the
experimental setup and the other 2 groups of students with the Video
Tracker software analyzing a video that will be given to students.
First group of students
In the first groups they will be given instructions so to prepare their

10’

experimental setup as the photo that is followed.

Figure 4: Source: Picture from experimental guide educational guide
of the company that provides them (Pasco) and can be found in the
link (page 23):
https://www.yumpu.com/en/document/read/32217006/projectilelauncher-short-long-version
20΄

The purpose of this experiment is to determine and determine the
range of values of the horizontal and vertical distance a ball is fired at.
The initial velocity is calculated by launching the ball horizontally and
measuring the ball's height and horizontal distance
Students are going to investigate the connection between horizontal
and vertical distance according to their measures and to see in a graph
that will be done in hand the parabolic orbit of the sphere from mini
launcher. At the end they are going to take a series of measurement
of horizontal and vertical projectile so these experimental data to be
used in the following lessons and in the theory of physics that they
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Name of

Procedure

Time

activity

were taught in previous lessons. They are going to study motion
equations in both axes of the projectile.
2nd group of students
This activity is based on an analysis of horizontal projectile using a
movie from the popular video game "Angry Birds"
Through this activity’s students will gain an acquaintance with the use
of this software and its capabilities.

10΄

Instructions of downloading the software can be uploaded from the
webpage

(instructions

in

Greek

language)

http://www.schools.ac.cy/eyliko/mesi/themata/fysiki/analysi_video.
html. This activity by itself is proposed from the ministry of Education
Youth, Sports and Culture in Cyprus Republic (Annex 1 bibliography in
Greek Language)
20΄

Figure 5: Source: Picture taken from the video can be found in the
link: http://physics.divinechildhighschool.org/Home/oldprojects/physics-of-sports/physics-of-sports-resources/angry-birds--video-analysis
The students first will work on the tracker program so to learn the
program and to be able to extract experimental results
Extracting experimental results from the given video to their working
sheet so to make the graphs of the dependence of y according to time

10΄

and x axes.
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Name of

Procedure

Time

activity

3rd Group of students
What is the Initial Velocity of mini launcher in each place (3 places of
the mini – launcher with the law of conservation of Energy)
In the group will be given instructions so to prepare their
experimental setup as the photo that is followed.

20΄

Figure 6: Picture from experimental guide educational guide of the company that provides
them (Pasco) and can be found in the link (page 27):

https://www.yumpu.com/en/document/read/32217006/projectilelauncher-short-long-version

10΄

The purpose of this experiment is to determine and determine the
range of values of the velocity that mini-launcher can give. The initial
velocity is calculated by measuring the height in each time so to be
able to extract the velocity through kinematics equations.
At the end they are going to take a series of measurement of velocity
and height so these experimental data to be used in the following
lessons and in the theory of physics that they were taught in previous
lessons. They are going to study motion equations in both axes of the
projectile. Extracting experimental data
4th group of students
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Name of

Procedure

Time

activity

Dependence of the range on the shooting angle for a constant starting
speed
In the first groups they will be given instructions so to prepare their

20΄

experimental setup as the photo that is followed.

25΄

Figure 7: Picture from experimental guide educational guide (same level shoot) of the
company that provides them (Pasco) and can be found in the link (page 20):
https://www.yumpu.com/en/document/read/32217006/projectile-launcher-short-longversion

10΄

15΄

The purpose of this experiment is to determine and determine the
range of horizontal distance according to the shooting angle.
At the end they are going to take a series of measurement of x and
initial angle so these experimental data to be used in the following

5΄

lessons and in the theory of physics that they were taught in previous
lessons. They are going to study the dependence of horizontal range
according to the initial angle of the shooting.
Total time till now for all groups of students: 35 minutes
All the groups
Working on their experimental data in groups. Teacher will help all of
them of extracting the dependence of what they must do.
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Name of

Procedure

Time

activity

Students are going to explain their experimental data and to make a
presentation about their experimental data and their explanations so
to be able to represent them in the class last 15 minutes
Presentation of the results and explanation of their measurements in
the whole class from each group
Final discussion and open questions about their experimental data
and how are going to work on the experimental in the following STEM
lessons. Open questions that will make students to wonder why and
to work finding these answers in other lessons that are followed.
Detailed time allocation per group:
5 minutes for initial discussion about the procedure of the lesson
1st group
10 minutes for preparation of the experimental set-up
20 minutes for extracting experimental data
2nd group
10 minutes working on the program and learning the aspects with
video tracking
20 minutes for extracting experimental data
3rd group
10 minutes for preparation of the experimental set-up
20 minutes for extracting experimental data
4th group
10 minutes for preparation of the experimental set-up
20 minutes for extracting experimental data
All the groups at the end
25 minutes working on their experimental data
10 minutes for making their presentations
15 minutes for doing their presentation in the class
5 minutes for final discussion
14
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Name of

Procedure

Time

activity
Learning
products

At the end of the lessons we are going to have the following learning products:
•

2 tables of experimental data of axes x and y about horizontal projectile
motion (these products are going to be used in the lesson of
mathematics for linearization and in the lesson of IT for using online
tools of making a graph)

•

Experimental data for the initial velocity and the dependence

•

4 presentations and explanations about their experimental data from
projectile motions in different cases.

•

The students completed their worksheets with all experimental data in
different cases
3rd Lesson

STEM Subject 2
Data analysis

Informatics Technology

45΄

Use data extracted from Physics Experiment to plot graphs. Evaluate

45΄

the software / online tool used.
Procedure

The students are divided in three (3) working groups. Each group uses
a specific open source software/online tool for plotting graphs.
5΄

Group 1 will use GeoGebra (Annex 2, Online Tools),
Group 2 will use Google Spreadsheets (Annex 2, Online Tools) and
Group 3 will use Graph 4.4.2 (Annex 2, Open Source Software).
The teacher gives Instructions and guidelines to each team about their

10΄

task.
The students are not familiar with the software/online tools
mentioned above. Therefore, they will have to explore and
experiment with the software /online tools in order to learn how to

20΄

plot graphs. During this process, the teacher monitors each group and
offers help and guidance. The students can use the internet to look
for help e.g. video tutorials on YouTube. The purpose is for the
students to feel confident to learn by themselves how to use a
software / online tool.

20΄
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Name of

Procedure

Time

activity

After the experimentation and learning of the software / online tool,
the teacher asks the students to use the data which they recorded
from their Physics Lesson experiment and plot a graph.
15΄

Each group will prepare a short presentation for evaluating the
software / online tool they used and presenting the graph they
created. In the presentation, each group should include the
difficulties they encountered in learning and using the software /
online tool, advantages and/or disadvantages and whether they
would recommend it or not.

10΄

Presentations of their work and final discussion.
Learning

The students plotted graphs (quadradic and Linear expression) using Google

products

Spreadsheets (Annex 2, Graphs, Graphs 1).
The students plotted graphs (quadradic and Linear expression) using GeoGebra
(Annex 2, Graphs, Graphs 2).
The students plotted graphs (quadradic and Linear expression) using Graph
4.4.2 (Annex 2, Graphs, Graphs 3.)
Each working group evaluated the software / online tool they used and prepared
a presentation.
4th Lesson

STEM Subject

Mathematics

90’

3
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Name of

Procedure

Time

activity

Linearization

Start by asking students to guess an approximation of square root of

of

17 without using a calculator.

5΄

mathematical
and Physics

Give students a graph of square root of x and ask them to draw the

formulae

tangent at x=17. Ask students to find an approximate gradient of the
tangent using a right-angled triangle. Students can then derive the

20’

equation of the tangent using y-y1=m(x-x1) using the point (16,4).
Using this equation, students are then asked to find the value of y for
x=17 and compare it with the square root of 17.
Using the fact that the gradient of the tangent to a curve is found
using the derivative of the function, students can reach the conclusion

10’

that a suitable linear approximation would be y-f(x1)=f’(x1)(x-x1)
Using the above, students will find an approximate linear
approximation of the function y=cosx and derive an estimate of

20’

cos1,05 using x=pi/3 as a starting point. Discuss about the percentage
error in this linear approximation example.
How to use linear approximation in formulae – why is it needed
especially if there are few measurements in experiments.
Working with students to transpose Mathematics and Physics
formulae in the form y=mx+c.

20’

Examples – questions with also involve the use of natural logarithms
T=2pi * SQR((L+a)/g)
I=Io.e^(-mx)
Use of measurements from experiments to make further estimates
using linear approximation by plotting the points will be taught and
used in the 3rd Lesson using computer software.

15’
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Name of

Procedure

Time

activity
Learning
products

By the end of the lesson we are aiming to have the following learning products:
•

Understanding of why linear approximations are used (plotted graphs
on papers)

•

Understanding of how linear approximations are used graphically
(plotted graphs)

•

Understanding of how linear approximations algebraically
5th Lesson

non-STEM

Greek History

2x45΄

subject
Procedure

The students are divided in two (2) working groups. Both use this link
http://greekworldhistory.blogspot.com/2013/06/blog-post.html

to

find out the key elements of the catapults, in order to fill in their
worksheets. The teacher gives Instructions
A GROUP
• What exactly was the catapult?
• Who was its Inventor?

25΄

• What was catapulting?
• Which nationalities did they use it first?
• When were the catapults perfect?
B GROUP
• What was the use of the catapults in a battle?
• How were they used in attack and how in defence?
• What were the categories of catapults based? (Introduce the types
of catapults)
During this process, the teacher monitors each group, offers help and
guidance and solves any questions.
Each group presents their findings and conclusions (from their

10΄

worksheets).
The teacher gives the link of three related videos showing how the

15΄

main types of catapult worked and the link of Kostas Kotsanas
18
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Name of

Procedure

Time

activity

museum (Museum of Ancient Greek Technology in Athens) asking
from students to find pictures of different kind of catapult.
Video
• https://www.youtube.com/watch?v=pR26RMI9T8c&t=41s
• https://www.youtube.com/watch?v=yi4p8ZR4n28
• https://www.youtube.com/watch?v=wfzFnLOpZYM
Museum
http://www.kotsanas.com/cat.php?category=14
The students are divided in two (2) working groups. Teacher gives
each group different primary historical sources to connect the
catapults to important historical battles of ancient and Byzantine

15΄

history.
During this process, the teacher monitors each group, offers help and
guidance and solves any questions.
Each group will prepare a short presentation and students announce

10΄

their findings and conclusions.
10΄
Presentations of the students to the whole class
Final discussion and analysing all the results. A video in movie maker
will be done from all students as a homework with their finding so to

5’

discuss it in our next lesson in History.
Learning
products

•
•
•
•

The students completed their worksheets with elements about
catapults
Story telling about the history of catapults and the way that they were
used in History
Each working group: prepared presentations with their conclusions
Students working as a group or individual prepared videos about
catapults (movie maker)
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Assessment
A final project will be done from all groups of students explaining the procedure that they have done
for the whole Learning Scenario with all experimental data and graphs that they must implement.
Movie from the student’s about catapults with movie maker
Initial assessment
Outcome of discussions.
Formative evaluation
Project-based
Final assessment
Projects and data analysis results.
Teacher feedback

Regarding the implementation:
All the lessons took place at the school in a computer lab, so teachers and students had access
to computers, video projector, internet and individual computers for each student or team of
students. Students worked also individually and collaboratively in teams at all lessons.
In the initial lesson after the initial evaluation students took part in a construction contest of
a catapult where they had the chance to construct their own catapults giving their ideas in
action, which intrigued their minds and raised questions. In the initial session they saw also
the trajectory of the ball which it was nonlinear, something that was explained in mathematics
lesson with the linearization of relations. In the History lesson the students took a history
journey throughout the ancient times, the byzantine period, and Modern History. They are
also the different working styles of the catapults throughout time.
In physics they worked in different trajectories of the ball that is coming out of a catapult. We
worked with Pasco tools in a different experimental setup and with video analysis of
projectiles of a ball. The students used all the data that they received from physics
experimental lesson next day so to work on Open Recourses software’s like Graph4.2,
GeoGebra, Googles sheets, Excel so as to reproduce the nonlinear graphs and then to convert
them into linear graphs with the knowledge that they got from Math’s lesson.
Regarding the learning outcomes:
Initial lesson: Construction of catapults from the students, creativity
Maths: Using tangents in linear approximations and estimating the percentage error,
converting nonlinear equations to linear with emphasis to physics formulae
History: they learned to distinguish the different types according to the working type of them
and also where they got used in History
Physics: They learned to using experimental setups so to extract experimental data and to
explaining the data according to the trajectories.
IT: To use open resource programs from Internet so to make their own graphs
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Regarding the real-world questions and STEM profiles examined:
The questions that were implement in the lessons where questions for which the students had
to see the projectile and to say what they remember to them from athletes, or sports even
football or basketball which are similar with the catapults sending the ball anywhere.
One of the questions that they liked also is by what angle we can have maximum distance for
the ball and how this will be implement in sports with balls or sports with projectiles.
Also, questions were set in news about war machines and how those machines are similar to
ancient war machines like catapults (similarities and differences of the two types of the
machines).
Focus was given to the below careers:
o Sports and military careers
o Sports: with the sports which use projectiles like catapults (javelin)
o Military careers: in artillery and war school - military training with shots - guild school
On teaching outcomes and students’ reception:
Cooperation with other teachers was rather highlighted during the process, we used the
knowledge of one subject to cover and contextualize knowledge of other STEM subjects. We
broadened our horizons to see the implantation of our themes to other STEM subjects.
It’s amazing – it takes a lot of work to implement it, but the outcome is working and also
students are happy. Actually if you want to implement this Learning Scenario you have to
cooperate a lot with the teachers that will be in your team so all teachers to have clear view
of the scenario and the learning outcomes that we want to get from students.
When it comes to the time allocated:
We had some problem with time in Physics (students were not familiar with experimental
setups so we also need 3 periods instead of 2). Time issues occurred also in History with the
Kahoot platform which made them enthusiastic and eventually spent more time on it to
complete better their tasks. All the other activities were timely implemented.
In Physics students had the chance to create their own experimental setup something that
they don’t usually do as the experiments usually are given from the teacher.
In Mathematics some of the students has difficulties with preexisting knowledge (equation of
tangents, percentages)
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Annexes
A thorough and complete list of all the materials used will be asked from all teachers. Those materials
will be cited as Annexes and they can be further cited in the learning scenario.

Annex 1

PEDAGOGICAL TRENDS IN EDUCATION

Disclaimer: Information presented in this document has been previously
partially published in the Scientix Newsletter “Pedagogical trends in
education”, May 2019:
http://files.eun.org/scientix/scx3/newsletter/Scientix-Newsletter-May19.pdf

Inquiry-based science education
IBSE adopts John Dewey’s principle that education begins with curiosity (Savery, 2006), and
makes students go through all the steps of scientific research: ask a question, develop a
hypothesis, plan how to test this hypothesis, collect data, analyse the results and share it with
peers (Pedaste et al. 2015). IBSE is ideal for science education, because it makes teaching more
hands-on, and is perfect to learn how scientific research works. Students learn how to
formulate questions answerable through experimentation. The teacher has both a facilitator
role and an instructor role, making it an in-between method compared to full facilitation in
problem-based, and instruction in project-based learning. However, the approach can be
gradually made student-directed; students can start an IBSE project with a question provided
by the teacher, and then can come up with their own questions to transfer what they learned
for deeper learning.
IBSE does not only tap into creativity, problem-solving, and critical and analytical thinking. It
also sets the stage for learning about how to collect and interpret data (become science and
data-literate), and how to do this ethically and reliably. All these are skills of the 21 st century,
where data is abundantly available in every part of life.
As mentioned in the recent European Schoolnet publication, while inquiry-based science
education (IBSE) has been already around in STEM education for decades, there is still much
room for improvement in teachers’ development and continued dissemination of innovative
pedagogical approaches. To highlight the impact of IBSE, its challenges, and the initiatives
addressing these, we published the “Teacher Training and IBSE Practice in Europe, A European
Schoolnet overview”.
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Research shows that IBSE results in greater interest in Science, and motivation for STEM
careers. Another important observation from the publication is that the benefits of IBSE are
long-term and maintained, in contrast to the short-term acquisitions of traditional pedagogies
that also come with less inclusion of both genders, and less interest in STEM.
One challenge is teacher support: teachers report that they receive little support in
implementing IBSE in their classroom. Another challenge to IBSE is standard assessment: PISA
tests, as well as end-of-secondary-education exams, are still more focused on recall and
repeated-drill exercises, deterring the use of more diverse pedagogies. In order to better
integrate inquiry-based methods in school curricula, standardized tests also need to evolve
along with traditional pedagogies.
Problem, project and challenge-based learning
Problem-based learning (PBL) is a student-centred multi-disciplinary method that was initially
adopted in medical education as a means to put multiple topics in context (Newman, 2003)
PBL aims to make students good problem-solvers in the real world: for instance, to put
knowledge from multiple disciplines into use, and be able to work with others productively.
After all, real-world problems are hardly ever solvable by one single discipline and one single
person.
A PBL activity consists of working on an open-ended, even ill-defined question, with no
solution provided by the teacher. Students need to work collaboratively and devise a solution
to the problem by themselves. The key component is that it is student-centred; students are
more motivated when they are responsible for the solution to the problem, and when the
whole process rests with them (Savery, 2006). Decades of research has established that
although students who went through PBL do not necessarily score better on standardized
exams, they are definitely better problem-solvers (Strobel & van Barneveld, 2009).
Project-based learning also involves collaborative learning and finding a solution to a
problem. However, the process and the end product are more specified from the beginning.
Students work on a project for an extended period of time, a project that will produce a
solution to a complex question or solve a complicated problem. The role of the teacher is more
active here because multiple obstacles are typically encountered in the production of
something like a rocket, or a space habitat, and these obstacles mark the moments for the
teacher to instruct specific topics.
Finally, with challenge-based learning (CBL) (Johnson et al. 2009), students are again asked to
develop a solution to a problem. However, they are only provided with a “big idea”, a societal
problem that they need to address with a challenge of their choosing (e.g. disinterest in
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mathematics, low upturn in elections). While the use of technology can be considered optional
in other trends, technology needs to be incorporated in every step in CBL. Similar to projectbased learning, there is an end product, although this product is determined in the process,
not at the beginning. The focus is on the use of ICT in the collection of data and sharing the
results.

Design thinking
If IBSE recreates scientific methodology in the classroom, design thinking (DT) does the same
for design and prototype production. DT helps students develop the skill to identify problems
and needs in the society, and entrepreneurship. DT can be implemented within problem or
project-based learning; the difference is that the problem is identified by students, and the
end product is a prototype to solve the problem. The product is tested and refined in multiple
iterations. Students go through a cycle of steps: (1) empathize; (2) define; (3) ideate; (4)
prototype; (5) test.
Blended-learning and the flipped classroom
In a classroom where all students are facing the instructor, each moment there will be
students drifting from the topic, even if for thinking deeper about a specific point in the
lecture. It is challenging to have the undivided attention of the whole classroom because each
student has a different way of learning and a different pace. With online content, students
can learn the material at home at their own pace. In turn, the teacher can use the classroom
to engage students in debates, projects and group assignments. Blended-learning and flipped
classroom are instructional strategies that help students learn in their own pace, and deepen
their learning with making the most of classroom hours. Although these concepts are used
interchangeably, they are slightly different: while blended learning complements online
learning with class instruction and support, the flipped classroom requires students to learn
the material before coming to class and do assignments and projects during class hours.
Content and Language Integrated Learning (CLIL)
Content and language integrated learning (CLIL) is a well-positioned pedagogical approach
that emphasises on the integration of foreign language and thematic content within the
context of all school subjects. CLIL is a pedagogical approach that allows to teachers and
students use a foreign language as the medium of instruction in non-linguistic subjects,
allowing this way the practice and improvement of both the second language and the
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immersion to subjects that may vary from science subjects to humanities. According to Cenoz
et al. (2013) "the European Commission and the Council of Europe have funded many initiatives
in support of CLIL because it responded to a need in Europe for enhancing second-language
(L2) education and bilingualism that was well-received" and research further supports that
CLIL is applied successfully in task-based pedagogies. In addition, when it comes specifically to
the application of CLIL in the science classroom there are specific advantages including
enabling learners to learn a school subject that exists in their curriculum using the respective
second language they are learning, provide authentic learning settings while using the
resources available at their school and support learners’ cognitive skills by equally supporting
language practice and the teaching of science context.
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Annex 2

3rd Lesson Informatics Technology
Online Tools
Google Spreadsheets: https://docs.google.com/spreadsheets/
GeoGebra: https://www.geogebra.org/
Open Source Software
Graph 4.4.2: https://www.padowan.dk/
Graphs (simple graphs with the programs in given data, students graphs may be different but
on the same shape)
Graph using Google Spreadsheets: Graphs 1
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Graph using GeoGebra: Graphs 2
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Graph using Graphs application: Graphs 3
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Annex 3
Worksheet used in History
STE(A)M IT INTEGRATED LESSON PLAN
Catapult as a working machine in STEM lessons
and as a war machine in History

___________________________________________________________________________
_______
HISTORY: WORKING SHEET
SUBJECT: The use of catapults in ancient, Byzantine, and modern history

1st lesson hour
INTRODUCTION – RAISING STUDENTS INTEREST (5΄)
https://www.youtube.com/watch?v=5nq4rVlbKZg
Etymology



Catapult

Cata (against) + Pult (shield)  Machine that aims against the pulps, i.e. the machine that
attacks the enemy's defence.
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It was invented in Sicily by engineers invited by the tyrant of Syracuse Dionysios the Elder in
399 BC. during the preparations he made for his campaign against Carthage. When the fleet
of the Carthaginians, under Imilkas, suddenly entered the port of Moti (in Sicily) the
Syracusans, as narrated by Diodorus of Sicily (ND 3):
“From the earth the catapults were painted, often of the enemies rise. And it was a great
surprise that this arrow had been found for the first time at that time so that Imilkas, who
could hold the force, sailed away”.
Catapult: ____________________________________________________________
TEAM A Name: ___________________________________________________
Investigation:
•
Use the catapult information provided on the website below and answer the following
questions. (15’)
http://greekworldhistory.blogspot.com/2013/06/blog-post.html (History blog including a
post on catapults and their use)

1. What exactly was the catapult? Who was his inventor?
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
______________________
•
2. What was the use of catapults in a battle? How were they used in an attack
(attackers) and how in the defence (defendants)?
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
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___________________________________________________________________________
______________________________________________________________________
•
3. When were the catapults perfected? From which peoples?
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
__________________________________________________

PRESENTATION OF FINDINGS (5΄)

TEAM B Name: ___________________________________________________
INVESTIGATION
•
Use the catapult information provided on the website below and answer the following
questions. (15’)
http://greekworldhistory.blogspot.com/2013/06/blog-post.html (History blog including a
post on catapults and their use)
•
1. Which people used catapults?
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
________________________________________
•
2. What were the main categories of catapults based on their principle of operation?
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___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
____________________________________________________________
•
3. Present the different categories of catapults.
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
____________________________________________________________

PRESENTATION OF FINDINGS (5’)
•
•
•
•
•
•
INVESTIGATION
Sources through which the use of catapults in ancient, Byzantine and modern history is
highlighted. (10’)
 USE OF CATAPULTS IN ANCIENT TIMES
As military tactics evolved, catapults began to be used in traffic operations as well. The first to
use moving catapults, against the initially static ones, was Alexander the Great, while crossing
the river Tanaida.
Alexander the Great wounded by catapult during the siege of Gaza (October 332 BC)
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[…] Meanwhile, while one day Alexander was sacrificing and was crowned and ready to

start according to the custom the sacrifice of the first carcass, a carnivorous bird flew over
the altar and let a stone fall on Alexander's head. Alexander asked the seer Aristander what
the divine sign meant. The seer replied: "My King, you will conquer the city, but you must
be careful today." When Alexander heard this prophecy, he kept out of the firing range for
a while, close to the machine guns; but when the Arabs tried to leave the city by putting fire
to the Macedonian machines and firing towards the Macedonians and to push them to the
artificial embankment, then Alexander either voluntarily disobeyed the advice of the seer
or was carried away by the vortex of the battle and forgot the prophecy; Although he
prevented the Macedonians from being pushed towards the embankment with a
disgraceful escape, he himself was hit on the shoulder with a catapult arrow, which pierced
his shield and chest. But as soon as he found out that Aristander was right about his injury,
he rejoiced because he believed that, according to Aristander's explanation, he would take
over the city as well.
ARRIANOS, Alexandrou Anavasis (2.25.4-2.27.2)
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 CATAPULT USE DURING BYZANTINE HISTORY

Crossbow with the proposed modifications so that the use of liquid fire is possible.
During the Byzantine period, the catapults developed much more, evolving into large war
machines, both as sieges and on battlefields by land and sea, taking the name "crossbows".
Catapults-Crossbows and Liquid Fire
How could the Byzantines launch at a sufficient distance the flammable and incendiary
substances, which in the sources are delivered under the general name "liquid fire", the
answer is, in our view, simple and is implied by the one who notes the following: “This
omission stems from the belief that, although important… in naval battles, it was, as we do, a
less important war machine and could not be compared to its factor. success of the
Byzantines, with their famous strategic and tactical system. Approximately the same
conclusion emerges from the study of the other purely mechanical structures at the disposal
of the emperor's generals. The old art of Roman engineering had been preserved almost
intact, and the arsenals of Constantinople were full of war machines whose deadly
effectiveness gave the less civilized peoples of the West and East a mysterious sense of
terror. The catapult, the onager and the crossbow were known and certainly used effectively,
in every siege."
C.W.C. Oman in his classical work The Art of War in the Middle Ages, 55.
 CATAPULT USE DURING RECENT HISTORY
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Albert
Einstein

"Nowadays old devices are rediscovered…"

French soldiers using a catapult to blow up grenades.
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(World War I)

The detachment catapult (aircraft catapult) is a specific catapult mechanism,
which launches planes allegedly on the deck of the warship.

2nd lesson hour
SYNTHESISED KNOWLEDGE
Based on the information you have in the worksheet and the links given below, prepare in
a creative way the presentation of your findings and conclusions.
BOTH TEAMS WILL WORK IN THE SAME WAY
1. Each group will create two sub-groups of 3 people.
2. One sub-group will create a kahoot (lasting 5’) with multiple choice questions, use of
photos to identify the type of catapult, etc.
3. The other sub-group will create a video (lasting 5’) in a movie maker which presents
basic information about the historical evolution of the catapult and its species.
TIMETABLE
• Α΄ and Β΄ Team: 20΄ creation of kahoot and video
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• Team A: 10’ presentation (5’ for each)
• Team B: 10’ presentation (5’ minutes for each)

USEFUL RESOURCES
1. Initial resource on catapults
http://greekworldhistory.blogspot.com/2013/06/blog-post.html
•
2. Videos showing how the different categories of catapults operate:
https://www.youtube.com/watch?v=pR26RMI9T8c&t=41s
https://www.youtube.com/watch?v=yi4p8ZR4n28
https://www.youtube.com/watch?v=wfzFnLOpZYM
3. Catapult related images (The siege technology of the ancient Greeks) from the
Museum of Ancient Greek Technology Kostas Kotsanas in Athens:
http://kotsanas.com/cat.php?category=14

FINAL DISCUSSION AND TEAMS’ ASSESSMENT (5΄)
ASSESSMENT CRITERIA

Percentage

Collaboration

30%

Participation

30%

kahoot

20%

Video

20%

TEAM A

TEAM B

38

Integrated STE(A)M IT Learning Scenario:
Catapults as a working machine in STEM lessons and as a war machine in History

Worksheet in Mathematics
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STE(A)M IT INTEGRATED LESSON PLAN
Catapult as a working machine in STEM lessons and as a war machine in History
MATHEMATICS : WORKSHEET
SUBJECT: Linearization of graphs with variable change

The lesson will proceed in each order. You will work in groups of 3 people as you are separated.
After the introduction, everyone will fill in his/her own worksheet and after a discussion, a
common worksheet will be delivered to the teacher.
After the delivery there is a discussion in relation to everything we have done. The score of
each group is extracted from the worksheets and your participation in the lesson.

Α. Square root of a real number.
1. Please fill in the following:
α. √9 =……………………………………………..
β. √16 =…………………………………………….
γ. √25 =…………………………………………….
•
2. Calculate the result of √16.3 without using a calculator and explain your logic.
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
…………………………………………………………….
•
•
•
•
•
•
•
•
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•
•

Β. Square Root Graph

•

The diagram below shows part of the graph of the curve with equation 𝑦 = √𝑥

3. Bring the tangent of the curve to its point with coordinates (16.4). Then calculate the slope
of this tangent and write its equation.
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
…………………………………………………………….
4. Using the above equation, find the value of 𝑦 for 𝑥 = 16.3
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
…………………………………………………………….
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5. Calculate the value of √16.3 using your calculator and compare it with the value you found in
4. What is your conclusion? Find the percentage error that occurred in your calculations.
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………….
6. Write the general form of the equation of the tangent of a curve at a random point with
coordinates (𝑥1 , 𝑦1 ).
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………….
7. Find the right equation of type 𝑦 = 𝛼𝑥 + 𝛽 so you can approach the values of 𝑦 = 𝑥 2 close
to the point with coordinates (3,9).
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
…………………………………………………………….
8. Based on the equation you found in 7., calculate the value of 𝑦 for 𝑥 = 3.4 and the value of
𝑦 for 𝑥 = 8.6
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
…………………………………………………………….
9. In each case, calculate the percentage error. What is your conclusion?
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
……………………………………………………………
Γ. Graph of a variable square function and its modification by changing variables to linear
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10. Complete the table below and then place the points corresponding to the ordered pairs
(𝑥 2 , 𝑦) in an orthogonal axis system. Write the variables you will have on each axis.
•
𝑥

0

1

2

3

4

5

6

𝑥2
𝑦 = 2 + 𝑥2

11. What is your observation?
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………

12. Convert the following equations to linear and write what variables you would have on the
axes in each case.
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α. 𝑦 = 𝑥 2 + 3
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
……………………………………………………………
β. 𝑦 = 2𝑥 3 − 1
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
……………………………………………………………
3

γ. 𝑦 = 4 + 5 √𝑥
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
……………………………………………………………
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Worksheet in Physics

Experimental Investigation of Shots
You will form 4 teams as you did in the first lesson. Each team will carry out a different activity
according to the following schedule:
1st team – Activity 1 (Pages 2 - 4)
10’ experiment preparation
20’ collection of experimental data
2nd team – Activity 2 (Pages 5 - 9, Annexes 1 and 2)
10’ study the program according to instructions (video tracker)
20’ collection of experimental data
3rd team – Activity 3 (Pages 10 - 12)
10’ experiment preparation
20’ collection of experimental data
4th team – Activity 4 (Pages 13 – 16)
10’ experiment preparation
20’ collection of experimental data

For all the team at teams
25’ to work on and complete the worksheets
10’ to prepare your Power Point to explain to your fellow students your activity
15’ 4’ for each team to present in the classroom
There will be an evaluation based on your presentation, the content of the presentation, the
drawing of conclusions and generally the participation of all students in the implementation
(group collaboration).
5’ for the final discussion
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Homework: All students will install the Tracker program (Annex 1) on your personal computer
and prepare an electronic file with graphs from the program following the order of the second
laboratory exercise (pages 5 to 9) (instructions available in Annex 2) with the video snapshot
you took on your phones during the catapult construction lesson. The works should be sent
to the email XXX by XXX.
The score of the final work will again be included in the final overall ranking for the winning
team.
Activity 1: Study of the trajectory in the horizontal shot
Material: Pasco ball launcher (Mini Launcher) with all accessories, duplicator adhesives,
carbon mounted on a board, adhesive tape, ruler.
Aims: The aim of this experiment is to determine the range of values of the horizontal and
vertical distance that a ball is thrown at an angle. The initial velocity is calculated by launching
the ball horizontally and measuring the height and horizontal distance of the ball.
Activity description:

Attach the device horizontally to the laboratory bench and make the diagram of the figure.
(The device must be in a horizontal position as shown clearly in the photo)
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Carrying measurements
Push the ball until the first (second) click is made and press the trigger. Note in level E the
trace left by the bullet when it hit it.
A. Measure the horizontal distance x and the vertical distance y.
B. Repeat steps 2 to 5 leaving the sphere from the same height h and moving the level E to
different positions and always have the sphere in the first (second) click.
C. Fill in table 1.1 with your measurements after every try
Table 1.1.
x (m)
y (m)
D. Draw the graph y=f(x).
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Edit measurements
Ε. What is the mathematical relation that expresses this graph? What dependence between
abscissa and ordinate of the graph?
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
F. What do we calculate from the slope of the graph at any given time?
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
……..
G.
Calculate
the
slope
of
the
graph
at
2
different
x.……………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
Η. Draw the graph y=f(x2)
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I. What do you notice now in relation to the format of the graph?
J. What do we calculate now from the slope of the above graph? Calculate the
slope.………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………
K. Given that the acceleration of gravity is g=9.8m/s2 calculate the measure of velocity με with
which you throw the ball to perform an horizontal shot.
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
……………………………………………………………
Activity 2: Study of the side shot
Required instruments/Tools:
• H/Y and Video Tracker software (http://physlets.org/tracker/)
• Movie (Physics_Projectile_Motion_angry_birds.mp4)
• Ruler (calibrated in millimeters)
• Millimeter paper
• Pencil
Activity Description
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Video Tracker (VT) software enables us to collect data on physical measures that describe the
movement of a body from video tape analysis. By analysing the film in snapshots, we can
monitor the evolution of the position, speed and acceleration of a body over time.
Using the Video Tracker software and the instructions given in Annex 2 study the horizontal
and vertical position of the spheres for each instance of the angry birds video you have on
your computer (if there is no program on your computer install it according to the instructions
in Annex 1). Each snapshot corresponds to the same time.
Work on the first snapshot of the table to extract all the procedures according to Appendix 2
and then the measurements will be edited from the photo on the next page.

Εικόνα 2.1: Η τροχιά ενός Angry Bird που εκτελεί πλάγια βολή

………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
…………………………………………………………………… The present activity is based on an analysis of the
movement of the side shot using a movie from the popular video game "Angry Birds".
The image shows 13 snapshots of Angry Bird movement. The time difference between two
consecutive snapshots is 0.033s.
The time scale is determined by the characteristics of the film. The specific movie we use
displays 30 snapshots per second, ie the duration between two consecutive snapshots is dt =
1s / 30 = 0.033 s.
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A. From the picture above, estimate the flight time of the Angry Bird., tflight.
•

Flights time, tflight =……………………………………………….

The spatial scale is determined by the known distance of two points in real space. The length
of the line segment KL shown in Figure 1 is 1.0 m in real space.
Motion is described by physical quantities defined relative to a reference system. In the case
of Figure 2.1, we consider the base of the sling as the principle Ο of the orthogonal coordinate
system.

B. Calibrate the axes and estimate the range, d, of Angry Bird.
Range, d = …………………………………………………
The motion performed by the body can, as in the horizontal shot, be analyzed in two vertical
components, independent of each other, which are described by the graphs of position - time.

C1. Fill in the table below by using Figure 2.1 and the space-time scales as defined earlier on.
#

0

1

2

3

4

5

6

7

8

9

10

11

12

x (m)
y (m)
t (s)

C2. Using the information from the previous table, draw the graph

, of the orizontal

position of Angry Bird in relation to time.
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D. Determine the type of motion that the Angry Bird performs, draw the line that passes closest
to all points of the graph, and calculate its slope and order. Write the physical significance of
these quantities?
Slope = ………………………………………………………………………………
Ordinate = ……………………………………………………………………….
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………
E. Using the data of the previous table, construct the graph

, the vertical position of Angry

Bird over time.
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F. Describe the type of movement that Angry Bird performs in the vertical direction?
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………
G. Divide the difference of the position component in the vertical direction by the y0 position of
Angry Bird at the time t = 0s with time and draw the graph

for t > 0s.

Η. Draw the line that passes through all points of the graph, determine its slope and ordinate.
What is the physical significance of the slope and the order of the line you constructed?
Slope = ……………………………………………………………………………….
Ordinate = ……………………………………………………………………………..
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………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
I. Using the results from D and H, calculate the initial speed

of the Angry Bird and the

shooting angle, θ.
……………………………………………………………………

q = …………………………………………………………………..
J. Draw in Figure 1 the vectors of velocity and acceleration at the highest point of its orbit and
write the measure of these two quantities.
Speed, u = …………………………………………………………………..
Acceleration, a = …………………………………………………………………..

A second Angry Bird is thrown from the same starting position and reaches the same
maximum height as the first. During its descent it hits the obstacle at the top of M.
Κ. Draw a possible trajectory of the second Angry Bird, in Figure 1, and estimate (without
calculations) the flight time until it hits the target.
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
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Team 3: Determination of the initial velocity by the launcher
Required Instruments / Tools:
•

Upright / Table

•

Launcher (mini launcher)

•

Iron sphere (16 mm)

•

Ruler / tape measure 2m long (calibrated in millimetres)

Objective: With this activity you will study the dependence of the range on the velocity of the
bullet as well as their dependence on the firing angle.

Description of the experimental activity
You will first need to calculate the launch speed of the bullet
for the three different firing positions of the launcher. In this
activity you will use a method based on the principle of
conservation of energy.
Position the launcher assembly so that it launches the ball
vertically upwards at a 90 ° angle. Place a 2m ruler on the table
and next to the launcher which you can attach in upright
position.
After placing the bullet inside the launcher, arm the spring in
its largest clutch (third position). Take a test shot to make sure
you can use the ruler to measure the height of the ball. If the
height is large enough to measure, you will need to lower the launcher to a lower height and
try again. You will need to measure the launch velocity for all reinforcement positions. One
person in the group should be able to read the maximum height they reach without
introducing parallax error.

Carrying out and processing measurements
Α. For each nozzle reinforcement position take 5 measurements of the maximum height,

, to

which the bullet reaches and complete Table 3.1. Calculate the average value of the maximum
height.
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Table 3.1
Nozzle position 1

Nozzle position 2

Nozzle position 3

Measurement 1,
Measurement 2,
Measurement 3,
Measurement 4,
Measurement 5,

Β. From the values of the maximum height you measured, calculate the square of the velocity for
each firing position of the launcher and fill in Table 1 according to the principle of conservation
of energy.
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
C. Do you think that the current launch rate measurement is affected by a systematic error?
Discuss in class factors that may introduce a systematic error in the above measurement and
suggest a way in which you could measure the contribution of the most important of the
factors you have considered.
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
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………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
Activity 4: Dependence of range on shooting angle for constant initial velocity

Required Instruments / Tools:
•

Upright / Table

•

Launcher (mini launcher)

•

Iron sphere (16 mm)

•

Ruler / tape measure 2m long (calibrated in millimetres)

•

Baking paper

•

Paper / carbon

Objective: To see the dependence of the range from the firing angle of the sphere and to
derive a dependence relation
Activity description
Attach the launcher to the edge of the table as shown
in the adjacent figure. The position of the sphere
should be at the same horizontal plane as that of the
table surface and the launcher should launch the
sphere towards the table.
Adjust the launcher to a 10 ° angle first and test a shot with the middle position of the
launcher. Place the carbon paper on the table where the ball hits the table and secure it with
paper tape.
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Measurements and their processing
Α. Try 3 shots with the average speed value. Measure the range, (i takes values 1, 2, 3) for
each of these shots. Calculate the average value of the range, and fill in Table 4.1 accordingly.
Β. Repeat the previous step for all angles from 10th to 80th with step 10th and complete the
remaining elements of Table 4.1. Also take measurements for a shooting angle of 45o.
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Table 4.1
Shot angle

Shot 1, d1
(m)

Shot 2, d2
(m)

Shot 3, d3
(m)

10o
20o
30o
40o
45o
50o
60o
70o
80o
C. Draw the graph

, of the range as a function of the shooting angle on the millimetre

paper given to you

D. Write your observations about the relationship that connects the shooting angle with the
range and the relationship of the shooting angles that give the same range. Write the angle
for which the range obtains the maximum value.
………………………………………………………………………………………………………………………………………………
…………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
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Ε. Then from the previous step compare the flight time of the sphere for the angles with the
same range and write your conclusions. For example, how does the flight time for shooting
angles 30ο και 600 compare? Explain in detail the arguments that lead to your conclusion.
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………F. Draw the graph

, of the amplitude as a function

of the sine of twice the firing angle θ, and draw the line that passes closest to your
experimental

points.

G. Να εξηγήσετε τη μέθοδο που χρησιμοποιήσατε. Considering the acceleration of gravity g
= 9,8m/s2 and the characteristics of the line you drew, calculate the launch velocity of the
sphere. Compare your result with the value you found in Activity 3 (ask the third group).
Explain the method you used.
………………………………………………………………………………………………………………………………………………
…………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
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Η. Calculate the range value based on the square values of velocity, angle and the theoretical
value of the acceleration of gravity and fill in the last column of Table 4.1. Compare with the
experimental measurement for each case.
………………………………………………………………………………………………………………………………………………
…………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………I. Draw the graph

, of the range as a function of the square

of the launch velocity and draw the line that passes closest to your experimental points. From
the graph calculate the acceleration of gravity and compare with the theoretically expected
value.

J. Write your conclusions about the dependence of the range on the shooting angle for a body
performing a side shot when the speed remains constant. Write your conclusions about the
dependence of the range on the initial firing speed when the firing angle remains constant.
………………………………………………………………………………………………………………………………………………
…………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
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Annex 1: Brief instructions regarding the installation of the Tracker software (notes from
Dhr George Tsalakou)
1. In a search engine we write in the search "Tracker video analysis". The search result is shown
below:

2. From the results’ list we click on Tracker Video Analysis and Modeling Tool for Physics
Education . This takes us to the Tracker website. (You can also go to the Tracker website by Ctrl
+ click at the link above).
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If we have an older version of Tracker installed on our computer we can upgrade it by selecting
the corresponding operating system we have on our computer in the line shown by the green
arrow (or in the corresponding link below):
Upgrade now to version 5.1.3: Windows OS X Linux 32 Linux 64
If we are going to install Tracker for the first time we click on the corresponding operating
system of our computer in the line that shows the red arrow (or the corresponding link below)
to download the installer of Tracker to our computer.
New to Tracker? Use these Tracker 5.1.3 installers: Windows OS X Linux 32-bit Linux
64-bit
The following steps concern the installation of the Tracker software for the first time.
For Windows, the following window will appear:

We then click on Save File. Tracker’s installation file will then be downloaded on our computer.
3. When the download of the file is completed on our computer we find the file and double click
to start the installation. The following window appears first:

We click on Next. The following window appears
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We select I accept the agreement and click on Next.
The following window appears.

Here we have the option to change the location to which we will install the Tracker.
For installation on our computer hard drive we will not change anything here.
(If we want to install the Tracker on a memory stick, we can change the installation address
with E: \ Tracker, where E is the letter corresponding to the memory stick).

64

Integrated STE(A)M IT Learning Scenario:
Catapults as a working machine in STEM lessons and as a war machine in History

Click Next. Another window appears.

In this window we have the option to select the installation of video files and experimental
files with Tracker. They are useful files, so I suggest you install them as well. Clicking Next
displays the window with the installation address of the videos and experiments:
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After selecting the address, you want the videos and experiments to install, click Next. The
final window appears before starting the installation.

We click on Next and the installation starts. This might last for a few minutes. When the
installation is complete the final window appears .

We click on Finish and our installation is completed.
Annex 2: Brief instructions for using the Tracker video analysis program (Notes by Dr. George
Tsalakos)
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1. Open the program. The Tracker interface is shown below:

2. We import the video that we will analyze.
Click on File -> Open File…. The dialog box will open

We find the video file we are interested in and click Open.
The video appears in the main Tracker window.
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3. We select the part of the video that includes the motion that we will analyse.
To do this we start the video by clicking on the green triangle in the video toolbar at the
bottom of the Tracker window.

After locating the initial and final frame of the track that we will analyze,
we click on the icon
to open the Clip Settings dialog box that appears
next to it. In this window we write the initial frame (Start frame) and the
final frame (End frame) of the video clip that we want to select and click
OK.
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4. We specify the scale in the video clip. Click on the icon
and from the options that appear
click on the Calibration Stick. The ruler shown below appears in the video window

By clicking and dragging on each cross we move the ruler on an object of known dimensions
(and which is at the level of motion we want to study). By clicking on the number that the ruler
has, we write the dimensions of the object (in meters if we want the unit of length to be the
measure). This way the Tracker can measure the distances needed to analyze the motion in
the video.
5. We place a system of axes in the video by clicking on the icon
. We move the axis system
where we want the axis to be. This is done by clicking on the beginning of the axes and
dragging it to the position we want. The small vertical line on indicates the positive half-axis
of x. By clicking on the positive half-axis of x we can rotate the axis system at any angle that
suits us for the study of motion.

6. We create a material point, which we identify with the body or the point
of the body, the motion of which we want to analyze. This is done by
clicking on the icon

and selecting Material point (??) from

the pop-up menu. The Control Panel window appears
, in
which the name of the material point (Body A) and the trace that will
appear when recording the movement of the body (in this case rhombus) are displayed.
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Worksheet in Technology
Experimental Investigation of Shots
You will form 4 teams as you did in the first lesson. Each team will carry out a different activity
according to the following schedule:
1st team – Activity 1 (Pages 2 - 4)
10’ experiment preparation
20’ collection of experimental data
2nd team – Activity 2 (Pages 5 - 9, Annexes 1 and 2)
10’ study the program according to instructions (video tracker)
20’ collection of experimental data
3rd team – Activity 3 (Pages 10 - 12)
10’ experiment preparation
20’ collection of experimental data
4th team – Activity 4 (Pages 13 – 16)
10’ experiment preparation
20’ collection of experimental data

For all the team at teams
25’ to work on and complete the worksheets
10’ to prepare your Power Point to explain to your fellow students your activity
15’ 4’ for each team to present in the classroom
There will be an evaluation based on your presentation, the content of the presentation, the
drawing of conclusions and generally the participation of all students in the implementation
(group collaboration).
5’ for the final discussion
Homework: All students will install the Tracker program (Annex 1) on your personal computer
and prepare an electronic file with graphs from the program following the order of the second
laboratory exercise (pages 5 to 9) (instructions available in Annex 2) with the video snapshot
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you took on your phones during the catapult construction lesson. The works should be sent
to the email XXX by XXX.
The score of the final work will again be included in the final overall ranking for the winning
team.
Activity 1: Study of the trajectory in the horizontal shot
Material: Pasco ball launcher (Mini Launcher) with all accessories, duplicator adhesives,
carbon mounted on a board, adhesive tape, ruler.
Aims: The aim of this experiment is to determine the range of values of the horizontal and
vertical distance that a ball is thrown at an angle. The initial velocity is calculated by launching
the ball horizontally and measuring the height and horizontal distance of the ball.
Activity description:

Attach the device horizontally to the laboratory bench and make the diagram of the figure.
(The device must be in a horizontal position as shown clearly in the photo)
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Carrying measurements
Push the ball until the first (second) click is made and press the trigger. Note in level E the
trace left by the bullet when it hit it.
A. Measure the horizontal distance x and the vertical distance y.
B. Repeat steps 2 to 5 leaving the sphere from the same height h and moving the level E to
different positions and always have the sphere in the first (second) click.
C. Fill in table 1.1 with your measurements after every try
Table 1.1.
x (m)
y (m)
D. Draw the graph y=f(x).
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Edit measurements
Ε. What is the mathematical relation that expresses this graph? What dependence between
abscissa and ordinate of the graph?
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
F. What do we calculate from the slope of the graph at any given time?
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
……..
G.
Calculate
the
slope
of
the
graph
at
2
different
x.……………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………
Η. Draw the graph y=f(x2)
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I. What do you notice now in relation to the format of the graph?
J. What do we calculate now from the slope of the above graph? Calculate the
slope.………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………
K. Given that the acceleration of gravity is g=9.8m/s2 calculate the measure of velocity με with
which you throw the ball to perform an horizontal shot.
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
……………………………………………………………
Activity 2: Study of the side shot
Required instruments/Tools:
• H/Y and Video Tracker software (http://physlets.org/tracker/)
• Movie (Physics_Projectile_Motion_angry_birds.mp4)
• Ruler (calibrated in millimeters)
• Millimeter paper
• Pencil
Activity Description
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Video Tracker (VT) software enables us to collect data on physical measures that describe the
movement of a body from video tape analysis. By analysing the film in snapshots, we can
monitor the evolution of the position, speed and acceleration of a body over time.
Using the Video Tracker software and the instructions given in Annex 2 study the horizontal
and vertical position of the spheres for each instance of the angry birds video you have on
your computer (if there is no program on your computer install it according to the instructions
in Annex 1). Each snapshot corresponds to the same time.
Work on the first snapshot of the table to extract all the procedures according to Appendix 2
and then the measurements will be edited from the photo on the next page.

Εικόνα 2.1: Η τροχιά ενός Angry Bird που εκτελεί πλάγια βολή

………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
…………………………………………………………………… The present activity is based on an analysis of the
movement of the side shot using a movie from the popular video game "Angry Birds".
The image shows 13 snapshots of Angry Bird movement. The time difference between two
consecutive snapshots is 0.033s.
The time scale is determined by the characteristics of the film. The specific movie we use
displays 30 snapshots per second, ie the duration between two consecutive snapshots is dt =
1s / 30 = 0.033 s.
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C. From the picture above, estimate the flight time of the Angry Bird., tflight.
•

Flights time, tflight =……………………………………………….

The spatial scale is determined by the known distance of two points in real space. The length
of the line segment KL shown in Figure 1 is 1.0 m in real space.
Motion is described by physical quantities defined relative to a reference system. In the case
of Figure 2.1, we consider the base of the sling as the principle Ο of the orthogonal coordinate
system.

D. Calibrate the axes and estimate the range, d, of Angry Bird.
Range, d = …………………………………………………
The motion performed by the body can, as in the horizontal shot, be analyzed in two vertical
components, independent of each other, which are described by the graphs of position - time.

C1. Fill in the table below by using Figure 2.1 and the space-time scales as defined earlier on.
#

0

1

2

3

4

5

6

7

8

9

10

11

12

x (m)
y (m)
t (s)

C2. Using the information from the previous table, draw the graph

, of the orizontal

position of Angry Bird in relation to time.
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D. Determine the type of motion that the Angry Bird performs, draw the line that passes closest
to all points of the graph, and calculate its slope and order. Write the physical significance of
these quantities?
Slope = ………………………………………………………………………………
Ordinate = ……………………………………………………………………….
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………
E. Using the data of the previous table, construct the graph

, the vertical position of Angry

Bird over time.
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F. Describe the type of movement that Angry Bird performs in the vertical direction?
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………
G. Divide the difference of the position component in the vertical direction by the y0 position of
Angry Bird at the time t = 0s with time and draw the graph

for t > 0s.

Η. Draw the line that passes through all points of the graph, determine its slope and ordinate.
What is the physical significance of the slope and the order of the line you constructed?
Slope = ……………………………………………………………………………….
Ordinate = ……………………………………………………………………………..
78

Integrated STE(A)M IT Learning Scenario:
Catapults as a working machine in STEM lessons and as a war machine in History

………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
I. Using the results from D and H, calculate the initial speed

of the Angry Bird and the

shooting angle, θ.
……………………………………………………………………

q = …………………………………………………………………..
J. Draw in Figure 1 the vectors of velocity and acceleration at the highest point of its orbit and
write the measure of these two quantities.
Speed, u = …………………………………………………………………..
Acceleration, a = …………………………………………………………………..

A second Angry Bird is thrown from the same starting position and reaches the same
maximum height as the first. During its descent it hits the obstacle at the top of M.
Κ. Draw a possible trajectory of the second Angry Bird, in Figure 1, and estimate (without
calculations) the flight time until it hits the target.
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
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Team 3: Determination of the initial velocity by the launcher
Required Instruments / Tools:
•

Upright / Table

•

Launcher (mini launcher)

•

Iron sphere (16 mm)

•

Ruler / tape measure 2m long (calibrated in millimetres)

Objective: With this activity you will study the dependence of the range on the velocity of the
bullet as well as their dependence on the firing angle.

Description of the experimental activity
You will first need to calculate the launch speed of the bullet
for the three different firing positions of the launcher. In this
activity you will use a method based on the principle of
conservation of energy.
Position the launcher assembly so that it launches the ball
vertically upwards at a 90 ° angle. Place a 2m ruler on the table
and next to the launcher which you can attach in upright
position.
After placing the bullet inside the launcher, arm the spring in
its largest clutch (third position). Take a test shot to make sure
you can use the ruler to measure the height of the ball. If the
height is large enough to measure, you will need to lower the launcher to a lower height and
try again. You will need to measure the launch velocity for all reinforcement positions. One
person in the group should be able to read the maximum height they reach without
introducing parallax error.

Carrying out and processing measurements
Α. For each nozzle reinforcement position take 5 measurements of the maximum height,

, to

which the bullet reaches and complete Table 3.1. Calculate the average value of the maximum
height.
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Table 3.1
Nozzle position 1

Nozzle position 2

Nozzle position 3

Measurement 1,
Measurement 2,
Measurement 3,
Measurement 4,
Measurement 5,

Β. From the values of the maximum height you measured, calculate the square of the velocity for
each firing position of the launcher and fill in Table 1 according to the principle of conservation
of energy.
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
C. Do you think that the current launch rate measurement is affected by a systematic error?
Discuss in class factors that may introduce a systematic error in the above measurement and
suggest a way in which you could measure the contribution of the most important of the
factors you have considered.
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
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………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
Activity 4: Dependence of range on shooting angle for constant initial velocity

Required Instruments / Tools:
•

Upright / Table

•

Launcher (mini launcher)

•

Iron sphere (16 mm)

•

Ruler / tape measure 2m long (calibrated in millimetres)

•

Baking paper

•

Paper / carbon

Objective: To see the dependence of the range from the firing angle of the sphere and to
derive a dependence relation
Activity description
Attach the launcher to the edge of the table as shown
in the adjacent figure. The position of the sphere
should be at the same horizontal plane as that of the
table surface and the launcher should launch the
sphere towards the table.
Adjust the launcher to a 10 ° angle first and test a shot with the middle position of the
launcher. Place the carbon paper on the table where the ball hits the table and secure it with
paper tape.
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Measurements and their processing
Α. Try 3 shots with the average speed value. Measure the range, (i takes values 1, 2, 3) for
each of these shots. Calculate the average value of the range, and fill in Table 4.1 accordingly.
Β. Repeat the previous step for all angles from 10th to 80th with step 10th and complete the
remaining elements of Table 4.1. Also take measurements for a shooting angle of 45o.
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Table 4.1
Shot angle

Shot 1, d1
(m)

Shot 2, d2
(m)

Shot 3, d3
(m)

10o
20o
30o
40o
45o
50o
60o
70o
80o
C. Draw the graph

, of the range as a function of the shooting angle on the millimetre

paper given to you

D. Write your observations about the relationship that connects the shooting angle with the
range and the relationship of the shooting angles that give the same range. Write the angle
for which the range obtains the maximum value.
………………………………………………………………………………………………………………………………………………
…………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
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Ε. Then from the previous step compare the flight time of the sphere for the angles with the
same range and write your conclusions. For example, how does the flight time for shooting
angles 30ο και 600 compare? Explain in detail the arguments that lead to your conclusion.
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………F. Draw the graph

, of the amplitude as a function

of the sine of twice the firing angle θ, and draw the line that passes closest to your
experimental

points.

G. Να εξηγήσετε τη μέθοδο που χρησιμοποιήσατε. Considering the acceleration of gravity g
= 9,8m/s2 and the characteristics of the line you drew, calculate the launch velocity of the
sphere. Compare your result with the value you found in Activity 3 (ask the third group).
Explain the method you used.
………………………………………………………………………………………………………………………………………………
…………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
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Η. Calculate the range value based on the square values of velocity, angle and the theoretical
value of the acceleration of gravity and fill in the last column of Table 4.1. Compare with the
experimental measurement for each case.
………………………………………………………………………………………………………………………………………………
…………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………I. Draw the graph

, of the range as a function of the square

of the launch velocity and draw the line that passes closest to your experimental points. From
the graph calculate the acceleration of gravity and compare with the theoretically expected
value.

J. Write your conclusions about the dependence of the range on the shooting angle for a body
performing a side shot when the speed remains constant. Write your conclusions about the
dependence of the range on the initial firing speed when the firing angle remains constant.
………………………………………………………………………………………………………………………………………………
…………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………
………………………………………
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Annex 1: Brief instructions regarding the installation of the Tracker software (notes from
Dhr George Tsalakou)
4. In a search engine we write in the search "Tracker video analysis". The search result is shown
below:

5. From the results’ list we click on Tracker Video Analysis and Modeling Tool for Physics
Education . This takes us to the Tracker website. (You can also go to the Tracker website by Ctrl
+ click at the link above).
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If we have an older version of Tracker installed on our computer we can upgrade it by selecting
the corresponding operating system we have on our computer in the line shown by the green
arrow (or in the corresponding link below):
Upgrade now to version 5.1.3: Windows OS X Linux 32 Linux 64
If we are going to install Tracker for the first time we click on the corresponding operating
system of our computer in the line that shows the red arrow (or the corresponding link below)
to download the installer of Tracker to our computer.
New to Tracker? Use these Tracker 5.1.3 installers: Windows OS X Linux 32-bit Linux
64-bit
The following steps concern the installation of the Tracker software for the first time.
For Windows, the following window will appear:

We then click on Save File. Tracker’s installation file will then be downloaded on our computer.
6. When the download of the file is completed on our computer we find the file and double click
to start the installation. The following window appears first:

We click on Next. The following window appears

88

Integrated STE(A)M IT Learning Scenario:
Catapults as a working machine in STEM lessons and as a war machine in History

We select I accept the agreement and click on Next.
The following window appears.

Here we have the option to change the location to which we will install the Tracker.
For installation on our computer hard drive we will not change anything here.
(If we want to install the Tracker on a memory stick, we can change the installation address
with E: \ Tracker, where E is the letter corresponding to the memory stick).
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Click Next. Another window appears.

In this window we have the option to select the installation of video files and experimental
files with Tracker. They are useful files, so I suggest you install them as well. Clicking Next
displays the window with the installation address of the videos and experiments:
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After selecting the address, you want the videos and experiments to install, click Next. The
final window appears before starting the installation.

We click on Next and the installation starts. This might last for a few minutes. When the
installation is complete the final window appears .

We click on Finish and our installation is completed.
Annex 2: Brief instructions for using the Tracker video analysis program (Notes by Dr. George
Tsalakos)
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7. Open the program. The Tracker interface is shown below:

8. We import the video that we will analyze.
Click on File -> Open File…. The dialog box will open

We find the video file we are interested in and click Open.
The video appears in the main Tracker window.
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9. We select the part of the video that includes the motion that we will analyse.
To do this we start the video by clicking on the green triangle in the video toolbar at the
bottom of the Tracker window.

After locating the initial and final frame of the track that we will analyze,
we click on the icon
to open the Clip Settings dialog box that appears
next to it. In this window we write the initial frame (Start frame) and the
final frame (End frame) of the video clip that we want to select and click
OK.
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10. We specify the scale in the video clip. Click on the icon
and from the options that appear
click on the Calibration Stick. The ruler shown below appears in the video window

By clicking and dragging on each cross we move the ruler on an object of known dimensions
(and which is at the level of motion we want to study). By clicking on the number that the ruler
has, we write the dimensions of the object (in meters if we want the unit of length to be the
measure). This way the Tracker can measure the distances needed to analyze the motion in
the video.
11. We place a system of axes in the video by clicking on the icon
. We move the axis system
where we want the axis to be. This is done by clicking on the beginning of the axes and
dragging it to the position we want. The small vertical line on indicates the positive half-axis
of x. By clicking on the positive half-axis of x we can rotate the axis system at any angle that
suits us for the study of motion.

12. We create a material point, which we identify with the body or the point
of the body, the motion of which we want to analyze. This is done by
clicking on the icon

and selecting Material point (??) from

the pop-up menu. The Control Panel window appears
, in
which the name of the material point (Body A) and the trace that will
appear when recording the movement of the body (in this case rhombus) are displayed.
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