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1. FUN@SCIENCE Project
The FUN@SCIENCE project is aimed at developing and testing a model for science education,
working on all school levels, based on the valorisation of 3D printing technologies and experiences.
Actually, 3D printing is being used in many schools to create interactive, mechanical and technical
lessons. This inspires young minds, guiding them to STEM careers and makes learning funnier.
Specifically, the project intends to:


promote STEM careers and logic and mathematics skills in school education, through a
model based on learning experiences supported by 3D printing activities which can
complement the classroom or succeeding where the classroom might have failed;



realise lesson plans built specifically around 3D printing in general, using it as a learning
tool, and providing benefits beyond standard educational curricula starting from the
assumption that 3D printing is not only a technology but it can also provide ways of learning
different subjects;



use 3D printing as a tool for supporting and improving in students the development of
global citizenship competences, through innovative formal and informal science education
teaching and learning;



develop the activities to all school educational levels, incorporating informal schooling
based on 3D printing activities in school curricula, allowing its accreditation and the
evaluation in the reference educational contents;



bring together a number of key stakeholders in school education, training policies and ICT schools, training providers and associations, education providers, organisations having
close links with policy makers, organisations with relevant technical expertise in ICT and 3D
printing.

To do this, partners are committed in making available for schools, families, experts working in the
field of education innovative products, among them:
-

Collection and analysis of interesting practices in at least 5 European Member States
about science education in curricular activities with reference to 3D printing activities, for
presenting the effects of informal science education related to 3D printing on students’
interest in scientific carriers and in the development of logic and mathematics skills;

-

Extracurricular activities based on 3D printing for designing and realising games (in the
primary school), for designing and realising more complex products (in the secondary junior
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school), and for scanning, designing and making different items related to the science lab
according to a well-defined educational project (in high school).
-

Open Educational Resources, including all didactical materials (e-learning modules,
interactive didactic tools, videos, etc...) for implementing the Fun@Science model uploaded
on the project website. The tools provided by the OER platform will allow teachers, trainers
and parents to build and develop innovative students learning paths by creating welldefined learning methodologies and tools.

-

Policy Guidelines to give suggestions for the implementation of global education models
incorporating informal schooling based on 3D printing activities in school curricula.

-

Testing and assessment formats and tools, to share the experimentation phases and to
compare results and impacts in order to highlight strengths and weaknesses of tested
model.

The project started on October 2017 and will end in September 2019.

2. Why a Handbook on exploiting 3D printing for science education and
scientific careers?

The necessity to develop a Handbook containing sets of activities based on 3D printing for the
improvement of students’ interest in scientific careers and in the development of logic and
mathematics skills, results mainly from the conducted transnational research, and on the results
from study circles carried out in each partner country.
The first activity under the Fun@Science project was the collection and analysis of interesting
practices in 5 European Member States (Portugal, Italy, Greece, Poland, Czech Republic) about
science education in curricular activities with reference to 3D printing activities, for monitoring the
effects of informal science education on students.
The research provided an overview of the potential educational methodologies and strategies
presented in the partner countries that can be implemented for letting the youngest generation
discover the possibilities given by the industry evolution, involving 3D printing at first. Starting from
the infant and primary school the little student can exploit the “learning by doing” methodology by
the imagination and the successive realization of toys that they will produce in the final step of the
Proj. n. 2017-1-PT01-KA201-035929
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experience. The educational path is designed also for the secondary and high schools, where the
growing student can acquire awareness and skills able to guide him into his future work and/or his
University studies.
From the best practices’ analysis the following findings emerged in order to provide suggestions on
the activities based on 3D printing technology that could be proposed within the Fun@science
project:


Primary School: Understanding the functionality of instrumental technology (tablet, iPad and
LIM); development of specific competences about geometry; design and create different types
of objects such as turtle, table, plant with their name; development of social and personal
competences.



Secondary junior school: Improvement of students’ professional skills, preparation for the
examination and development of the team working skills.



Secondary school: Teaching the students how to benefit from Open Source content in the
learning process; acquisition of mathematics competences for 3D design; have a problem
solving approach in order to stimulate the development of key competences as an essential
tool for the individual and social growth.

The second activity carried out within the project was the realisation of study circles - peer
learning experience involving school teachers and trainers aimed at sharing competences and
practices with reference to learning experiences supported by 3D printing activities at schools
which can improve students’ interest in scientific careers and on the development of logic and
mathematics skills.
During the peer learning activity, the participating teachers developed some mini projects with
ideas on how to incorporate 3D printing in mathematics, physics, geography, chemistry and so on.
They also pointed out that 3D printing evoked the idea of interdisciplinarity among the teachers as
they started to devise scenarios on how to connect their subject with this technology. Critical points
emerged on certain aspects of the process: mainly, the long term technical and maintenance
support for the technology at schools. The other aspect was the time frame in which 3D printing
operates. However, after a discussion on this matter, there was an understanding that the printing
itself is only the final phase of the work and can be running autonomously during the night time or
after class.
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All in all, the experience with the participants was very positive and they are convinced that the 3D
printing with a good quality printer is far easier than usually perceived, as well as being an
excellent methodology to be used to improve students' logical, mathematical and communicative
skills.
In the context of the obtained results, there was a need to support teachers and trainers in
appropriate competences and practices with reference to learning experiences supported by 3D
printing activities, through the preparation of a proper handbook.
The handbook will present the following functions:
-

Informative: will orient users in the different exercises and their purpose, give the material
in an orderly, transparent and accurate manner, familiar with the work methods.

-

Educational: the proposed exercises will contribute to the development of students’ logic
and mathematic skills and interest in scientific careers.

-

Educative: thanks to the exercises included in this handbook, additional competences will
be developed based on the teachers’ methodological suggestions which will stimulate
students’ creativity.

-

Interactive: classroom lessons will include students’ involvement through group
discussions, problem solving, project work implementation using IT devices.

-

Self-paced: the handbook will become an element of professional improvement and selfeducation facilitating teachers/trainers pedagogical work.

3. Aims of the Handbook
The handbook represents a prototype which defines a new learning model for primary, secondary
junior and high schools, based on interactive and innovative methodologies and didactic materials.
Its main aim is to improve students’ logic and mathematic skills and develop their interest in
scientific careers.
Supported by the Handbook, teachers and trainers will improve their competences and practices
with reference to learning experiences supported by 3D printing activities at school aimed at
improving the mathematical and logic skills in the students involved in the training activities. In
addition, the peer learning methodology tested during the study circles will allow teachers/trainers
to develop skills in organizing and planning learning activities, working collaboratively with others,
giving and receiving feedback and evaluating their own learning.
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The students, as it is known, will share their experience and opinions with their circle of friends
with reference to the new practices experimented at school and to the improvements these
approaches and tools brought to them at personal and educational level. So, the positive opinions
about school, learning, and teachers will be spread and a positive effect on the development of
students' interest in scientific careers will be generated and multiplied. Also, students with special
needs and/or disadvantaged backgrounds at social or cultural level will benefit from the
methodologies applied by the teachers using different approaches for taking care of pupils’
obstacles and difficulties. These approaches will allow to transmit knowledge and develop skills
based on individual inclinations, implementing a teaching program focused on an inclusive
education.
With reference to parents, the Handbook will support them to look the school from another
perspective: a different - positive and broader view about opportunities for development of their
own child will be created, by stimulating the child interest in scientific paths and improving his logic
and mathematics skills. The satisfaction with the positive changes in a given school shared with
other parents will reflect in defining particular requirements from parents for the schools attended
by their children thus stimulating other schools to implement the Fun@science model.
Finally, the involvement of policy makers in the project will support the systematisation of the
didactic model and the implementation of the reference operative tools for science education and
STEM promotion – specified at national level - on a broader scale in the regions represented in the
partnership.

4. How to use the Handbook
In order to achieve the main project objectives, the fun@science model has been designed on the
basis of the following requirements:


learning approach designed on different students’ age group;



teaching/learning methodologies with reference to the different educational level;



competences to be developed;



expected results of the learning approaches with reference to the valorisation of 3D
printing technologies and experiences not only as technology but as learning tool;



tools for developing approach and methodologies;



demonstration prototype related to the learning model implementation.
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In the next pages, several activities and handouts are going to be illustrated, with reference to
specific pupils’ age group, school levels and competences/skills to be developed. All these
practices can be easily tested by teachers and trainers who have at their disposal in each activity
sheet, information about activity's area, methodologies, age group, duration, aims and objectives,
materials and resources to be used and indications for preparing, implementing and follow up of
the activity itself.

According to the project schedule, the partnership will implement the piloting of activities and
handouts explained in this Handbook starting in January until September 2019 by involving 120
pupils and 20 school teachers/trainers at all educational levels (primary, secondary junior and high
schools) in at least 4 classes for each participating country. The piloting will allow students to “play”
with their technical, scientific, social and personal skills by strengthening their ability to build mental
maps by encouraging the growth of critical citizens actively involved in the future of society.
The methodologies and contents of the present Handbook will be revised based on the feedback
collected by the national workshops carried out in each country and addressed to school
teachers/trainers that will analyse its rationale, purpose, competences and open educational
resources.
Piloting results will be then reported and shared among partners and will be collected in a final
transnational report about the model implementation for encouraging STEM careers and global
learning. Report will contain the main quantitative and qualitative data and results of the piloting
activities together with the main suggestions for the implementation of global education models
incorporating informal schooling based on 3D printing activities in school curricula. The collected
data will be summarised in the policy guidelines elaborated by the partnership at the end of the
project.
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5.

Activities and Handouts
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1. ALGEBRAIC FRACTIONS FOR 3D PRINTER
Math, Geometry and Technology

Objectives
The student will be able to:
 use the basic functions of the SugarCad software (drawing, saving and printing);
 through images and videos on Google Classroom, the student will acquire notions of algebra
with reference to fractions and units;
 develop problem solving skills by solving, in a group and with the help of the teacher, the
problems encountered in the design and printing of geometric figures;
 develop critical and creative thinking skills thanks to the involvement in the conception of an
object of their invention (box containing 5 squares);
 acquire communication skills, active listening skills.

Duration
5 hours as follows:
 Preparation: this phase is divided into "introduction" - 20 minutes - and "instructions" - 10
minutes;
 Implementation: this phase is divided into "conception" - 20 minutes - and "testing" - about
3 hours;
 Follow-up: “return" phase – 60 minutes

Primary school: 9 - 10 years old

Methodology
The methodology is based on the interaction between technology and pedagogy that goes beyond
the "analog" educational models and focuses on the experimentation of digital teaching in order to
develop the ability of children to build mental maps and acquire mathematical-scientific knowledge.
The lessons will be frontal and held by 2/3 teachers/trainers, and will expect an active involvement of
the students in all training phases in order to achieve a high level of interest and motivation. The
steps are the following:
 Introduction and explanation of the main functions of the 3D printer and the functions of
the design and printing software;
 notions of algebra, fractions and units;
 explanation of the phases of practical activities implementation;
 testing of the digital design;
 file saving, printing and discussion.

Materials and resources






IT: laptop (one per pair), projector/LIM, internet connection, 3D printer
Software: SugarCad, Cura 3D
Online resources: Google Classroom
Sample of prototype already realised
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Step by step description of the activity:
Preparation
In this phase, particular attention will be given to lesson planning: preparation of materials,
identification of the right environments and identification of the most effective ways of working to
achieve the outcomes. Specifically, in this phase it will be necessary to access the In3Dire server,
based on SBC (Single Board Computer) cards. This access, through router, will ensure the use of the
3D modeling software SugarCad from laptops that will be used by learners in the testing phase in offline mode. In addition, it will be necessary to download the software Cura that allows to make
changes to the designed object and then send it to print from the same PC. Cura transforms the 3D
files into layer files thanks to which it will be possible to resize the 3D models and set the main
printing features. In order to facilitate the 3D design phase, larger-scale prototypes will have to be
produced and presented to learners. It will be also necessary to access the online resource Google
Classroom where it is possible to upload videos and images related to the notions that will be
explained in class. In this respect, they should be organized so as to facilitate the learning of the
learners. In this sense, the notions - and the digital format chosen - should be simple, intuitive,
targeted and clear so as to simplify the phase of verification of understanding. Finally, the lesson
should be planned in such a way that it is possible to share the project from the beginning with the
group of participants to ensure a high level of motivation and interest.
Introduction
After the division of the learners into pairs and the assignment of a computer, the lesson will be
oriented to the introduction of the main digital tools, the operation of a 3D modeling program and
the three-dimensional printing process. Thanks to the presentation of a prototype, the 3D projects to
be realized will be introduced and, subsequently, the notions of algebra will be introduced.
Instructions
Explanation of the phases in which the activity involving the practical application of the notions
previously learned will be articulated. All the pupils will be involved in the drawing of an open box
containing 5 squares, based on the fractions.

Implementation
Conception
Drawing of an open box containing 5 squares, based on the fractions.
Testing
Construction of the unit (an open box) and split into five parts (squares).
Students will build the open box by simulating the subdivision of the fraction based on the number 5.
Then, students will proceed with the procedures for saving the project and they will print it using
SugarCad.
Return
Students will print the projects (open box).

Follow-up
The discussion and evaluation of the activities carried out will be conducted during all phases of
implementation. Thanks to the division of the students into pairs, the teachers can provide them
with support and evaluate the level of understanding and learning achieved. Particular support will
be provided by the teachers to the students during the project saving phase and in the subsequent
phase of setting the printing characteristics, such as layer thickness, temperature, printing speed.
Individual assessment will be ensured by the creation of a cooperative and collaborative
environment that will help learners to make and evaluate planning and design decisions.
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2. GEOMETRY AND MEASUREMENT: MEASURE VOLUMES AND CAPACITIES

Maths

Objectives
At the end of this activity, the student will be able to:
 identify measurements, create a cube from a given side measurement, understand
measurements such as length, area and volume, money values and time;
 learn how to measure all those concepts;
 learn how to use 3D printers in a primary school context

Duration
5 hours as follows:
 Preparation – 60 minutes
 Implementation – 180 minutes
 Follow-up – 60 minutes
Primary school: 9 years old

Methodology
1 coach
Classroom
Group Work
3/4 elements in each group

Materials and resources












Pen and several paper colors
Rules and compasses
Scissors
Glue or tape
Laptops, mobile phones and/or cameras
Projectors
Internet connection
Microsoft Office software
Compatible 3D printer software
3D printer

Step by step description of the activity:
Preparation
Creativity Incentive
Before effectively starting to project the 3D objects, the students will be invited to create their own
projects, from conception till the final product. That knowledge can become an enormous advantage
for life, both personal and professional.
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Creativity along with printing techniques, allow the development of unique, exclusive and incredible
projects!

Implementation
Activity description
Fixing a length unit;
Identifying a cube’s volume, from a side measurement, as a cubic unit;
Measuring the volume of decomposable figures in cubic units;
Calculating the cube and the rectangular parallelepiped’s volume;
Identify the connection between a cubic decimetre and a litre;
Establish a relationship between measurement units and volume measurements.
Activities:
Students must build different cubes from a defined side measurement;
The model will be projected in the adequate software.
3D printing of different size cubes.
By filling them with a liquid, proving that by building, for instance, a 10cm side cube (the same as
1dm), the capacity of that cube is one litre (1dm 3 = 1 litre);

Follow-up
High power of demonstration
The students’ participation in the classroom, increases their performance, improves their thinking
ability, besides stimulating many personal features such as the ability to communicate.
With 3D printing, the student gets the opportunity to become the main character, to create his own
objects, toys, parts and any other things as far as imagination goes.
The students will make a Power Point/ Prezi presentation of their group projects, in which they will
have to explain the whole process of creating their 3D objects, what they learned from this activity
and if they found it useful and funny.
Each student will evaluate his own performance within the group and the other student’s
performances as well, considering criteria such as innovation, creativity, organization and correction.
Finally, the coach will evaluate each group and each student individually, within the same criteria.

Proj. n. 2017-1-PT01-KA201-035929
This project has been funded with support from the European Commission.
This communication reflects the views only of the author, and the Commission cannot be held responsible for any use which may be
made of the information contained therein.

3. ORIENTATION
Geography

Objectives
At the end of this activity, the student will be able to:
 Create a game;
 Create check points and questions about them;
 Define a strategy to go from point A to point B ;
 Create 2 dice, one with numbers and the other with letters;
 Create 3D arrows to guide players to their destination;
 Learn how to use 3D printers in a primary school context

Duration
4 hours as follows:
 Preparation – 60 minutes
 Implementation – 120 minutes
 Follow-up – 60 minutes

Primary school: 8 years old

Methodology
1 coach
Classroom
Group Work
3/4 elements in each group

Materials and resources









A square base (a city map for instance) marked with a grill numbered in the horizontal lines
and identified by letters in the vertical lines
Laptops, mobile phones and/or cameras
Projectors
Internet connection
Microsoft Office software
Compatible 3D printer software
3D printer

Step by step description of the activity:
Preparation
Creativity Incentive
Before effectively starting to project the 3D objects, the students will be conscious of the importance
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of orientation while visiting any place in the globe.
Then the students will be invited to create their own projects, from conception till the final product.
That knowledge can become an enormous advantage for life, both personal and professional.
Creativity along with printing techniques, allow the development of unique, exclusive and incredible
projects!

Implementation
Activity description
Building the base, the dice and the arrows for the game.
Starting from a definite point, throw the dice and find a way to get to the coordinates indicated by
the dice.
Asking / answering answers about landmarks/ street names/architectural features/etc.
Activities:
Students must project and then 3D print two dice and several arrows for the game. The dice will be
thrown to show the coordinates and the arrows will lead the player to that destination.
The model will be projected in the adequate software.
3D printing of dice and arrows.

Follow-up
High power of demonstration
The students’ participation in the classroom, increases their performance, improves their thinking
ability, besides stimulating many personal features such as the ability to communicate.
With 3D printing, the student gets the opportunity to become the main character, to create his own
objects, toys, parts and any other things as far as imagination goes.
The students will make a Power Point/ Prezi presentation of their group projects, in which they will
have to explain the whole process of creating their 3D objects, what they learned from this activity
and if they found it useful and funny.
Each student will evaluate his own performance within the group and the other student’s
performances as well, considering criteria such as innovation, creativity, organization and correction.
Finally, the coach will evaluate each group and each student individually, within the same criteria.
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4. MATH AND GEOMETRY IN 3D
Math, geometry and technology

Objectives
The student will be able to:
 draw and design a board game with checkers and dice drawn in 3D, save the file and print it;
 through images and videos on Google Classroom, the student will acquire:
o notions of geometry, the segment, the open and closed broken, the polygons, the
flat figures, the regular solids - cube, prism, cone, sphere;
o notions of algebra, operations of sum, difference, multiplication and division;
 develop problem solving skills by solving, in a group and with the help of the teacher, the
problems encountered in the design and printing of geometric figures;
 develop critical and creative thinking skills thanks to the involvement in the conception of an
object of their invention (token);
 acquire communication skills, active listening skills and empathy and to improve group work
skills, thanks to group work.

Duration
5 hours as follows:
 Preparation: this phase is divided into "introduction" - 45 minutes - and "instructions" - 20
minutes
 Implementation: this phase is divided into "conception" - 10 minutes - and "testing" - about
180 minutes
 Follow-up: “return" phase - 45 minutes

Primary school: 7-10 years old

Methodology
The methodology is based on the interaction between technology and pedagogy that goes beyond
the "analog" educational models and focuses on the experimentation of digital teaching in order to
develop the ability of children to build mental maps and acquire mathematical-scientific knowledge.
The lessons will be frontal and held by 2/3 teachers/trainers, and should be planned in such a way
that it is possible to share the project from the beginning with the group of participants to ensure a
high level of motivation and interest.
The steps are the following:
 Introduction and explanation of the main functions of the 3D printer and the functions of
the design and printing software;
 notions of specific scientific subjects;
 explanation of the phases of practical activities implementation;
 conception of the model to be designed;
 experimentation with digital design;
 file saving, printing and discussion.
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Materials and resources







Rulers, pencils, colours, scissors, A4 sheets (one per pair - various colours), cardboard (1);
IT: laptops (one per pair), projector/LIM, internet connection, 3D printer;
Software: SugarCad, Cura 3D;
Online resources: Google Classroom;
Sample prototype.

Step by step description of the activity:
Preparation
Introduction
After the division of the learners into pairs and the assignment of a computer, the lesson will be
oriented to the introduction of the main digital tools, the operation of a 3D modeling program and
the three-dimensional printing process. Specifically, in this phase it will be necessary to access the
In3Dire server, based on SBC (Single Board Computer) cards. This access, through router, will ensure
the use of the 3D modeling software SugarCad from laptops that will be used by learners in the
testing phase in off-line mode. In addition, it will be necessary to download the software Cura that
allows to make changes to the designed object and then send it to print from the same PC. Cura
transforms the 3D files into layer files thanks to which it will be possible to resize the 3D models and
set the main printing features. In order to facilitate the 3D design phase, larger-scale prototypes will
have to be produced and presented to learners. It will be also necessary to access the online resource
Google Classroom where it is possible to upload videos and images related to the notions that will be
explained in class.
Thanks to the presentation of a prototype, the 3D projects to be realized will be introduced and,
subsequently, the notions of algebra and geometry will be introduced.
Instructions
Explanation of the phases in which the activity involving the practical application of the notions
previously learned will be articulated. The children will be involved in the design of a "board game
with operations", a token and a dice in prototype format using the stationery available.

Implementation
Conception
Construction of the scoreboard with boxes containing mathematical operations.
Testing
Starting from flat geometric figures, simulating the operation of a 3D printer, they will produce a
solid composed of several flat geometric shapes superimposed using the concept of layers. Then, it
will proceed with the drawing of the token and the die using SugarCad and with the explanation of
the procedures for saving the project.
Return
Pupils will print the tokens (game counters) realized.

Follow-up
The discussion and evaluation of the activities carried out will be conducted during all phases of
implementation. Thanks to the division of the students into pairs, the teachers can provide them
with support and evaluate the level of understanding and learning achieved. Particular support will
be provided by the teachers to the students during the project saving phase and in the subsequent
phase of setting the printing characteristics, such as layer thickness, temperature, printing speed.
Individual assessment will be ensured by the creation of a cooperative and collaborative
environment that will help learners to make and evaluate planning and design decisions.
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5. 3D PRINTING MAKER’S LAB IN PRIMARY SCHOOLS
Maths, computer science, technology and arts

Objectives
The student will be able to:
 learn that it takes a lot of technology, effort and hard work to put a device together,
 be in contact with cutting-edge technology,
 learn many transferable,
 learn how important open source thinking is to innovation,
 be able to grasp concepts,
 learn how to use mathematics for designing in 3D
 develop creativity
 learn how to effectively collaborate
 be able to solve problems

Duration
14 hours as follows:
 Preparation: 1 hour
 Implementation: 3 lessons (4 hours each) depends on how many 3D printers will be used. 1
lesson to bring the 3D printer pieces together. 1 lesson to learn how to design. 1 lesson to get
the creations printed.
 Follow-up: 1 hour

Primary school: 6-10 years old

Methodology
Methodology: Constructivist teaching is based on the belief that learning occurs as learners are
actively involved in a process of meaning and knowledge construction as opposed to passively
receiving information. Learners are the makers of meaning and knowledge. Students learn how to
learn by being given the training to take initiative for their own learning experiences. students work
primarily in groups and learning and knowledge are interactive and dynamic. There is a great focus
and emphasis on social and communication skills, as well as collaboration and exchange of ideas.
Trainers: 2 facilitators. One is leading and one is assisting with the children. Teachers should have a
basic 3D printing knowledge. The teachers’ role is to prompt and facilitate discussion. Thus, the
teacher's main focus should be on guiding and encouraging students by asking questions that will
lead them to develop their own conclusions on the subject.
The activity will be held in lab/classroom and it requires group work.

Materials and resources
 Ultimaker 3D printers
 Cura software
 Free download 3D slicer which prepares your 3D models quickly and easily
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 Plastic filaments

Step by step description of the activity:
Preparation
Teacher should create a maker’s lab for the children.
Bring the a 3D printer as a Box package so that students really engage with the printer itself from the
beginning. With such a hands-on experience of building it themselves, they gain an innate
understanding of how it works. This also connect them to it at an emotional level in as sense that it is
not just the school’s printer, but it is theirs, they built it, piece by piece.

Implementation
1.
2.
3.
4.

Introduce the 3D printer’s to children
Ask them to read the manuals and construct the 3D printer piece by piece, screw by screw.
Introduce them into the 3D design.
Ask them to start with simple designs and constructions such as monuments, their names, etc
first on a piece of paper, then in the computer.
5. Encourage them to acquire knowledge and skills on model printing.
6. Introduce them into the 3D printing.

Follow-up
1. Demonstration of the children’s creations
2. Discussion in the class: How was this experience for them?
3. Ask students to reflect on their individual learning. Suggested questions are: what do I need
to improve? What are my strengths? What do I love and what I dislike about 3d printing? How
3D printing would be an integral part of the learning process across many subjects? Which
subjects?
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6. BUILD YOUR OWN PUZZLE CUBE
Math

Objectives
The student should learn spatial reasoning and how to create simple blocks in “Fusion 360” (or a
different type of software).
At the end of this lesson (after concluding the project) students should be able to manipulate and
create and move cubes in 3D space.

Duration
5 hours as follows:
 Preparation – 60 minutes
 Implementation – 180 minutes
 Follow-up – 60 minutes

Junior Secondary school: 12-14 years old

Methodology
The implementation of this project requires a teamwork, therefore students are split into different
groups.
Tutoring efforts by teachers is compulsory in order to help, guide and supervise the work progress.
First step is to explain carefully what a soma/puzzle cube is. Teachers should pass around a physical
example, so students can grasp what is the final output intended.
Second step is about an introduction to 3D design (suggested software: “Fusion 360”, but can be
another one).
Third step consists of the technical drawing. Each group shall develop their own solution, by means of
using the 3D design software which is available within the classroom.
Fourth step is about the printing of the prototype that was developed along third step, followed by
checking how the different parts assemble into a cube at the end.

Materials and resources






Video projector (mainly for STEP2);
Personal computer;
Design software (“Fusion 360” or equivalent);
3D printer.

Step by step description of the activity:
Preparation
After STEP1 and STEP2 are concluded, students have to be split into groups.
Each group of students is assigned to a computer in which they will develop the project, by means of
designing their solution to the problem posed.
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Network operation has to be checked, in order to allow the search and usage of resources available
on Internet.
The operation of the 3D printer and its correct interface with the PC is checked: critical task to be
assured by teachers.

Implementation
The puzzle cube has to be created in ”360 Fusion” or equivalent software.










The cube contains 27 cubes (3x3x3);
Each cube measure 10cm3;
The puzzle system must have 5 pieces;
Each piece must consist of 4 to 6 cubes;
No piece should be the same shape;
The five piece must make be able to be assembled into a cube;
Cube should interlock;
At least 4 pieces should extend in the X, Y and Z direction. Only one flat piece allowed;
Color each cube differently.

Provide your solution in a WORD file document.
Each group should create a solution guide to the puzzle that was designed. There should be 5 steps;
each step adds a piece until the puzzle is complete. It is needed to take screen shots and paste them
into a WORD document. Some text should be added to the guide, in case some steps require
clarification.

Follow-up
Teachers should monitor carefully the various working phases of all groups, asking random questions
to check if students are aware of the activities carried out (reasoning).
At the end of each phase, the work produced (design, programming lines, final product) is checked
and they are corrected if there are any issues arising.
In what concerns evaluation, we suggest the following types of questions: what was learned? Main
difficulties experienced? Do the various parts fit well together and form a cube?
Last question above is indeed very important, once it refers to an important issue in terms of 3D
printing: part tolerances. The later is critical for the assemblage at the end, whenever forming the
cube.
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7. INTRODUCTION TO 3D PRINTING
Informatics / Physics

Objectives
The aim of the lesson will be to familiarize students with the concept of 3D printing. Presenting them
the current state of knowledge, the possibilities of 3D printing and the technical process of
processing raw materials into a finished product.
After completing the classes, students should have a general idea about the issues presented.
After completing the classes, students should know the history, purpose and possibilities of using 3D
printing technology.
In addition, after classes students should know how to create a simple 3D model.

Duration
3 hours as follows:
 Preparation – 30 minutes. The teacher needs to prepare videos from YT showing the use of
3D printers and update their knowledge on the current state of use of 3D printers in Poland
and around the world.
 Implementation – 120 minutes
 Follow-up – 30 minutes

Junior Secondary school: 10-14 years old

Methodology
1 teacher who knows how to create 3D models and how to operate a 3D printer.
Classes will be held in IT class or other laboratory equipped with computers.
Classes will consist of work in pairs and class discussion.

Materials and resources






Video projector
Laptop
Projector, movie about 3D printing, laptop, internet access
Internet acces.

Step by step description of the activity:
Preparation
The lesson begins with the presentation of the classes plan.
Classes start with a general introduction to 3D printing.
1.
2.
3.

The teacher starts a discussion with the students regarding the possibility of using 3D printing
Discussion has the form of a brainstorming. All responses are recorded on the board. The
answers are not evaluated yet.
The students evaluate the answers with the teacher's help.

Implementation
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1.

The teacher presents the concept of 3D printing
- History
- Aim
- Examples of applications. Where 3D printing technology is currently used.
- The advantages and disadvantages of 3D printing

2. Students are watching an example of a 3D printer working on the video.
Example of the video: https://www.youtube.com/watch?v=Vx0Z6LplaMU
The teacher can share any movie presenting the work of 3D printers or can run a 3D printer in the
classes. In this case is necessary to comply with health and safety rules and familiarize students with
them.
3.

After discussing the video and the possibilities of 3D printers, the teacher once again asks
students where they see the use of the 3D printing concept.

4. Summary of received responses.
Introduction to 3D modeling.
5.
6.
7.

Students split into pairs and run computers
Students open the program for creating 3D models.
The teacher presents (for example by displaying his screen on the projector) how to create a 3D
model.
8. Students follow the teacher and repeat the step by step. Starting from the opening a software,
by specific activities to create the 3D model.
9. Students are free to use program functions by the rest of the classes.
The teacher helps them through the whole cycle of classes.

Follow-up
The teacher finishes the classes with a summary of the information gathered.
After completing class exercises, students should look for more information about 3D printing on
their own.
To help them, the teacher should prepare a list of available online materials that he considers as a
valuable.
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8. THE PHYSICS NOTIONS IN 3D
Physics and Technology

Objectives
The students will be able to:
 use the basic functions of the SugarCad software (drawing, saving and printing);
 through images and videos on Google Classroom, the student will acquire notions of lever
physics, forces involved, sloping glide and kinetic energy;
 develop problem solving skills by solving, in a group and with the help of the teacher, the
problems encountered in the design and printing of geometric figures;
 know how to use creativity as fantasy, invention and imagination;
 acquire communication skills, active listening skills and empathy and to improve group work
skills, thanks to group work.

Duration
5 hours as follows:
 Preparation: this phase is divided into "introduction" - 20 minutes - and "instructions" - 10
minutes;
 Implementation: this phase is divided into "conception" - 30 minutes - and "testing" - about
3 hours;
 Follow-up: “return" phase – 1 hour.

Junior Secondary school: 11-14 years old

Methodology
The methodology is based on the interaction between technology and pedagogy that goes beyond
the "analog" educational models and focuses on the experimentation of digital teaching in order to
develop the ability of children to build mental maps and acquire mathematical-scientific knowledge.
The lessons will be frontal and held by 2/3 teachers/trainers, and should be planned in such a way
that it is possible to share the project from the beginning with the group of participants to ensure a
high level of motivation and interest.
The steps are the following:
 Introduction and explanation of the main functions of the 3D printer and the functions of
the design and printing software;
 Notions on the lever physics, forces involved, fulcrum, inclined plane, kinetic energy;
 explanation of the phases of practical activities implementation;
 testing of the digital design;
 file saving, printing and discussion.

Materials and resources





IT: laptop (one per pair), projector/LIM, internet connection, 3D printer
Software: SugarCad, Cura 3D
Online resources: Google Classroom
Sample of prototype already realised
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Step by step description of the activity:
Preparation
Introduction
After the division of the learners into pairs and the assignment of a computer, the lesson will be
oriented to the introduction of the main digital tools, the operation of a 3D modeling program and
the three-dimensional printing process.
Specifically, in this phase it will be necessary to access the In3Dire server, based on SBC (Single Board
Computer) cards. This access, through router, will ensure the use of the 3D modeling software
SugarCad from laptops that will be used by learners in the testing phase in off-line mode. In addition,
it will be necessary to download the software Cura that allows to make changes to the designed
object and then send it to print from the same PC. Cura transforms the 3D files into layer files thanks
to which it will be possible to resize the 3D models and set the main printing features. In order to
facilitate the 3D design phase, larger-scale prototypes will have to be produced and presented to
learners. It will be also necessary to access the online resource Google Classroom where it is possible
to upload videos and images related to the notions that will be explained in class.
Teachers will provide notions about lever physics, forces involved, fulcrum, inclined plane, balance
and kinetic and potential energy.
Instructions
Teachers explain to the students how to access to the Google Classroom in order to become familiar
with this learning environment. Then, they will explain the activities phases related to the physics
notions.

Implementation
Conception
Drawing a lever with the fulcrum in 2D and then transfer it in 3D.
Drawing an inclined plane at different heights.
Testing
After to be explained the linked physics notions, the students will draw a lever and a inclined plane.
Teachers will provide the feedback concerning the project realized by each student and, after the
finalization, the students will proceed with the final saving of the work and will transmit it to the 3D
printer through the Cura software.
Return
Each student will prepare their own project for 3D printing.

Follow-up
The discussion and evaluation of the activities carried out will be conducted during all
implementation phases. The teachers will provide to the students the necessary support during the
implementation phases, and will evaluate the level of understanding and learning achieved.
Particular support will be provided by the teachers to the students during the project saving phase
and in the subsequent phase of setting the printing characteristics, such as layer thickness,
temperature, printing speed. Individual assessment will be ensured by the creation of a cooperative
and collaborative environment that will help learners to make and evaluate planning and design
decisions.
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9. H2O MOLECULE
Natural Sciences/Chemistry

Objectives
The students will be able to:
 use the basic functions of the ThincerCAD software (modeling, merging objects, exporting
and printing);
 through images and videos on Google Classroom, the students will gain concrete idea about
the water molecule structure and the overall shape.
 develop problem solving skills by solving, in a group and with the help of the teacher, the
problems encountered in the design and printing a complex model
 know how to use creativity as fantasy, invention and imagination;
 acquire communication skills, active listening skills and empathy and to improve group
working skills, thanks to group work.

Duration
6 hours as follows:
 Preparation: this phase is divided into "introduction" - 30 minutes - and "instructions" - 30
minutes;
 Implementation: this phase is divided into "blind modeling" – 2 hours – “reproductive
modeling" - about 2 hours;
 Follow-up: “analysis" phase – 1 hour.

Junior Secondary school: 10-14 years old

Methodology
The methodology is based on connection between the chemical concept of a water molecule
structure and the practical dimension of modeling and creating a 3D model that is a tangible object
for the pupils and helps them to develop a complex idea about the key element of nature (water). At
the same time, it can be used for other molecules visualization. This activity increases creativity as
the students are asked in the first phase to model the water molecule from the top of their heads
before being shown the exact shape which they will in the second phase try to reproduce and print.






Introduction and explanation of the main functions of the 3D printer and the functions of
the design and printing software;
Chemical basis of the water molecule structure
Explanation of the phases of practical activities implementation;
Testing of the digital design;
File saving, printing and discussion.

Materials and resources





IT: laptop (one per pair), projector/LIM, internet connection, 3D printer
Software: SugarCad, Cura 3D
Online resources: Google Classroom
Sample of prototype already realised
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Step by step description of the activity:
Preparation
Introduction
After the division of the learners into pairs and the assignment of a computer, the lesson will be
oriented to the introduction of the main digital tools, the operation of a 3D modeling program and
the three-dimensional printing process.
Specifically, in this phase it will be necessary to register into ThinkerCAD software through the
classroom WIFI connection. In addition, it will be necessary to download the software Cura that
allows making changes to the designed object and then exporting it to an SD card. Cura transforms
the 3D files into layer files thanks to which it will be possible to resize the 3D models and set the
main printing features. In order to facilitate the 3D design phase, larger-scale prototypes will have to
be produced and presented to learners. It will be also necessary to access the online resource Google
Classroom where it is possible to upload videos and images related to the notions that will be
explained in class.
Thanks to the presentation of a prototype and images chosen by the teacher, the notion about the
water molecule structure will be introduced to the students in detail.
Instructions
Teachers explain the phases of the activity that will be realized related to natural science, the water
molecule structure. He or she will also guide the pupils through the process of the 3D printing itself.
Given the shape of the final model specific measures will have to be taken in order to achieve a
successful print. The pupils will acquire technological understanding of printing a spherical model
that has a very limited surface to adhere to the build plate. They will also have to count in the fact
that as the printer continues upwards overhangs at a certain angle will occur and thus there might be
a need for designing supports to let the printer continues through these areas flawlessly.

Implementation
Conception
Drawing the subjective conception of a water molecule structure in 3D.
Testing
The students will firstly draw a H2O molecule (blind version, how they imagine it). After that they will
prepare it based on a template provided by the teacher. Then the students will proceed with the final
saving of the work and will transmit it to the 3D printer through the Cura software.
Return
Each student will prepare their own project for 3D printing

Follow-up
The discussion and evaluation of the activities carried out will be conducted during all
implementation phases. The teachers will provide to the students the necessary support during the
implementation phases, and will evaluate the level of understanding and learning achieved.
Particular support will be provided by the teachers to the students during the project saving phase
and in the subsequent phase of setting the printing characteristics, such as layer thickness,
temperature, printing speed. Individual assessment will be ensured by the creation of a cooperative
and collaborative environment that will help learners to make and evaluate planning and design
decisions.
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10. THE PYTHAGOREAN THEOREM
Geometry and Technology

Objectives
The students will be able to:
 use the basic functions of the SugarCad software (drawing, saving and printing);
 through images and videos on Google Classroom, the student will acquire notions of math
about corners and Pythagorean Theorem, including the comprehension of dimensions and
measures;
 develop problem solving skills by solving, in a group and with the help of the teacher, the
problems encountered in the design and printing of geometric figures;
 know how to use creativity as fantasy, invention and imagination;
 acquire communication skills, active listening skills and empathy and to improve group work
skills, thanks to group work.

Duration
5 hours as follows:
 Preparation: this phase is divided into "introduction" - 20 minutes - and "instructions" - 20
minutes;
 Implementation: this phase is divided into "conception" - 20 minutes - and "testing" - about
3,5 hours;
 Follow-up: “return" phase – 30 minutes.

Junior Secondary school: 11-14 years old

Methodology
The methodology is based on the interaction between technology and pedagogy that goes beyond
the "analog" educational models and focuses on the experimentation of digital teaching in order to
develop the ability of children to build mental maps and acquire mathematical-scientific knowledge.
The lessons will be frontal and held by 2/3 teachers/trainers, and should be planned in such a way
that it is possible to share the project from the beginning with the group of participants to ensure a
high level of motivation and interest.
The steps are the following:
 Introduction and explanation of the main functions of the 3D printer and the functions of
the design and printing software;
 Math notions about corners and Pythagorean theorem;
 explanation of the phases of practical activities implementation;
 testing of the digital design;
 file saving, printing and discussion.

Materials and resources





IT: laptop (one per pair), projector/LIM, internet connection, 3D printer;
Software: SugarCad, Cura 3D;
Online resources: Google Classroom;
Sample of prototype already realised
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Step by step description of the activity:
Preparation
Introduction
After the division of the learners into pairs and the assignment of a computer, the lesson will be
oriented to the introduction of the main digital tools, the operation of a 3D modeling program and
the three-dimensional printing process.
Specifically, in this phase it will be necessary to access the In3Dire server, based on SBC (Single Board
Computer) cards. This access, through router, will ensure the use of the 3D modeling software
SugarCad from laptops that will be used by learners in the testing phase in off-line mode. In addition,
it will be necessary to download the software Cura that allows to make changes to the designed
object and then send it to print from the same PC. Cura transforms the 3D files into layer files thanks
to which it will be possible to resize the 3D models and set the main printing features. In order to
facilitate the 3D design phase, larger-scale prototypes will have to be produced and presented to
learners. It will be also necessary to access the online resource Google Classroom where it is possible
to upload videos and images related to the notions that will be explained in class.
Thanks to the presentation of a prototype and images chosen by the teacher, the math notions about
corners and Pythagorean theorem will be presented.
Instructions
Teachers explain the phases of the activity that will be realized related to mathematics, the main
angles (acute, obtuse, right and flat) and the Pythagorean theorem.

Implementation
Conception
Drawing of the geometric elements represented by the Pythagorean theorem, in 3D format. Drawing
a circle with depicted acute, obtuse, right and flat angles.
Testing
The students will draw a triangle and two squares broken down into rectangles (proceed with the
saving of work). Then, a circle will be drawn with the angles (acute, obtuse, straight and flat) marked
with numbers or letters.
The students will proceed with the final saving of the work and will transmit it to the 3D printer
through the Cura software.
Return
Each student will prepare their own project for 3D printing.

Follow-up
The discussion and evaluation of the activities carried out will be conducted during all
implementation phases. The teachers will provide to the students the necessary support during the
implementation phases, and will evaluate the level of understanding and learning achieved.
Particular support will be provided by the teachers to the students during the project saving phase
and in the subsequent phase of setting the printing characteristics, such as layer thickness,
temperature, printing speed. Individual assessment will be ensured by the creation of a cooperative
and collaborative environment that will help learners to make and evaluate planning and design
decisions.
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11. DNA STRUCTURE
Biology

Objectives
The students will be able to:






use the basic functions of the ThincerCAD software (modeling, exporting and printing);
through images and videos on Google Classroom, the students will gain concrete idea about
the structure of DNA and the overall shape.
develop problem solving skills by solving, in a group and with the help of the teacher, the
problems encountered in the design and printing a complex model
know how to use creativity as fantasy, invention and imagination;
acquire communication skills, active listening skills and empathy and to improve group
working skills, thanks to group work.

Duration
6 hours as follows:
 Preparation: this phase is divided into "introduction" - 30 minutes - and "instructions" - 30
minutes;
 Implementation: this phase is divided into "blind modeling" – 2 hours – “reproductive
modeling" - about 2 hours;
 Follow-up: “analysis" phase – 1 hour.

Secondary school: 15-18 years old

Methodology
The methodology is based on connection between the theoretical biological concept of a DNA
structure and the practical dimension of modeling and creating a 3D model that is a tangible object
of the pupils and helps them to develop a complex idea about the key element of the human body.
At the same time it increases creativity as the students are asked in the first phase to model DNA
from the top of their heads before being shown the exact shape which they will in the second phase
try to reproduce and print.
 Introduction and explanation of the main functions of the 3D printer and the functions of
the design and printing software;
 Biological and chemical bases of DNA functioning
 explanation of the phases of practical activities implementation;
 testing of the digital design;
 file saving, printing and discussion.

Materials and resources





IT: laptop (one per pair), projector/LIM, internet connection, 3D printer;
Software: ThincerCad, Cura 3D;
Online resources: Google Classroom;
Sample of prototype already realized

Step by step description of the activity:
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Preparation
Introduction
After the division of the learners into pairs and the assignment of a computer, the lesson will be
oriented to the introduction of the main digital tools, the operation of a 3D modeling program and
the three-dimensional printing process.
Specifically, in this phase it will be necessary to register into ThinkerCAD software through the
classroom WIFI connection. In addition, it will be necessary to download the software Cura that
allows to make changes to the designed object and then export it to an SD card. Cura transforms the
3D files into layer files thanks to which it will be possible to resize the 3D models and set the main
printing features. In order to facilitate the 3D design phase, larger-scale prototypes will have to be
produced and presented to learners. It will be also necessary to access the online resource Google
Classroom where it is possible to upload videos and images related to the notions that will be
explained in class.
Thanks to the presentation of a prototype and images chosen by the teacher, the notion about the
DNA structure will be introduced to the students in detail.
Instructions
Teachers explain the phases of the activity that will be realized related to biology, the DNA function,
structure, shape and scale.

Implementation
Conception
Drawing the subjective conception of a DNA shape and structure in 3D.
Testing
The students will firstly draw a DNA “propeller” (blind version, how they imagine it). After that they
will prepare it based on a template provided by the teacher. Then the students will proceed with the
final saving of the work and will transmit it to the 3D printer through the Cura software.
Return
Each student will prepare their own project for 3D printing.

Follow-up
The discussion and evaluation of the activities carried out will be conducted during all
implementation phases. The teachers will provide to the students the necessary support during the
implementation phases, and will evaluate the level of understanding and learning achieved.
Particular support will be provided by the teachers to the students during the project saving phase
and in the subsequent phase of setting the printing characteristics, such as layer thickness,
temperature, printing speed. Individual assessment will be ensured by the creation of a cooperative
and collaborative environment that will help learners to make and evaluate planning and design
decisions.
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12. 3D MODEL DESIGN
Informatics / Physics

Objectives
The aim of the exercise will be to present the possibilities of 3D printing in practice. After completing
the exercises, students should be able to understand the theoretical printing process and know in
which program can be created models for printing.
The student will also learn the possibilities of 3D printing and its application in the education system.

Duration
4 hours as follows:
 Preparation: The teacher should become familiar with the current knowledge about the use
of 3D printing - duration depends on the current knowledge of teachers.
 Implementation: Classes should last 3 hours of lessons.
 Follow-up: the discussion should not be longer than 20-30 minutes.

Secondary school: 15-18 years old

Methodology
1 teacher who knows how to create 3D models and how to operate a 3D printer.
Classes will be held in IT class or other laboratory equipped with computers.
Classes will consist of work in pairs and class discussion.

Materials and resources




laptop/computer
necessary software
3D printer

Step by step description of the activity:
Preparation
By joining these classes, students should already have basic knowledge of 3D printing and its
applications.
As a reminder of the subject, the teacher begins classes with a reminder of the basic issues:
 What is 3D printing
 What are its pros and cons
 Where 3D printing is currently used
 How to create very simple 3D models
The teacher starts classes by reminding students of the health and safety rules in force in the
classroom. Before starting the exercise, the teacher briefly explains the mechanism of 3D printers. He
explains to students how the print process looks like: from making the model in computer to
receiving the finished product.
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Implementation
1.

The teacher makes a trial presentation of 3D printing, by printing a simple model prepared
by him or presenting the already printed model. He gives it to students to familiarize
themselves with the structure.
2. Students can ask questions to the teacher. After that, they start working on their own
model.
3. The teacher divides the students into pairs.
4. Each pair works on creating one 3D model.
5. Students start computers and run software for creating 3D models (here the decision
depends on the school's ability, it can be paid programs as well as simple free software)
6. The next step is to create by the students a simple model of the object.
7. The teacher can give the topic of work or allow students to make whatever they want.
8. The teacher monitors students' work and helps them in the design phase.
9. Students have access to the internet to get advice, but they are not allowed to download
already made models.
10. After completing the work, each of the pairs presents their prepared model.
11. Then students vote for the best model and the winner is printed on a 3D printer.

Follow-up
After finishing work in groups. The teacher can test the students' theoretical knowledge.
Classes are finished with a discussion on the importance of 3D printing in education. Students also
wonder how 3D printing can affect the attractiveness of school activities and in what subjects it can
be used (biology, chemistry, mathematics, etc.).
The teacher closes the discussion by presenting real examples of the use of 3D printing in education.
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13. METHODOLOGIES FOR 3D PRINTING
Technology and graphic.

Objectives
At the end of the activity, starting from a simple object, the student is able to build a simplified
graphic model and then to translate it into operative instructions for the 3D printer.
At the end of the printing process valid as it is with respect to the initial object.

Duration
8 hours as follows:
 Preparation: 1 hour.
 Implementation: explanation of 3D printer operation, identification of graphic design,
building of the component: 6 hours.
 Follow-up: the discussion should not be longer than 1 hour.

Secondary school: 16-18 years old

Methodology
The project was based on teamwork, which involved students and teachers. Two teachers supervised
the work, one responsible for the technological aspect and the other for the visual aspect. The
activity took place in the laboratory.
Firstly, the teachers explained the main methodologies for using 3D printers.
Later the students are splitted into groups, and each group propose a project.
In the first phase of the work each group developed the graphic idea.
In the second phase the idea is translated into a technical drawing.
In the third phase the prototype was made with the 3D printer.

Materials and resources






Personal computer
Graphic design software
3D printers
Simple everyday objects to reproduce

Step by step description of the activity:
Preparation
Simple objects are made available.
Computers are controlled, a computer is assigned to each workgroup.
Network operation is checked.
The operation of the 3D printer and its correct interface with the PC is checked.

Implementation
Identification of the object to be reproduced.
Object measurement and definition of the reproduction scale.
Definition of some graphic improvements to be made.
Object design with CAD software.
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Translation of instructions into the printer language.
Realization of the object.
Validation by comparison of the object constructed with the original idea.

Follow-up
A teacher attends the individual phases of the work groups, asking random questions to verify the
students' awareness of the activities carried out.
At the end of each phase, the work produced (design, programming lines, final product) is checked
and they are corrected if there are errors.
After completing all the phases, the teacher solicits brainstorming to verify the difficulties
encountered.
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14. BUILDING A MATHEMATICAL MODEL BY THE 3D PRINTING TECHNOLOGY
Technology and mathematical.

Objectives
At the end of the activity, starting from a complex object, the student is able to build a simplified
mathematical model and then to translate it into operative instructions for the 3D printer.
At the end of the printing process valid as it is with respect to the initial object.

Duration
8 hours as follows:
 Preparation: 1 hour.
 Implementation: explanation of 3D printer operation, identification of graphic design,
building of the component: 6 hours.
 Follow-up: the discussion should not be longer than 1 hour.

Secondary school: 17-19 years old

Methodology
The project was based on teamwork, which involved students and teachers. Two teachers supervised
the work, one responsible for the technological aspect and the other for the visual aspect. The
activity took place in the laboratory.
Firstly, the teachers explained the main methodologies for using 3D printers.
Later the students are splitted into groups, and each group propose a project.
In the first phase of the work each group developed the mathematical model built to be realized.
In the second phase the idea is translated into a technical drawing.
In the third phase the prototype was made with the 3D printer.

Materials and resources






Personal computer
Mathematical software
3D printers
Simple everyday objects to reproduce

Step by step description of the activity:
Preparation
Simple objects are made available.
Computers are controlled, a computer is assigned to each workgroup.
Network operation is checked.
The operation of the 3D printer and its correct interface with the PC is checked.

Implementation
Identification of the model of object to be reproduced.
Object measurement and definition of the reproduction scale.
Definition of some graphic improvements to be made.
Object design with CAD software.
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Translation of instructions into the printer language.
Realization of the object.
Validation by comparison of the object constructed with the original idea.

Follow-up
A teacher attends the individual phases of the work groups, asking random questions to verify the
students' awareness of the activities carried out.
At the end of each phase, the work produced (design, programming lines, final product) is checked
and they are corrected if there are errors.
After completing all the phases, the teacher solicits brainstorming to verify the difficulties
encountered.
A representative for each work group presents the results to the other students.
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15. MYTHOLOGY FOR SECONDARY SCHOOL - THE EPIC POEMS BY HOMER
It refers to the curriculum areas of computer science and literary, history or Ancient Greek language

Objectives
The aims of the activity are the following:
The upgrade of the quality of the class
to sharp the students’ interest in the classes
to develop skills for students such as problem solving, team building, communication,
learning to learn, digital skills.
The learning objectives are presented as follows.
The students will:
1. be able to cooperate
2. be able to initiate and cultivate entrepreneurial attitude
3. be equipped with knowledge, skills and attitudes on creativity, creation and innovation.
They will also acquire knowledge on sciences and scientific terms such as:
Calibration, configuration, model, design and production of Industrial Products, Material Engineering,
Results Analysis, Testing.
They will also develop 3d printing skills. Particularly, they will learn how:
 to change the printing materials
 to calibrate the printing disc
 to remove the material that remained in the print nozzle
 to convert their designs into printable .stl file format and customize the cura print
software to print their creations
 to empirically perceive that changing the angle of objects with respect to the horizontal
or vertical axis changes the texture of the objects to be printed.

Duration
6 hours as follows:
 Preparation: 1 hour for the questions & 1 hour for uploading the softwares). 2 hours in total.
 Implementation: 4-5 hours (the activity should be implemented over 4 or 5 didactical hours)
 Follow-up: 1 hour

Secondary school: 17-19 years old

Methodology
Methodology: Constructivist teaching is based on the belief that learning occurs as learners are
actively involved in a process of meaning and knowledge construction as opposed to passively
receiving information. Learners are the makers of meaning and knowledge. Students learn how to
learn by being given the training to take initiative for their own learning experiences. students work
primarily in groups and learning and knowledge are interactive and dynamic. There is a great focus
and emphasis on social and communication skills, as well as collaboration and exchange of ideas.
Trainers: 2 facilitators. One teacher from each class. One facilitator should have 3D printing
knowledge, the other should have knowledge on the Epic Poems. The teachers’ role is to prompt and
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facilitate discussion. Thus, the teacher's main focus should be on guiding and encouraging students
by asking questions that will lead them to develop their own conclusions on the subject
The activity will be held in lab/classroom and it requires group work.

Materials and resources






Books, online tools for the designs, cartons, markers, scissors
Filaments, colours for 3D materials,
laptop(s), projector, internet connection, USB cable, an SD card
Software: 3D modeling and Design software (eg. Timkercad, blender), 3D Cad software
(solidworks) or Sketchup , 3D printing software (eg. Ultimaker Cura)
CNC machine

For an extensive list of materials please check here https://www.simplify3d.com/support/materialsguide/

Step by step description of the activity:
Preparation
A. Upload the Cura printing program and other software to all computers of the lab. Ask
students to voluntarily help you.
B. Prepare the questions which will lead them to comprehend the Epic Poems by Homer.

Implementation
1. Introduce the content of the class to the students
2. Ask them questions about comprehending the Epic Poems by Homer involving important
characters and objects for the plot of the Poem such as the Goddess Calypso, the Olympus
Gods, the minstrel, Odysseus pontoon, etc for the students of Odyssey. Introduce for Illiad
accordingly.
3. Ask them to reflect on why these characters and objects were important for Odysseus
journey.
4. Ask them to reflect on how to draw information on how to make identical depiction of
them. The idea is to search for depictions/drawings/etc online and through books.
5. Introduce them into the 3D design.
6. Give 2-3 hours to understand its basic functions and parameters.
7. Install tinkercad for students to learn how to design and show them how to find and browse
3D models and designs on the web. Encourage them to work in groups.
8. Ask them to start with simple designs and constructions such as keychain with their names.
9. Show them the cura printing software and ask them to find how to configure its parameters
so that they end up with fast and at the same time good prints.
10. Encourage them to learn how to convert their initial designs into .stl files and and then into
.gcode files.
11. Provide new materials of different colours and show them how the material change is done.
In some cases, calibration of printer’s print floor may needed.
12. During the printer is being operated help them to change the material, calibrate the print
base, to proceed with the cleaning process from material that has accumulated and
solidified in both the nozzle and the walls of the material transport tube. They might need to
change the nozzle and proceed several times to the material’s heating to clean the inside of
the tube from the solidified material.
13. For those, showing particular interest, help them to acquire knowledge and skills on model
printing using the Ultimaker 2+.
14. Ask each group to complete their constructions leading to a discussion of how these
constructions help them to understand the content of the class.
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TIP: Get relaxation music to play!

Follow-up
1. Discussion in the class: How was this experience for them?
2. Ask students to reflect on their individual learning. Suggested questions are: what do I need
to improve? What are my strengths? What do I love and what I dislike about 3d printing?
How 3D printing helped me to learn Computer Science, History, Literature, etc?
3. Ask each student to prepare a written or verbal presentation of how using 3D printing made
them understand the content of the classes of Computer science, History, literature, etc?
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