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Abstract 

The MakeITReal curriculum includes a series of interdisciplinary student projects on design thinking 

through 3D printing process and other relevant resources for schools. Working with 3D printers in 

schools has many challenges. Schools have limited time for 3D printing activities. In addition, 

learning 3D modelling software takes time for students. The MakeITReal curriculum, addresses such 

challenges in schools, by suggesting a program of projects proceeding gradually from step by step 

instruction towards a more open ended and exploratory type of student work. The MakeITReal 

pedagogical model aims to develop students’ skills through making and constructing. In each project 

of the curriculum, students will be guided through the design steps that include (1) understanding the 

challenge, (2) brainstorm, (3) sketch, (4) build and test, (5) evaluate, (6) improve and redesign.  
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Chapter 1: Introduction 

1.1 The MakeITReal Project 
MakeITReal project aims at engaging students that keep distance from STEM related disciplines in 

innovative product design and making practices following the “Maker Movement” trend in 

education, a global drive that encourages young people to be creative with technology. The project 

infuses arts into STEM, links STEM to real life and engages students in product design and making 

practices. Product design is chosen as a practice that integrates STEM disciplines, is a creative 

process providing links to Arts and is also reflected in industrial practices immersing students in 

entrepreneurial thinking and in the business culture. The project aims at providing responses to the 

needs of students that are at risk of school disengagement and feel that school courses are not related 

to real life and do not address their needs for practical, creative and hands-on activities. In this light, 

the project primarily addresses the needs of students at risk of school failure and school 

disengagement and to re-motive their interest in schooling. 

MakeITReal puts also emphasis on teachers’ professional development and aims at supporting them 

in developing the skills needed in order to facilitate the learning process, to tailor their teaching to 

students’ needs and finally to design their own engaging activities in STEAM (Science, Technology, 

Engineering, Arts and Maths). The main argument of the MakeITReal project is that 3D printing and 

design can electrify various literacies and creative capacities of students with low performance in 

STEM and can help them realize that STEM subjects open the door to endless creative possibilities 

related to real life. The project draws upon several studies that assure that digital fabrication, making 

tools, 3D modelling, and 3D printing, combined with the theories of Constructivism and 

Constructionism can provide interactive learning experiences that enhance basic skills in STEM 

disciplines and promote students’ creativity, critical thinking, teamwork, and problem solving skills.  

The goals of the MakeITReal project include (1) Design and model an active, learner-cantered 

teaching approach for engaging underachievers into STEAM related projects through real product 

design and making practices; (2) Help underachievers in STEM related subjects to improve their 

performance and develop 21st century skills through their engagement in interdisciplinary projects 

in 3D object design; (3) Plan and enact activities and workshops that promote teacher professional 

development; (4) Create Open Educational Resources that will support school community members 

to apply the MakeITReal learning intervention; (5) Open STEM education through the infusion of 

arts and the support of product design and making practices moving beyond clichés according to 

which only STEM-talented students can make it; and (6) Establish synergies among schools, 

academia and the industry towards creative and meaningful engagement in STEAM education. 

1.2  The Rationale behind the MakeITReal Curriculum 
Recently the “maker” culture and 3D printing have been gaining popularity in schools. With the 

improvements in technology and widespread usage, 3D printers are becoming affordable for schools. 

In addition, open source and easy-to-use applications of 3D modelling are becoming available for 

younger learners. With low cost availability and educational potential of 3D printers, more schools 

are showing an interest in this technology.  

Although 3D printers can attract students’ attention, it is not always possible to maintain their 

interests unless valuable design tasks are given. Despite its potential in educational environments, 

when the process is not managed effectively, the 3D printing journey of students may end up merely 

downloading and printing materials. Every day the availability of digital 3D models on the Internet 

is increasing exponentially. There are several web sites where users can download the models and 

print them out. When teachers do not have sufficient resources for supporting students in 3D 
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modelling and 3D printing, they may easily end up to only downloading 3D models from the Internet, 

instead of focusing on how to design materials and develop students’ skills in making. With carefully 

selected tasks, the process of designing and making can feed students’ intrinsic motivation. Working 

on such creative tasks, students can start valuing the process of making and their time on task. In 

addition, 3D modelling on computers, as well as making and designing process inherently involve 

the use of STEM skills, where they will use their knowledge in mathematics, science, and technology.  

In school environment, implementing a curriculum for 3D printing has two major pedagogical 

challenges. First, during the school days, students have limited time for such activities. Students in 

most of the schools have an average of 1 hour per week to study 3D printing as an extracurricular 

activity. Students need to follow their regular classes in which they have many responsibilities. On 

the other hand, 3D modelling and printing activities usually take time and puts additional tasks for 

students. In such limited constraints, students need to both learn the software, which also takes time 

to learn, as well as do open ended 3D printing projects, some of which entail several trial-and-error 

cycles. This is one of the major issues in schools for the implementation of a curriculum in 3D 

printing. The second pedagogical challenge is the difficulty to keep the 3D printing tasks as creative 

and student-centred as possible, while, at the same time, trying to teach them how to use the 3D 

modelling software. In a 3D printing task, if a teacher is showing students how to do things step-by-

step every time, this will limit students’ use of creativity and will not help them to use skills like 

problem solving, creativity, or engineering design thinking. On the other hand, step-by step guides 

are inevitable during the initial learning process. Therefore, a curriculum in 3D printing has a 

dilemma of being too directive versus too open-ended for the target group of students.  

The MakeITReal curriculum addresses these challenges by a series of 10 projects, which proceeds 

gradually from simple to complex, from structured to more open-ended, and from teacher-directed 

to student-centred. Due to time limitations, the MakeITReal curriculum does not require separate 

sessions for teaching the 3D modelling software. It is possible for some schools to include the 

learning of 3D modelling software in their regular IT classes and do the 3D printing activities in 

separate sessions. However, considering the school ecosystems across Europe, the MakeITReal 

curriculum assumes that many schools do not have time and resources for a separate course on 

learning how to use 3D modelling software, such as FreeCAD. In the MakeITReal curriculum, 

students will learn the software while they are working on their projects. The first three projects (The 

Geometric Solids, The Keychain, and The Penguin) requires the use of the most basic features of the 

3D modelling software. In these sessions, teacher will need to provide step-by-step instructions on 

how to design the desired models. These instructions are also included in the MakeITReal open 

curriculum materials. These initial projects should be considered as an opportunity to warm-up for 

the software, as well as getting to know how 3D printers work and other related concepts. Later on, 

step-by-step guides will cease, and students will be expected to use their own ideas and efforts to 

develop materials. In the open curriculum materials, some of the 3D printing tasks still have step-by-

step guides for some additional helpful features of the software. However, after the third project, 

even if the step-by-step instructions are provided, students will be asked to create their own designs. 

Through this approach of the MakeITReal curriculum, pedagogical challenges of the 3D printing 

process will be addressed.  

The MakeITReal curriculum is based on the FreeCAD software. The rationale for selecting this 

application is explained in detail in the MakeITReal Technical Reference Guide. In addition to its 

technical features, this software has many advantages for schools in a pedagogical sense. In 

summary, the reasons for selecting FreeCAD include;  

 Desktop based. Although most of the schools have internet connection, a continuous and 

reliable Internet connection may not be available for all.  FreeCAD will enable users to work 

offline, when internet connection is not available.  

 Parametric. Through its parametric design features, in FreeCAD students will apply their 

geometry knowledge into object design. This way it may contribute to the learning of 

geometry. 
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1.2.1 Easy to use and learn. Unlike some of the other advanced open source software, 
FreeCAD is relatively more user friendly.  

 Open source. Students can freely download FreeCAD into their personal computers. They 

can work on their projects at home.  

 Comprehensive. FreeCAD is a comprehensive freeware CAD tool with many advanced 

features. Includes opportunities for advanced learning.  

 Not limited to young children. FreeCAD is not only targeting children (like Tinkercad) and 

therefore it has the flexibility to be utilized in different environments. In this way, even after 

the MakeITReal curriculum ends, they can work on more advanced tasks.  

 STEM connections. FreeCAD can enrich other courses within the secondary education 

curriculum, such as mathematics, physics, programming, engineering.  

The MakeITReal curriculum is designed as an extracurricular work of students. Still, it requires 

students to meet regularly with at least one hour per week for a semester. The duration for each 

student project may vary depending on the students’ pace. While the initial projects take less time, 

the later ones require extensive durations. Some of the student projects in the MakeITReal curriculum 

can be completed in more than one session and take several weeks. Such projects can be best handled 

if students keep working on them regularly. 

1.3 3D Printing and STEAM Connection 
As stated earlier, the process of 3D modelling and 3D printing inherently have connections to 

STEAM fields. Working on 3D printing, many times, can involve an interdisciplinary thinking. The 

MakeITReal project includes 10 student projects involving real-life challenges that integrate hands-

on problem solving into the existing school curriculum. The STEAM connections of the projects in 

the MakeITReal curriculum has been summarized in the following table.  

Projects STEAM Connections 

Geometric Solids Technology, Mathematics 

Keychain  Technology, Arts and Mathematics  

Penguin Technology, Arts and Mathematics 

Stamp Science, Technology, Arts and Mathematics 

Tangram Technology and Mathematics 

Pen Holder Technology, Art and Mathematics  

Design a Boat Science, Technology, Engineering, Mathematics and Art 

Monument Technology, Engineering, Mathematics and Art 

Includes history and architecture connection. Students are modeling and 3D 

printing a historical building or the landmark of a city. 

Railway Track Science, Technology, Engineering, and Mathematics 

Free Project Students’ choice of interests 

 

Technology connection: In 3D modelling and printing process, students extensively use technology. 

They develop models, prepare them for printing, transfer files, share their work, etc. Therefore, all 

projects have a technology connection.  
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Art connections: In some of the tasks, students are asked to design and envision a unique three-

dimensional form. In these projects, to some degree, the 3D printed object can be considered as an 

artistic object. Students are expected to use their creativity to design unique objects.  

Mathematics connections: Every 3D object has a geometry in it. When students design an object, 

they use their knowledge of geometry. Therefore, all of the projects involve some extent of 

geometrical thinking. In this sense, all 3D printed objects are linked to geometry learning. In addition, 

some of the student projects have mathematics in focus (Geometric Solids, Tangram). Besides 

geometry concepts, in monument project, students are expected to create a smaller model of a larger 

building. This projects requires the use of proportional reasoning by leading students to find out 

proportional dimensions of their models.  

Science connections: The 3D printing of a railway track and a boat that can carry weight is connected 

to scientific concepts. In railway track, students need to consider the slope of the ramps or they will 

need to consider the sharpness of the bends in order to allow safe turns of the train. Science 

connection in some projects may be hidden. In other words, although they have some degree of 

science connection, some of the tasks may not explicitly seem to be related to science. For instance 

in the stamp project there is a printing challenge, where 3D printers cannot extrude filament to air to 

stand hanging there (an issue known as ‘overhang’). This is a physical phenomenon that students 

need to pay attention in all 3D models and develop a solution. 

Engineering connections: The projects of Design a Boat, Monument, and Railway Track requires 

students to think like an engineer, in which they will develop a design, create it, test and evaluate it, 

and revise if necessary. Therefore, through these steps, the projects encourages students to use 

engineering skills.  

1.4 The Structure of the MakeITReal Curriculum  
The MakeITReal curriculum includes full descriptions of 10 exemplary interdisciplinary projects 

focused on Science, Technology, Engineering, Arts, and Mathematics (STEAM). Each project has 

two components. First is the ‘student task sheet’ to be hand in to students, in which the project task 

is described for them. This component is prepared to be 1 page for each task. The second component 

is the teacher guide for each project. The teacher guide includes short description of the project 

(scenario), rationale, prerequisite skills for students, pedagogical objectives, STEAM concepts 

covered, technical and practical instructions, as well as pictures of some 3D printed samples are also 

given. In some cases, links to other resources (videos, troubleshooting guides, etc.) are also presented 

when necessary. In teacher guide, when the procedures are given, explanations to the teachers on 

how to implement the project in a constructivist/constructionist and project-based leaning way are 

also explained. In some of the projects, a third component that gives step-by-step explanations of 

how to create a sample object in FreeCAD is included. This component includes screenshots and 

instructions of the modelling process.  

The brief descriptions of each projects are as following. The details of each one is given in Chapter 

3 of this report.  

1. Geometric Solids: Ask students to create a cube with dimensions of 3×3×3 cm. While 

creating the cube they will start learning the 3D modelling software, FreeCAD. After 

finalizing cube, depending on time, ask them to create their own solids, as given in the 

worksheet.  

2. Keychain: Ask students to create a keychain with your school’s name on it. While creating 

the keychain the students will continue working on the 3D modelling software, FreeCAD 

and will learn new commands and features. After finalizing the keychain, depending on time, 

ask them to prepare a gift keychain for someone they want or for themselves.  
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3. Penguin: Ask students to create a penguin-shaped desk decoration. While creating the 

penguin, the students will be working on the 3D modelling software, FreeCAD, and will 

learn new commands and features. After finalizing the penguin, depending on time, ask them 

to prepare a different shaped desk decoration. 

4. Stamp: Ask students to design a stamp mark and a stamp handle. While creating the stamp, 

the students will be working on the 3D modelling software, FreeCAD, and will learn new 

commands and features. The student worksheet will guide students to develop a sample, but 

they will be asked to create their own design of a handle and a mark.   

5. Tangram: Ask students to create a tangram puzzle. While creating the tangram puzzle, the 

students will be working on FreeCAD using their existing knowledge of commands and 

features. The student worksheet will inform students about the dimensions and geometric 

properties of the tangram pieces. This project does not include a step-by-step guide for 

designing and printing the pieces. 

6. Penholder: In this activity, students will design a penholder. While creating the penholder, 

the students will be learning about primitives and Boolean features of the FreeCAD.  The 

tutorial will guide students to learn about these features by creating a sample penholder. 

However, their main task is to create their own designs. There will be no step-by-step guide 

for the main output of the project.  

7. Design a Boat: Challenge students to create a boat that can carry the most pennies without 

sinking. The boat can have any shape, but the dimensions of the boats cannot exceed 

12x12x6 cm. This project does not include a step-by-step guide for designing and printing 

the pieces. 

8. Monument: Challenge students to model a local building or a monument of their choice and 

3D print it. Students will search for interesting buildings in their town, select one of them 

and find visual materials about this building. If necessary, they may visit the site and get 

photographs from different angles, so that they can later create a 3D model of it. 

9. Railway Track: Challenge students to build a small-scale railway track that will guide a toy 

locomotive or a car to run on it and 3D print it. Students will gather information about railway 

tracks and the main goal is to create an effective one. 

10. Free Project: This is a free project in which students are asked to determine their own task. 

They will decide what they want to do, and then, design and build it on their own. Teachers 

guide them through the engineering design process.  

In every session, the focus is on understanding the challenge, brainstorm, sketch, and creating the 

3D model on computer. 3D printing process usually takes a lot of time. It is recommended to print 

the models after the sessions, during another day. They can start the printing process in the morning, 

and then students and teachers can monitor the 3D printer during the breaks. It is important to keep 

an eye on the 3D printer during the printing process. However, for students and teachers, it is almost 

impossible to be there during the entire printing process. An option to manage this issue is to monitor 

the printer until the end of the first layer of the printing process and make sure that the first layer is 

printed fine. Then, viewing the printing process during every break can be an option of optimum 

using of time.  

1.5 Open Educational Resources 
All the materials of the MakeITReal curriculum are available online at the project web site: 

http://makeitreal.info/ as well as in the eClass, both of which are freely available to education 

http://makeitreal.info/
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community worldwide. Educators can register to eClass and reach to resources related to 3D printing 

and the MakeITReal curriculum. Registration for the eClass can be done as following:  

1. Click the link below to start the registration process: 

https://eclass.gunet.gr/index.php?localize=en  

 

Click Register and then go to “student registration box” and select "New Account registration" (see 

picture below) 

 

 

 

 

 

2. Provide all the information needed. Fill in your name, surname, username, password, email, 

StudentID and select Faculty.  

 

Please, take care of the following points: 

Email  

Email may appear as optional, but you are advised to put it here because it will ease the registration 

process and will help the communication.  

StudentID  

StudentID is: makeitreal    

It is important to fill in the StudentID; this will allow us to find you easily.  

 

Faculty 

The options are all in Greek!  

You should select the 1st option (see picture below) and then click on the “select” button. 

https://eclass.gunet.gr/index.php?localize=en
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3) Now your registration email address must be verified. You should check your mailbox. A 

confirmation email has been sent to you by GUNET eClass.  

 

4) Log in using your username and password. 

 

The eClass administrator can find you and enroll you in the class (given that you have inserted 

correctly the aforementioned studentID makeitreal) 

 

5) In any case, you can search for the course and request registration by inserting the course 

code: SOCGU268 in the search box (see picture below) 
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Then click on the Course registration request (see picture below) 

 

 

Complete the request form typing down ideally your username and email address and click Submit 

For example: 

“I would like to attend this course. My username is ...... and my email is……….” 
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In case you have any problem, do not hesitate to contact us at info@edumotiva.eu or 

makeitreal.erasmus@gmail.com   

 

mailto:info@edumotiva.eu
mailto:makeitreal.erasmus@gmail.com
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Chapter 2: Pedagogical Model 

2.1 Student Design Process 
The MAKEITREAL projects is based on a pedagogical approach that aims to develop students’ skills 

through making and constructing. This approach has theoretical bases in constructionist perspective, 

which argues that construction of knowledge occurs when students are engaged in building, making 

and publicly sharing objects (Papert, 1980; Blikstein, 2013).  Main tenets of constructionist education 

include (Bers et al., 2002):  

 A constructionist approach to education: Setting up educational environments to help 

learners design and build meaningful projects to share with others and encourage learning 

by doing.  

 The importance of objects:  Objects and technological tools are important for facilitating 

the learning of abstract phenomena.  

 Powerful ideas empower the learner: Powerful ideas offer new ways of learning and 

thinking that help learners make meaningful connections with other knowledge domains.  

 The value of self-reflection:  Meaningful learning experiences occur when learners monitor 

and evaluate their own thinking and learning process. 

In a constructionist learning environment, learners use the construction materials and technology to 

build projects where teachers are facilitators and learners are makers (Blikstein, 2013). In this respect, 

using engineering design process as a learning and teaching approach allow us to create a 

constructionist learning environment where students plan, design and build their own projects using 

3D modelling and printing. Engineering design process is a crucial element of engineering education 

(Atman et al., 2007). While there are different descriptions of engineering design process, the most 

common characteristic is the iterative cycle of steps that requires continuous planning, testing and 

improvements of a design (Parker et al., 2016). Engineering design is similar to the pedagogical 

approach that is known as ‘scientific inquiry’, in the sense that, both requires an investigation of a 

problem, as well as in both approaches learners take the responsibility of constructing their own 

understanding. However, different from scientific inquiry approach, the engineering design process 

does not necessarily have a focus on scientific principles (King & English, 2016).  

Inspired by the engineering design process steps proposed by Engineering is Elementary curriculum 

developed by the Museum of Science, Boston (see Appendix I) and the design steps proposed by the 

Design Squad Global, WGBH Educational Foundation (see Appendix II), the following is the student 

design process used in MakeITReal Curriculum. In each project of the curriculum, our aim will be 

to guide students through the design steps described below. The student design process is an iterative, 

cyclic but also flexible process. While following these steps, students can go back to the previous 

step any time. For example, if they have difficulty while they are building their design, they can go 

back to the planning step and make a new plan for their design or they can go back to the beginning 

and set a different more achievable purpose for themselves. 
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Figure 1. Student Design Process 

 

2.1.1 Understand the challenge 

In this step, students are expected to make sense of the given task. Understanding the given task will 

enable them to set their goals, identify their limitations, and outline their project. To enable students 

to think about the project task teacher may encourage students to think about following questions:   

 What is the project goal?  

 Are there any constraints?  

 Did everybody in my group understand the project? 

In this step, the teacher should be sure that every student correctly understand the given task and set 

an achievable purpose to themselves. Sometimes it may be difficult for students to make sense of the 

project tasks. Teacher needs to guide students to think about the specifications and limitations of the 

given task. Before proceeding to the next steps, the students should have a clear purpose on their 

minds.  

Teachers are advised to create an environment where students can talk about their understanding of 

the project. For instance, in the MakeITReal curriculum, there is a project named “Railway Track”, 

in which students are challenged to build a small-scale railway track that will guide a toy locomotive 

or a car to run on it. In such an activity, there may be students who are not familiar with the physical 

principles of how trains follow the tracks. In this case, in the beginning of this activity teacher may 

ask them about railways, show relevant pictures that will help to understand the issue. Teacher may 

encourage students to do a research about railway engineering and construction. 

2.1.2 Brainstorm 

In this step, students develop ideas and discuss the possible ways of achieving their goals. They 

evaluate those options, compare the advantages and disadvantages of each option and try to choose 

the best one. They need to consider the time, material and effort needed for each option. Students 

also discuss the possible problems they might face with and should plan how they can prevent and/or 

solve those problems. Some of the questions that students may consider in this step include:  

 What are some possible ways that I can do the project?  

Understand the 
challenge

Brainstorm

Sketch

Build & Test

Evaluate

Improve & 
Redesign

SHARE 
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 What are some problems I may face with while doing our project?  

 How can I minimize the time/material/effort needed to do my project without sacrificing 

the quality?  

In this step, teachers should guide students to discuss different ways of achieving their goal. If it is a 

group project, the teacher should encourage every student to share his or her ideas and participate in 

the group discussion. Teacher may give hints to students about the “improve performance and reduce 

cost” principle in engineering. In real world, engineers have time and budget limits while doing a 

project, so the students should also think about these aspects. They should use their materials and 

time carefully without decreasing the performance of their design. The teacher should also alert 

students to take limitations of 3D printers into consideration.  

Going back to the “Railway Track” project of the MakeITReal curriculum, in this phase, teacher may 

let student to talk about their ideas give them time to discuss. In this phase, sometimes teachers may 

notice that students are going in a direction that could not be possible to achieve. In such cases, 

teachers may pose probing questions in order to help them change their direction or to think about 

practicalities of their ideas. In this example, some questions can be: What geometrical properties 

does you track have? How should you design the turns? What should be the geometry of a junction? 

How should a turn be shaped so that we can obtain a loop? How sharp should the turns be in order 

to allow the wheels to operate easily? 

2.1.3 Sketch 

In this phase, students should be encouraged to make drawings of their design before building it. 

Engineers always have a sketch before they start to build something. Sketching help students to 

consider details of their project. Just planning something in mind is not enough to build it. The 

guiding questions of this phase are: 

 What will our design look like?  

 What are the details we need to consider?  

In this step, the teacher should make sure that each group/student have a sketch of their planned 

design. Sketching will allow students to better describe their design and communicate better as a 

group. Members might have a different version of their design on their mind. Sketching will make 

the expected final design clear and same on each member’s mind. The students may prepare a sketch 

of their design using FreeCAD software or they can make drawings on paper first, and then move to 

FreeCAD. Either way, the teacher should guide students to specify the dimensions of their designs. 

In the Railway Track project example, sketching is very critical, because the track models will have 

many geometrical properties that need to be precisely modelled. In most of the cases, sketches need 

to be done on a millimetre grid paper so that the dimensions can be worked precisely. These sketches 

will be very helpful in the next step while creating the models on the computer. Making revisions on 

paper will be easier than doing it on the computer. Through the drawings on grid paper, they can test 

if the wheels of their toy vehicle fits into the dimensions they specified on an early phase of the entire 

process.  

2.1.4 Build & Test 

In this phase, students follow their plan and build their design according to their sketches. They draw 

their final design on FreeCAD before printing. After finalizing their sketches, they export their 

designs to Cura software and make necessary adjustments and controls.   

 How should we adjust the printing settings (infill density, quality, support etc.)? 

 How can we minimize the duration and material while printing?  

 Did we get what we expected or do we need to rebuild?  
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In this step, the teacher should emphasize the importance of monitoring the printing process. 

Sometimes printing error occurs, and students may need to cancel the process and restart. The teacher 

can also mention the possible errors they can face during printing and warn them to take necessary 

precautions before printing. 

Evaluate: Students evaluate their object and decide whether they get what they planned or not. 

Students also evaluate their performance during the task. If it is a group activity, students also 

evaluate their peers and their group performance.  

 Did we achieve our goal?  

 How can we make our design better?  

 What were the difficulties?  

 What should we change the next time?  

In this step, the teacher should encourage students to discuss their working process as a group. The 

teacher should also emphasize the importance of learning from mistakes and guide them to discuss 

their failures as well as their achievements.  

2.1.5 Improve & Redesign 

Students discuss the ways to improve their design. If they are happy with their design and they do 

not think any improvements are necessary, they may add new features to their original design and 

make it more complex and diverse. In addition, students may examine other projects for inspiration 

and feedback.  

 How can we make our design better? 

 What should we change in our design to increase its performance? 

 What can we add to our design to make it more comprehensive? 

In this step, the teacher should guide students to discuss how to improve their design as a group and 

with other groups. The teacher should facilitate a discussion environment where students give and 

receive feedback from each other. The teacher may also ask students what other features can be added 

to their designs and encourage students to try these new ideas.  

2.1.6 Share 

In the MakeITReal curriculum, sharing is not considered only as a final step in the 3D modelling and 

printing process. It can be done at every stage of the process. That is the reason why in Figure 1, 

“Share” is at the middle of the model. Sharing their modelling work is of supreme value in the 

MakeITReal curriculum. In every 3D print project, students should be encouraged to share their work 

with their peers. Sharing in every stage of the design process is possible and valued. For instance, 

brainstorming is most effective when it is done as a shared activity. During brainstorming, ideas of 

one student can trigger new unique ideas on another. Student can share their feedback for others’ 

ideas. In sketch phase, for instance, students can discuss about the feasibility of their study. Through 

sharing, they can learn from each other’s experiences. Sharing of the final product with public should 

also be encouraged. Students can organize an exhibit of materials they developed. This will have a 

motivational value for the students who are at risk of school disengagement.  
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Chapter 3: Projects of the MakeITReal 
Curriculum 

This section includes teacher and student documents of the 10 projects developed for MakeITReal 

curriculum. 
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3.1 Project 1: Geometric Solids 

3.1.1 Geometric Solids - Teacher Guide 

 

 

Geometric Solids 

 

SHORT DESCRIPTION 

Ask students to create a cube with dimensions of 3×3×3 cm. The goal in this project is not only 

to develop a cube, but also to start learning the 3D modelling software, FreeCAD. After 

finalizing cube, depending on time, ask them to create their own solids, as given in the 

worksheet. 

RATIONALE 

This is an initial activity that aims to introduce to students the 3D modelling software (FreeCAD 

in this case) as well as the basics of 3D printers. To allow students to focus on learning the 

software, the project is chosen to be simple.  

STUDENT BACKGROUND 

 Students need to have basic computer skills.  

OBJECTIVES 

After this project, students will be able to  

 Use basic “Part Design” features of the FreeCAD. 

 Understand the constraint tools in FreeCAD. 

 Use “padding” feature of the FreeCAD 

 Create a cube in given dimensions.  

STEAM CONCEPTS  

Technology and Mathematics  

PROCEDURE 

1. Understand the challenge:  

 Encourage students to share what they already know about 3D printing. Display the 

following video as a brief introduction to 3D printing (Video duration is 2,31 min).  

https://www.youtube.com/watch?v=Vx0Z6LplaMU 

 Encourage students to reflect further about 3D printing and about what they would like 

to learn.  

 Inform students that they will learn creating models in computer using FreeCAD while 

working on a different project every week.  

https://www.youtube.com/watch?v=Vx0Z6LplaMU
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 Distribute the worksheets to the students. Make sure that students pay attention to the 

basic geometrical properties of a cube.  

2. Brainstorm:  

 Give students time to discuss their prior knowledge about 3D design and printing.  

 Let students discuss what they expect from this experience and what the possible 

challenges are.   

3. Sketch:  

 Tell students if they want to, they can make sketches of the cube on a milimeter grid 

paper to make the final design clear on their minds. However, since this is the 

beginning activity and all dimensions are specified in the student worksheet already, 

this step is optional.  

 Introduce students the FreeCAD software. Ask them to follow instructions to create the 

cube.  

4. Build & Test: 

 After they finish modelling the cube, make sure that they save it. Then, ask them to 

create an STL file. Use Cura to finalize the STL file for printing.  

 Start the printing process in the 3D printer. While the 3D printer works, inform 

students about the basic parts of it (extruder, filament, bed) and make sure that they 

observe it.  

 Printing the cube will take time. Please review the approximate printing durations 

given in this document. If you have limited time, please consider re-scaling the object 

in Cura, so that printing duration is shorter. In addition, failed prints are quite normal to 

happen. You can use such cases as learning opportunities for 3D printing, by exploring 

the reasons. For a troubleshooting guide please visit:  

https://all3dp.com/common-3d-printing-problems-3d-printer-troubleshooting-guide/  

5. Evaluate: 

 Ask students whether they get the design they planned or not. If not, ask them what 

may be the reason behind the difference(s) between their plans and final products.   

 Encourage students to evaluate their own performance throughout the process.   

 Discuss the difficulties (if there is any) students faced while designing and printing.  

6. Improve & Redesign:  

 If all groups/students are happy with their final products, ask them what kind of 

different features might be added to their current designs.  

 If they are not satisfied with their design, ask them what might have gone wrong and 

encourage them to try again.  

 If enough time is left, as an extension activity, student can choose one of the geometric 

solids given in the worksheet and create it in FreeCAD.  

 Share:  

• Throughout the process, encourage students to openly share their ideas with their peers. 

Students should be able to give and receive feedback from each other and their teachers 

any time they need to.   

https://all3dp.com/common-3d-printing-problems-3d-printer-troubleshooting-guide/
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• After all students/group finalize their designs, give them time to present their products 

to each other and share their experiences.  

APPENDICES 

Worksheet and step-by-step guide.  

 

TIME NEEDED TO PRINT 

The following tables include approximate durations for printing the objects. Please note that the 

durations given below are approximate and may vary based on many factors, including the model of 

the printer and the quality options of the printing task. Please check with Cura for a more accurate 

estimate of duration in your equipment.  

A cube with dimensions 3×3×3 cm  

Infill 

density 

Approximate 

duration 

Light 2 hrs. 

Dense 3 hrs. 

Solid 10 hrs. 

A small cylinder with 2 cm diameter and 2 cm height 

Infill 

density 

Approximate 

duration 

Light 30 min 

Dense 1 hr.  

Solid 2,5 hrs. 

A cylinder with 4 cm diameter and 4 cm height 

Infill 

density 

Approximate 

duration 

Light 3 hrs. 

Dense 5 hrs. 

Solid 19 hrs. 

3D PRINTED SAMPLES 
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3.1.2 Geometric Solids - Student Task Sheet 

 

A cube is a three-dimensional shape where each of the six sides is a square.  

 

 

 

 

 

PROJECT TASK 

Your task is to create and 3D print a cube with dimensions of 303030 mm. 

 

 

 

 

EXTENSION 

After finishing cube, if you have time, create one of the following solids in the dimensions of your 

choice.  You can share the work in your group and each of the members can develop a different 

shape, so that you will have full set of solids. Optionally, you can also create solids that are not 

listed here.  

  

 

 

Cube 

Triangular Prism Rectangular Prism Pentagonal Prism Cylinder 
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STEP BY STEP GUIDE FOR CREATING A CUBE IN FREECAD 

 

3.1.3 Geometric Solids - Tutorial 

 

STEP 1. Chose “Create a new Empty Document“ – “Part Design” – “Create a New Sketch” – “XY-

Plane” and click OK.  

 

 

STEP 2. Chose Rectangle tool and create any rectangle on the drawing area. Then right click mouse 

to quit the rectangle tool.  
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STEP 3. Click on the origin of the coordinate system and the corner point of the rectangle to select 

both of them (shown by black arrows on the image). When they are selected, click on the “Create a 

coincident constraint” to join them (to make them coincident). Now one corner of the rectangle is 

fixed to the origin.  

 

 

STEP 4. Click on each of the edges of the rectangle to select all four of them. When they are selected, 

click on the “Equity constraint” to make them equal length. 
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STEP 5. Now we have a square, since all sides are equal. We can specify the length of one side of 

this square. To do it, select one of the horizontal sides of the square then select the “Horizontal 

Distance” tool. Then set it to be 30 mm and select OK. Now we have a square that has 30 mm of side 

length.  

 

 

STEP 6. Close the sketch.  
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STEP 7. We will use this square to create rest of our cube. Hit “0” on the keyboard to switch to the 

axonometric view. Then click the “Sketch” on the left hand side to select your sketch (make sure that 

it turns into green color). Then click on the “Pad” tool on the toolbar.   
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STEP 8. The pad tool will give thickness to the square. Now chose the amount of padding, that will 

be the height of your shape. Write length as 30 mm and select OK. Now you have a cube with 3cm 

side length.  Save your work.  

   

STEP 9. Your cube is ready for the next step. To make it ready for 3D printer, you need to export 

your object as an STL file. To do that, first select your object by clicking the “Pad” on the left. Then, 

from the File menu, select Export. Then chose “Save as Type” as “STL Mesh”. Name your file as 

“Cube” and click the Save button.  

STEP 10. As a final step, open your Cube.stl file in Cura software. Inspect it for several options 

(chose infill density, check duration, etc.), then save it for the printer.  
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Your file is ready to print now.  
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Now is time for free work. Chose another object from your worksheet and create it by yourself.  

Hints for cylinder:   

1. First chose your dimensions (e.g. cylinder may have a radius of 30 mm and height of 30 

mm) 

2. Follow similar steps as cube.  

3. Use the “Fix the Radius” constraint to specify the radius of the base (e.g. 30mm).  

4. You may also use the “Part” workbench to create a cylinder.  

 

Hints for pentagonal prism:   

1. First chose your dimensions.  

2. Follow similar steps as cube.  

3. Use the polygon tool to create the pentagonal base 

4. The pentagon is inscribed in a circle. To specify the size of the pentagon, use the “Fix the 

Radius” constraint on this circle, and set the radius of the base (e.g. 30mm).  

Hint for triangular prism (challenging):   

1. To create a triangle you will need three lines. The endpoints of these three lines should be 

coincident. To do that, click on two point to be joined, and click on the “Coincident” tool 

in the toolbar (shown by arrows). Repeat this for the other corners of the triangle.  
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An easier way to create basic geometric solids in FreeCAD can be done through “primitives”. 

After creating a new empty document, go to the “Part” workbench. Then select the cube tool from 

the toolbar. After selecting the cube on the left, you can change its dimensions.  
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3.2 Project 2: Keychain 

3.2.1 Keychain – Teacher Guide 

 

 

Keychain 

 

SHORT DESCRIPTION 

Ask students to create a keychain with your school’s name on it. While creating the keychain the 

students will continue working on the 3D modelling software, FreeCAD and will learn new 

commands and features. After finalizing the keychain, depending on time, ask them to prepare a gift 

keychain for someone they want or for themselves. 

RATIONALE 

This is the second activity that aims to improve students’ ability to use the 3D modelling software 

(FreeCAD in this case) as well as the basics of 3D printers. With this activity, the students will learn 

different commands and features of the software. Students will design and print a more complex 3d 

object; a keychain with their school’s name.   

STUDENT BACKGROUND 

 Students need to have basic computer skills.  

 Students need to know the basic commands and features of the FreeCAD software.  

 Students need to know how to use Cura software for 3d printing. 

OBJECTIVES 

After this project, students will be able to  

 Use basic commands in “Part Design” workbench of FreeCAD. 

 Create text string in shapes in Draft workbench of FreeCAD.  

 Apply the constraint tools in FreeCAD. 

 Use “padding” feature of the FreeCAD. 

 Create a keychain with given specifications.  

 Explore arc concept.  

STEAM CONCEPTS  

Technology, Arts and Mathematics  
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PROCEDURE 

1. Understand the challenge: 

 Inform students that they will design a keychain with their school’s name using 

FreeCAD. Ask them how they can design this keychain using FreeCAD.  

 Distribute the worksheets to the students. Make sure that students pay attention to the 

dimensional specifications of the keychain given in the worksheet.   

2. Brainstorm:  

 Let students discuss what they expect from this experience and what the possible 

challenges are.   

 After they identified the possible challenges, encourage them to discuss how they will 

overcome these challenges.  

3. Sketch:  

 Tell students if they want to, they can make sketches on a millimetre grid paper to 

make the final design clear on their minds. However, since this is one of the initial 

activities and all dimensions are specified in the student worksheet already, this step is 

optional.  

 Introduce students the FreeCAD software. Guide students to follow the instructions 

given in the worksheet and start designing the keychain.  

 Tell students that the student guide is based on the text “MAKER” and if they want to 

they can replace this text with a different name preferably less than 8 characters. 

4. Build & Test: 

 After the students finished modeling the keychain, make sure that they save it. Then, 

ask them to create an STL file. Use Cura to finalize the STL file for printing.  

 Start the printing proces in the 3D printer and observe.  

Please review the approximate printing durations given in this document. If you have 

limited time, please consider re-scaling the object in Cura, so that printing duration is 

shorter.  

5. Evaluate: 

 Ask students whether they get the design they planned or not. If not, ask them what 

may be the reason behind the difference(s) between their plans and final products.   

 Encourage students to evaluate their own performance throughout the process.   

 Discuss the difficulties (if there is any) students faced while designing and printing.  

6. Improve & Redesign:  

 If all groups/students are happy with their final products, ask them what kind of 

different features might be added to their current designs.  

 If they are not satisfied with their design, ask them what might have gone wrong and 

encourage them to try again.  

 If enough time is left, as an extension activity, student can prepare a gift keychain for 

someone they want or for themselves. 
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 Share:  

• Throughout the process, encourage students to openly share their ideas with their group 

members and other groups. Students should be able to give and receive feedback from 

each other and their teachers any time they need to.   

• After all students/group finalize their designs, give them time to present their products 

to each other and share their experiences.  

APPENDICES 

Worksheet and step-by-step guide.  

TIME NEEDED TO PRINT 

The following table includes approximate durations for printing the objects. Please note that the 

durations given below are approximate and may vary based on many factors, including the model of 

the printer and the quality options of the printing task. Please check with Cura for a more accurate 

estimate of duration in your equipment.  

Infill 

density 

Approximate 

duration 

Light 50 min 

Dense 50 min 

Solid 1 hr.   

 

3D PRINTED SAMPLES 
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3.2.2 Keychain – Student Task Sheet 

 

PROJECT TASK 

Create a keychain with your school’s name is written on it1. 

 

 

 

 

 

 

Sketch of keychain with “MAKER” written on it.  

 

 

 

 

 

 

EXTENSION 

Prepare a gift keychain for someone you want.  

 

 

  

                                                      

1 The text should not be too long, preferably less than 8 characters. If your school’s name is longer, chose a 

different name. 

 

MAKER 
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3.2.3 Keychain – Tutorial 

STEP BY STEP GUIDE FOR CREATING A KEYCHAIN  

This guide will be based on the text “MAKER”. The finished product will look like the following:  

 

STEP 1. In FreeCAD chose “Create a new Empty Document“ – “Part Design” – “Create a New 

Sketch” – “XY-Plane” and click OK.  

STEP 2. First, we will create the frame of the keychain. Using the rectangle tool, create a new 

rectangle, similar to the one shown in the figure.  

 

STEP 3. We will add two constraints to this rectangle. First, we will join one corner of the rectangle 

to the origin point. For this purpose, select the corner point that is closest to the origin, and select the 

origin point (shown in the figure). Then, click on the “coincident” constraint on the toolbar (see 

figure).  

 

MAKER 
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STEP 4. Now one corner of the rectangle is fixed to the origin. We will add a second constraint, that 

is the vertical side-length of the rectangle. (1) Select one edge of the rectangle (see figure). As an 

indicator of the selection, it will turn green. (2) Then, click on the “vertical distance” constraint on 

the toolbar. This constraint will fix the vertical length of the selected edge. (3) Specify the length as 

14 mm and click OK.  

 

 

STEP 5. We will construct the round edge of the keychain, on the left hand side of the rectangle. For 

this purpose, we will use the “arc” tool ( ) on the toolbar. This tool is used for creating and arc, 

not the full circle.  

(1) Select the “arc” tool. The first point we will click will be the center of the arc. We want 

the center to be fixed on the left edge of the rectangle.  

(2) Click on the edge of the rectangle, this will automatically fix the point to the edge. Before 

clicking, make sure that the edge turns into yellow, which means, when you click, the point 

will be automatically fixed to the line.  

 

 

1 

2 

3 

1 

2 
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(3) To set the start point of the arc, click on the upper corner of the rectangle—shown by 3 

in the figure,  

(4) then click on the lower corner—show by 4 in the figure.  

Please note that before clicking on 3 and 4, make sure that the points turn into yellow, so that 

the start and end points of the arcs will be fixed to the corners of the rectangle. If this is not 

a case, based on your previous experience can you think of a way to close the shape and 

make the points coincident? 

 

STEP 6. Using the circle tool, create a circle which is concentric with the arc we created in Step 5. 

For this purpose, while creating the circle, make sure that the center of the circle is fixed to the center 

of the arc.  You can join the two center points after creating the circle, using the “coincide” constraint 

on the toolbar.  

 

 

 

 

 

 

3 

4 



MAKEITREAL Project    Erasmus+ KA2 2016-1-PL01-KA201-026492 

39 

STEP 7. We will fix the radius of this circle to 4 mm. For this purpose, (1) select the circle, and (2) 

select the “radius” constraint. (3) specify the radius as 4 mm.  

Please note that we will not fix the horizontal length of the rectangle. Depending on the length of our 

text, we will adjust it later.  

 

 

STEP 8. Before closing the sketch, select the left edge of the rectangle (highlighted in yellow) and 

delete it. Then close the sketch  

 

 

1 

2 

3 

Delete the left edge of 

the rectangle.  
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STEP 9.  We do not have any tool to add text in the “Part Design” workbench. To be able to add text 

into our construction, we need to go the “Draft” workbench. Select the “Draft” workbench from the 

toolbar.  

 

STEP 10. To add text,  

(1) select “Text String” tool on the toolbar. This will guide us to add text.   

 

(2) First we need to select the location of the text in the drawing area. You can either click 

on any place on the screen, to select the location of the text. In our case, for Global X 

enter 8 mm and for Global Y enter 2 mm.  Then hit enter on the keyboard. Do not chose 

“Close” yet.  

 

1 
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(3) In the next window, write your text in capital letters—lowercase letters will work fine, 

but we chose capital letters this time. In this example we entered “MAKER”, you may 

add your own text. Again, hit enter on the keyboard. Then set height as 12 mm and hit 

enter. On the next window leave tracking as 0 mm, and hit enter again. 

 

 

 

(3) In the next window, we need to choose a font file. Click on the button that has three dot 

on it.  

 

Enter height as 12 mm 
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(3) To select the font file in the coming window go to the following folder:  

bin\Lib\site-packages\matplotlib\mpl-data\fonts\ttf 

In this folder select the font “VeraBd.ttf” and click Open button. 

An alternative and easier way to reach the font file is to search for “VeraBd.ttf” file on 

the search box.  

 

STEP 11. We inserted our text into the drawing area. At this point the length of the rectangle may 

be too long, or too short. We will fix that later. First, let’s adjust the placement of the text. In order 

to do that, (1) go to the “Model” tab. (2) Select “ShapeString” text on the model tab. (3) Then click 

on the button with three dot next to the Placement option.  

 

search for “VeraBd.ttf” 

1 

2 

3 
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In the placement box, for X enter 6 mm, for Y enter 1,2 mm. For Z value enter 3 mm. Then click OK 

button.  

 

 

STEP 12. The Z value in the previous step is actually lifting the text up by 3 mm. To better view it, 

hold the shift key and using the right mouse-click, turn the shape around to observe how the text is 

placed.  
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STEP 13. On the keyboard, klick on “0” key to switch to the axonometric view. Go to the “Part 

Design”. Select the Model tab and double click “Sketch” on the left hand side of the screen.  

 

 

STEP 14. Change the size of the rectangle so that the MAKER text fits into it.  

 

 

Move this point so that the 

text will be in the box 
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STEP 15. Close the sketch. On the keyboard, click on “0” key to switch to the axonometric view. 

Select the “Sketch”. Make sure that the sketch, not the text, turns into green. Then click on “Pad” 

tool.  

 

 

STEP 16. Chose pad length as 3 mm and click OK.  

 

 



MAKEITREAL Project    Erasmus+ KA2 2016-1-PL01-KA201-026492 

46 

STEP 17. Then select the “ShapeString”. Make sure that the MAKER text turns into green. Then 

pad this text by 2 mm.  

 

STEP 18. We finished modelling. For printing, we need to export an STL file. For this purpose, 

select “Pad” and while holding the Ctrl key on the keyboard, select “Pad001” (check that your entire 

figure turns into green as an indicator of selection). Then, from the menu, select File>Export. In the 

dialogue box that will appear set “Save as File” type as “STL Mesh” and name your file as “maker”. 
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STEP 27. As a final step, open your maker.stl file in Cura software. Inspect it for several options 

(chose infill density, check duration, etc.), then save it for the printer.  

 

 

Your file is ready to print now.  
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3.3 Project 3: Penguin 

3.3.1 Penguin – Teacher Guide  

 

 

Penguin 

 

SHORT DESCRIPTION 

Ask students to create a penguin-shaped desk decoration. While creating the penguin, the students 

will be working on the 3D modelling software, FreeCAD, and will learn new commands and features. 

After finalizing the penguin, depending on time, ask them to prepare a different shaped desk 

decoration.  

RATIONALE 

This is the third activity that aims to improve students’ ability to use the 3D modelling software 

(FreeCAD in this case) as well as the basics of 3D printers. With this activity, the students will learn 

additional commands and features of the software. Students will design and print a more complex 3d 

object; a penguin-shaped desk decoration.  In this activity, students will not be given exact 

dimensions of the penguin, but they will be given a reference sketch. Then, the students will try to 

imitate the given shape by following the instructions. 

STUDENT BACKGROUND 

 Students need to have basic computer skills.  

 Students need to know the basic commands and features of the FreeCAD software.  

 Students need to know how to use Cura software for 3d printing. 

OBJECTIVES 

After this project, students will be able to  

 Use basic commands in “Part Design” workbench of FreeCAD. 

 Use symmetry constraint in FreeCAD. 

 Use padding feature of the FreeCAD. 

 Use polyline command in Part Design workbench.  

 Create a penguin-shaped desk decoration.  

 Explore symmetry concept.  
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STEAM CONCEPTS  

Technology, Arts and Mathematics  

PROCEDURE 

1. Understand the challenge: 

 Inform students that they will design penguin-shaped desk decoration using FreeCAD.  

 Distribute the worksheets to the students. Ask students to carefully analyze the given 

reference sketch. Inform them they will be imitating this shape in FreeCad. 

2. Brainstorm:  

 Let students discuss what they expect from this experience and what are the possible 

challenges.   

 After they identified the possible challenges, encourage them to discuss how they will 

overcome these challenges.  

3. Sketch:  

 Tell students if they want to, they can make sketches on a milimeter grid paper to make 

the final design clear on their minds. However, since this is one of the initial activities 

and all dimensions are specified in the student worksheet already, this step is optional. 

 Intruct students to follow the instructions given in the worksheet carefully. This is a 

long design process so remind them not to skip a step given in the worksheet.  

 Steps 22 to 25 (creating a beak for penguin) are optional. Depending on time, these 

steps can be skipped.  

4. Build & Test: 

 After the students finish modeling the penguin, make sure that they save it. Then, ask 

them to create an STL file. Use Cura to finalize the STL file for printing.  

 Start the printing proces in the 3D printer. While the 3D printer works, inform students 

“Layer Height”, “Infill Density & Infill Line Distance” concepts and make sure that 

they observe it.  

 Please review the approximate printing durations given in this document. If you have 

limited time, please consider re-scaling the object in Cura, so that printing duration is 

shorter.  

5. Evaluate: 

 Ask students whether they get the design they planned or not. If not, ask them what 

may be the reason behind the difference(s) between their plans and final products.   

 Encourage students to evaluate their own performance throughout the process.   

 Discuss the difficulties (if there is any) students faced while designing and printing.  

6. Improve & Redesign:  

 If all groups/students are happy with their final products, ask them what kind of 

different features might be added to their current designs.  

 If they are not satisfied with their design, ask them what might have gone wrong and 

encourage them to try again.  
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 If enough time is left, as an extension activity, student can prepare a different shaped 

desk decoration. 

 Share:  

• Throughout the process, encourage students to openly share their ideas with their group 

members and other groups. Students should be able to give and receive feedback from 

each other and their teachers any time they need to.   

• After all students/group finalize their designs, give them time to present their products 

to each other and share their experiences.  

APPENDICES 

Worksheet and step-by-step guide.  

TIME NEEDED TO PRINT 

The following tables include approximate durations for printing the objects. Please note that the 

durations given below are approximate and may vary based on many factors, including the model of 

the printer and the quality options of the printing task. Please check with Cura for a more accurate 

estimate of duration in your equipment.  

Infill 

density 

Approximate 

duration 

Light 50 min 

Dense 50 min 

Solid 1 hr. 

3D PRINTED SAMPLES 
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3.3.2 Penguin – Student Task Sheet 

 

PROJECT TASK 

Create a penguin for desktop decoration. 

 

  

A finished product A reference sketch on the grid. 

 

 

 

 

 

 

EXTENSION 

Try creating another shape of your choice 
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3.3.3 Penguin – Tutorial 

STEP BY STEP GUIDE FOR CREATING A PENGUIN IN FREECAD 

STEP 1. In FreeCAD chose “Create a new Empty Document“ – “Part Design” – “Create a New 

Sketch” – “XY-Plane” and click OK.  

STEP 2. In the “Edit Controls” section, on the left hand side of the screen, set the “Grid size” to 

5mm, and uncheck the “Grid snap” 

 

STEP 3. You will be creating the shape below using the “Polyline” tool.  
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STEP 4. Chose the polyline tool and create the outer line of the shape that is somewhat similar to 

the one shown above. Use gridlines given in step 3 as a guide. Polyline will create several connected 

lines that will form a closed shape. If you leave the start point and the end point not connected, you 

will need to connect (coincide) them (see next step). 
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STEP 5. We will add constraints to make this shape look better and work better.  

a. First, the shape needs to be is watertight. In other words, all lines need to be closed and the 

endpoints of each pair of lines needs to be coinciding.  

 

Select the start and end points of your polyline and click on the coincident constraint to 

close the polyline. 

 
 

 
Closed shape 
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b. Now we will make the shape symmetrical so that it looks neat. For this purpose, we will 

use symmetry constraint ( ) on each pair of points. Now let’s work on the first pair of 

points. Select the points shown in the figure (1 & 2), and then select the green axis (3 in the 

figure), which will be the symmetry line. Then click on the symmetry constraint (4 in the 

figure). This will make the two points symmetrical to the green axis.  

 

 

Little red arrows on both points indicate that they are symmetrical.  

This means when you move one of the points,  

the other one will always stay as the mirror image.  

1 
2 

3 

4 
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c. Keep doing the symmetry constraint for the rest of the pairs of points.  

 

All pairs of points are symmetrical 

STEP 6. Now draw the inner box in penguin’s tummy.  Again, make sure that the inner shape is also 

watertight (i.e. all lines are closed and touching each other). 
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STEP 7. Again, make each pair of points symmetrical using the symmetry constraint. 

 

 

STEP 8. Now move the points to make it look like the figure in step 3 by taking gridlines as reference.  

STEP 9. Use Circle tool to draw the eyes. At this point they may have different sizes, but we will 

make them equal size later, using constraints.  
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STEP 10. Select the centre point of each of the circles (1 & 2 in the figure), then select the green 

axis (3 in the figure). Then click on the symmetry constraint (4 in the figure).    We made the centre 

points of the circles symmetrical, you can now adjust the place of the circles by moving one of them 

by mouse. However, they are not in the same size yet.  

 

STEP 11. To make circles in equal size, select both circles, and then click on the equality constraint.  

Now, both circles are in equal size.  

 

1 2 

3 

4 
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STEP 12. Select one of the circles and click on the radius constraint. Specify radius as 1 mm. Both 

circles have now a radius of 1mm. Can you tell why? 

 

 

STEP 13. Now we are done with our sketch. Click on “Close” button to quit the sketch mode.  
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STEP 14. To have a better 3 dimensional view, set axonometric view by hitting “0” on the keyboard. 

Then, select your sketch by clicking on the “Sketch” text on the left.  Then click on the “Pad” on the 

toolbar.  

 

 

STEP 15. Enter length of pad as 3 mm. Then click OK.  
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STEP 16. Now we will construct the feet of penguin. For this purpose, we need to create a new 

sketch on the upper surface of the penguin, not in the ground. Before beginning the sketch, click 

anywhere on the upper surface of the shape, so that it turns into green as in the figure. Then click on 

the “Create a New Sketch” tool. In this way, your sketch will be drawn on the upper surface of the 

penguin shape.  

 

 

STEP 17. Using rectangle tool draw two rectangles as shown below. Then set indicated pairs of 

points to be symmetrical with respect to the green axis (e.g. the points shown with blue dotted arrows 

are a pair) .  
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STEP 18. Select the point shown in the figure and select the horizontal axis.  Then click on “Fix a 

point onto an object” tool.  

 

 

STEP 19. Select one edge of the rectangle (shown in the figure), then click on the “vertical length” 

constraint on the toolbar. Set the length as 2 mm and click OK.  
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STEP 20. Adjust the length of other side as desired by mouse, but not less than 3 mm. Close the 

sketch. Why do you think we do not set the value less than 3mm? Any ideas? 

 

STEP 21. Switch to the axonometric view by hitting “0” on the keyboard. Then click on the 

“Sketch001” text on the left to select the rectangles, and pad them by 8 mm.  

 

 

Steps 22 to 25 are optional. Do them if you want to create a beak for the penguin.  

STEP 22. Now we will create the penguin’s beak. Just as in step 16, begin with selecting penguin’s 

upper surface by clicking on it. Then click on the “Create a new Sketch” tool ( ). 
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STEP 23. (a) Draw the shape as in the figure. Make sure that the points (1) and (2) are coinciding 

with the with the vertical green axis. If not, select the point and the vertical axis, then click on (  ) 

tool. (b) Select the points 3 and 4 in the figure, make them symmetrical. (c) set the horizontal distance 

between the point 3 and the vertical axis as 5 mm.  

 

STEP 24. Close the sketch. Switch to the axonometric view by hitting “0” on the keyboard.  

 

 

 

1 

2 

3 4 
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STEP 25. Select the new sketch by clicking on the “Sketch002” text on the left hand side of the 

screen. Then pad this sketch by 3 mm.   

 

 

We are done with our sketch. Now we need to prepare it for the 3D printing.  Before going further. 

Save your work.  

 

STEP 26. We need to export an STL file. For this purpose, select “Pad002” text on the left hand side 

(check that all of your figure turns into green as an indicator of selection). Then, from the menu, 

select File>Export. In the dialogue box that will appear set “Save as File” type as “STL Mesh” and 

name your file as “penguin” 
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STEP 27. As a final step, open your penguin.stl file in Cura software. Inspect it for several options 

(chose infill density, check duration, etc), then save it for the printer.  

 

 

Your file is ready to print now.  
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3.4 Project 4: Stamp 

3.4.1 Stamp – Teacher Guide 

 

Stamp and Its Handle 

 

SHORT DESCRIPTION 

Ask students to design a stamp mark and a stamp handle. While creating the stamp, the students 

will be working on the 3D modelling software, FreeCAD, and will learn new commands and 

features. The student worksheet will guide students to develop a sample, but they will be asked 

to create their own design of a handle and a mark.   

A challenge in this task is the actual 3D printing process. 3D printers cannot just extrude 

filament to air to stand hanging there. Therefore, students need to carefully plan the designing 

and printing process. They should probably design and print the mark and handle separately and 

then glue or nest them.  

Moreover, students need to think about that the stamp mark is the mirror image of what will 

appear on the stamped surface. Therefore, they need to design and print a mark that is the mirror 

image of what they want to get.  

RATIONALE 

This is the fourth activity that aims to improve students’ ability to use FreeCAD software as 

well as the 3D printers. With this activity, the students will learn additional commands and 

features of the software. Students will design and print a more complex 3d object; a stamp. In 

this activity, students will be guided to develop a sample handle. Then, the students will create 

their own design of a handle and a mark.   

STUDENT BACKGROUND 

 Students need to have basic computer skills.  

 Students need to know the basic commands and features of the FreeCAD software.  

 Students need to know how to use Cura software for 3d printing. 

OBJECTIVES 

After this project, students will be able to  

 Use basic commands in “Part Design” workbench of FreeCAD. 

 Use arc command in Part Design workbench.  

 Use tangent constraint in FreeCAD. 

 Use revolve feature of the FreeCAD. 

 Create a stamp handle and a mark.  

 Create a mirror image of their design.  

STEAM CONCEPTS  
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Technology, Arts and Mathematics, Physics  

Please note that although this projects seems to be only related to arts and geometry, the printing 

challenge mentioned above (3D printers cannot extrude filament to air to stand hanging there) is 

a physical phenomenon that students need to pay attention and develop a solution.  

PROCEDURE 

1. Understand the challenge:  

• Inform students that they will design a stamp mark and a stamp handle using the 

FreeCAD software and 3D printers.  

• Distribute the worksheets to the students. Ask students to carefully investigate the 

worksheets and inform that this is just a sample design. They need to design a different 

stamp handle and a mark of their own choice.  

• Instruct students to follow the instructions given in the worksheet. It will be a good 

training for them to learn about new commands and features before making their own 

design.  

2. Brainstorm:  

• Let students develop ideas and discuss them in groups. (e.g. What will the mark be? 

How will they design the handle? What are the possible challenges?) 

• Discuss the printing challenge with your students. Encourage them to be creative and 

find a way to design and print the handle and the mark without facing any problems.  

• Observe your students while they are making plans for the designing and printing 

process. Monitor if they are aware of the mirror image issue. If it does not come up 

until they start sketching, hint them to think about it.  

3. Sketch:  

• Ask students to prepare a sketch of their stamp design on a milimeter grid paper to 

make the final design clear on each member’s mind.  

• The students may prepare a sketch of their stamp design using FreeCAD software or 

they can make drawings on paper first, then move to FreeCAD. Either way, guide 

students to specify the dimensions of their designs. 

• While they are preparing their sketches, remind them the importance of the object 

scaling for printing duration.  

4. Build & Test: 

• When sketching is over and the students finish modeling their designs, make sure that 

they save it. Then, ask them to create an STL file. Use Cura to finalize the STL file for 

printing. Remind students the importance of adjusting the printing settings and 

encourage them to think about how they can minimize the duration and material while 

printing. 

• Emphasize the importance of monitoring the printing process in case any error occurs. Remind students 

that if any printing error occurs, they need to cancel the process and restart.  

 

5. Evaluate: 

• Ask students whether they get the stamp they planned or not. If not, ask them what 

may be the reason behind the difference(s) between their plans and final products.  

Discuss what they would change if they do it again. 



MAKEITREAL Project    Erasmus+ KA2 2016-1-PL01-KA201-026492 

69 

• Encourage the students to also evaluate their performance as a group.  

6. Improve & Redesign:  

• Guide all groups/students to discuss how to improve their designs.  

• If all groups/students are happy with their final products, ask them what kind of 

different features might be added to their current designs.  

• If there is time, let students try their new ideas for improving their design and/or create 

different marks as an extension activity.  

 Share:  

• Throughout the process, encourage students to openly share their ideas with their group 

members and other groups. Students should be able to give and receive feedback from 

each other and their teachers any time they need to.   

• After all students/group finalize their designs, give them time to present their products 

to each other and share their experiences.  

APPENDICES 

Student worksheet.  

TIME NEEDED TO PRINT 

Time to print the stamp model will be different for each different design. Please check the 

approximate print duration in Cura. 

Approximate printing duration for an average sized stamp project may vary from one hour (light 

density) to 4 hours (light density) 

3D PRINTED SAMPLES 
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3.4.2 Stamp – Student Task Sheet 

 

PROJECT TASK 

People use stamps impress a pattern or mark on papers. In this project, you design a stamp mark and 

a stamp handle. You will be guided to develop a sample, but your task is to create your own design 

of a handle and a mark.  

A challenge in this task is the actual 3D printing process. 3D printers cannot just extrude filament to 

air to stand hanging there. How would you overcome the printing challenge? 

 

   
 

Figure 1. Various stamp handle designs. 

 

  
 

Figure 2. Sample stamp marks. 

 

 

 

 

EXTENSION 

Using the revolve tool and other features of the FreeCAD, design a free project (e.g. vase, glass, etc.). 
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3.4.3 Stamp – Tutorial 

Guide for Creating a Stamp Handle the Using Revolve Tool 

Please note that this tutorial is for creating stamp handle only and does not include a guide for the 

stamp mark.  

STEP 1. In FreeCAD chose “Create a new Empty Document“ – “Part Design” – “Create a New 

Sketch” – “XZ-Plane” and click OK. Please note that this time we will not use the XY plane, but the 

XZ plane. Try to imagine the plane we will work. How do you think the 3D model will be located? 

STEP 2. Start with constructing the following lines. The constraints are:  

 Lines are coinciding with the z and x axes.  

 End points of the lines coincide.  

 Vertical line is 60 mm. 

 Horizontal line is 20 mm. 

 

STEP 3. Using the Arc button ( ) chose “centre and end points” tool. Create an arc whose centre 

point is on the vertical line and one end is on the end point of the line. Chose the radius constrains to 

be 11 mm. We will keep arc’s length free. Constraints are:  

 Arc’s centre coincides with the vertical line.  

 Arc’s starting point coincides with the end point of the line 

 Radius of the arc is 11 mm.  
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STEP 4. Draw a line whose endpoint coincides with the endpoint of the arc. Then first select arc and 

the line segment you just created, then using the tangent constraint ( ) make them tangent. This 

make the figure smooth, instead of a broken line.  

  

Create a line Make the line and the arc tangent 

 

STEP 5. Using the Arc button ( ) this time chose “end points and rim points” tool. Create an arc 

whose one end point coincides with the previous line the other point is free (create somewhat similar 

to the figure). Make this arc tangent to the previous line to avoid a broken figure.  

  

Create an arc using “end points and rim points” Make arc tangent to the line.  
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STEP 6. Create a line segment on the lower right end. The constraints are:  

 The line is vertical 

 One end of the line coincides with the endpoint of the horizontal line.  

 

 

STEP 7. Using the Arc button ( ) chose “end points and rim points” tool. Create an arc whose 

one end point coincides with the previous line the other point coincides with the end point of the 

previous arc (see figure). Then make the arc tangent to the previous arc and the line.  

  

Create the final arc Make the arc tangent to the  

line segment and the other arc.  

 

STEP 8. Play with the figure and make the shape of your preference.   

STEP 9. Close the sketch.  
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STEP 10. Select your sketch and chose “Revolve” tool. Then click “OK” on the next screen. You 

will have your stamp handle.  

 

 

 

STEP 11. Export the STL File.  

STEP 12. Using Cura software, make your model ready for 3D printer.  
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3.5 Project 5: Tangram 

3.5.1 Tangram – Teacher Guide 

 

Tangram 

SHORT DESCRIPTION 

Ask students to create a tangram puzzle using FreeCAD and 3D printers. While creating the 

tangram puzzle, the students will be working on FreeCAD using their existing knowledge of 

commands and features. The student worksheet will inform students about the dimensions and 

geometric properties of the tangram pieces. This project does not include a step-by-step guide 

for designing and printing the pieces.  

RATIONALE 

This is the fifth activity that aims to improve students’ ability to use FreeCAD software as well 

as the 3D printers. With this activity, the students will not learn any additional commands and 

features of the software. For that reason, they will not be provided a step-by-step guide either. 

This will be kind of a review of what they have learned about 3D design and print so far. In 

addition, with this activity, the students will have their own tangram sets which can be used to 

create various shapes given in silhouettes only.  

STUDENT BACKGROUND 

 Students need to have basic computer skills.  

 Students need to know the basics of “Part Design” workbench of the FreeCAD 

software.  

 Students need to know how to use Cura software for 3d printing. 

OBJECTIVES 

After this project, students will be able to  

 Use basic commands in “Part Design” workbench of FreeCAD. 

 Apply the constraint tools in FreeCAD. 

 Use “padding” feature of the FreeCAD. 

 Study tangram puzzle.  

 Use geometrical properties of tangram set to create each of the puzzle pieces.  

STEAM CONCEPTS  

Technology and Mathematics  

PROCEDURE 

1. Understand the challenge:  

• Inform students that they will design the pieces of a tangram puzzle using the 

FreeCAD software and 3D printers. 
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• Ask students what they know about the tangram puzzles. Then, distribute the 

worksheets to the students and instruct them to study the worksheet carefully. For more 

examples, guide them to make a quick search about tangram puzzles.  

 

2. Brainstorm:  

• Let students think about how to create the puzzle set and discuss possible challenges.  

• Instruct students to make required calculations for each piece following the instructions 

given in the student worksheet. In this phase do not provide the answers immediately. 

First, let students think about geometry of tangram and come up with dimensions by 

themselves. If they get stucked, ask them probing questions or give them hints if 

necessary.  

• Observe your students while they are making prior calculations for the designing and 

printing process.  

3. Sketch:  

• Ask students to prepare sketches for tangram puzzle pieces using the exact lengths.  

• The students may prepare a sketch of their stamp design using FreeCAD software or 

they can make drawings on paper first, then move to FreeCAD.  

• While they are preparing their sketches, remind them the importance of the object 

scaling for printing duration. In this activity, lengths are pre-determined but students 

may change them if they want to.  

4. Build & Test: 

• When sketching is over and the students finish modeling their designs, make sure that 

they save it. Then, ask them to create an STL file. Use Cura to finalize the STL file for 

printing. Remind students the importance of adjusting the printing settings and 

encourage them to think about how they can minimize the duration and material while 

printing. 

• Emphasize the importance of monitoring the printing process in case printing error 

occurs. 

• Remind students that if any printing error occurs, they need to cancel the process and 

restart.  

5. Evaluate: 

• Ask students whether they get the tangram puzzle pieces they planned or not. If not, 

ask them what may be the reason behind the difference(s) between their plans and final 

products.  Discuss what they would change if they do it again. 

• Encourage the students to also evaluate their performance as a group.  

6. Improve & Redesign:  

• Guide all groups/students to discuss how to improve their designs.  

• If all groups/students are happy with their final products, ask them what kind of 

different features might be added to their current designs.  

• If there is time, let students try their new ideas and/or prepare a square frame for their 

tangram set as an extension activity. 
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 Share:  

• Throughout the process, encourage students to openly share their ideas with their group 

members and other groups. Students should be able to give and receive feedback from 

each other and their teachers any time they need to.  

APPENDICES 

Student worksheet and teacher guide.  

TIME NEEDED TO PRINT 

Time to print the tangram pieces will be different for different dimensions. Please check the 

approximate print duration in Cura. 

 

Two large triangles with 4 mm thickness: 2 hrs each (light density) 

One mid-sized triangle with 4 mm thickness: 1 hour (light density) 

Two small triangles with 4 mm thickness: 30 min each (light density) 

One square with 4 mm thickness: 1 hour (light density) 

One parallelogram with 4 mm thickness: 1 hour (light density) 

 

3D PRINTED SAMPLES 
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3.5.2 Tangram – Student Task Sheet 

 

PROJECT TASK 

In this project, you will make a Tangram puzzle in 3D printer. Study the dimensions of the tangram 

pieces given in Figure 1, use 3D modelling software (FreeCAD) to construct pieces. You are free to 

select any dimension for your tangram puzzle set. Selecting longer side (hypothenus) of the large 

triangle as 10 cm can be a good choice.  

About Tangram 

Tangram is an old puzzle that originated from China. A tangram puzzle is formed of 7 pieces, also 

called tans, cut from one large square. The pieces are two large triangles, one medium-sized triangle, 

two small triangles, one square, and one parallelogram. The objective of the game is to rearrange 

pieces into various shapes given in silhouettes only. While solving a tangram puzzle the rules are; all 

tangram pieces must be used, they must lay flat, all must touch and none may overlap.  

Figure 1. Tangram pieces cut from a square  

 

  

A sample tangram puzzle Solution of the puzzle 

 

EXTENSION 

Prepare a square frame for your tangram set.  

  



MAKEITREAL Project    Erasmus+ KA2 2016-1-PL01-KA201-026492 

79 

GUIDE AND HINTS FOR CREATING A TANGRAM SET 

In this project, you will not need step-by-step guide to FreeCAD. But we will provide some hints for 

the dimensions of each tangram piece.  

 

Large Triangle (2 pieces):  

 

Medium Sized Triangle (1 piece) 

Now construct medium-sized triangle. We know that area of the medium-sized triangle is equal 

to the half of the area of the large triangle. 

 

What should be the length of the equal sides? 

What should be the length of the larger side (hypotenuse)? 

Hint for FreeCAD: You can create this triangle by using the constraints of 2 equal sides and 

45 angle indicated above.  

1
0

0
 m

m
 

Two sides are equal 

The angle is 45 

The angle is 45 

Two sides are equal 
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Small triangle (2 pieces):  

 

We know that area of the small triangle is equal to the half of the area of medium-sized 

triangle. 

 

What should be the length of the equal sides? 

What should be the length of the larger side (hypotenuse)? 

Hint for FreeCAD: The constraints for hypotenuse and 45 angle is sufficient for creating 

this triangle.  

 

Square (1 piece):  

In the FreeCAD, you need to use rectangle tool and set two consecutive sides as equal. We know 

that the side length of the square is equal to:  the side length of the right side of small-sized 

triangle.  

Another way to create the square can be to use the diagonal length. Check the Figure 1. What is 

the length of the diagonal of this square? Can you create this square if you only know its diagonal 

length?  

 

Parallelogram (1 piece):  

In the FreeCAD, you need to;  

 Set two pairs of opposite sides as parallel.  

 Set one of the angles to be 45 

Two sides are equal 

The angle is 45 
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We know that the length of the long side of the parallelogram is equal to the length of 

the hypotenuse of the short triangle. The length of the short side of the parallelogram is 

equal to the length of the half of the hypotenuse of the medium-sized triangle 

 

 

 

What should be the length of the long side of the parallelogram? 

What should be the length of the short side of the parallelogram? 
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3.5.3 Tangram – Answers to Student Questions 

 

APPENDIX: GUIDE FOR CREATING A TANGRAM SET (ANSWERS) 

In this project, you will not need step-by-step guide to FreeCAD. However, we will provide some 

hints for the dimensions of each tangram piece.  

Large Triangle (2 pieces):  

 

 

Medium Sized Triangle (1 piece) 

 

 

1
0
0
 m

m
 

Two sides are equal 

The angle is 45 

50 mm 

The angle is 45 

Two sides are equal 



MAKEITREAL Project    Erasmus+ KA2 2016-1-PL01-KA201-026492 

83 

Small triangle (2 pieces):  

 

 

Square (1 piece):  

In the FreeCAD, you need to;  

 use rectangle tool, 

 set two consecutive sides as equal,  

 set the distance between two opposite corners (diagonal corners) to be 50mm.  

 

Dimensions of the parallelogram:  

In the FreeCAD, you need to;  

 Set two pairs of opposite sides as parallel.  

 Set longer side to be 50 mm 

 Set one of the angles to be 45 

 

 

 

  

5
0

 m
m

 

Two sides are equal 

The angle is 45 
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3.6 Project 6: Penholder 

3.6.1 Penholder – Teacher Guide 

 

Penholder 

SHORT DESCRIPTION 

In this activity, the students will design a penholder using FreeCAD and 3D printers. While 

creating the penholder, the students will be learning about primitive and Boolean features of 

FreeCAD.  The student worksheet will guide students to learn about these features by creating a 

sample penholder; however, their main task is to create their own different design. There is not a 

step-by-step guide for designing and printing the pen holder.  

RATIONALE 

This is the sixth activity that aims to improve students’ ability to use FreeCAD software as well 

as the 3D printers. With this activity, the students will learn additional commands and features 

(primitives and Booleans) of the FreeCAD software.  Students will design and print a complex 

3D object on their own, without a step-by-step guide. Students may use any other 

command/feature of the software that is required to create the design on their minds.   

STUDENT BACKGROUND 

 Students need to have basic computer skills.  

 Students need to know the carious commands and features of the FreeCAD software 

(e.g. constraints, revolve, arc, padding etc.).  

 Students need to know how to use Cura software for 3D printing. 

OBJECTIVES 

After this project, students will be able to  

 Use basic commands in “Part” workbench of FreeCAD. 

 Create primitives in Part workbench.  

 Perform Boolean operations in FreeCAD.  

 Use loft tool in FreeCAD. 

 Apply thickness to surfaces in FreeCAD. 

STEAM CONCEPTS  

Technology, Art and Mathematics  

PROCEDURE 

1. Understand the challenge:  

• Inform students that they will design a pen holder using the FreeCAD software and 3D 

printers.  
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• Distribute the worksheets to the students. Ask students to carefully investigate the 

worksheets and inform that this is just a sample penholder design. They need to design 

a different penholder of their own choice.  

• Instruct students to follow the instructions given in the worksheet. It will be a good 

training for them to learn about new commands and features before making their own 

design.  

2. Brainstorm:  

• Let students discuss their design ideas and make a qucik search about different designs 

of pen holders created by professionals.  

• Guide students to discuss their ideas for their design. Remind them that there are 

important limitations to consider about 3d printers. It is important to choose a design 

that (1) is artistic and nice-looking; (2) can be easily designed using FreeCAD; and (3) 

can be printed using a 3d printer.  

• Observe your students while they are making plans for the designing and printing 

process.  

3. Sketch:  

• Ask students to prepare a sketch of their pen holder design to make the final design 

clear on each member’s mind. Instruct them to determine dimensions of their pen 

holder design.  

• The students may prepare a sketch of their stamp design using FreeCAD software or 

they can make drawings on paper first, then move to FreeCAD.  

• While they are preparing their sketches, remind them the importance of the object 

scaling for printing duration.  

4. Build & Test: 

• When sketching is over and the students finish modeling their designs, make sure that 

they save it. Then, ask them to create an STL file. Use Cura to finalize the STL file for 

printing. Remind students the importance of adjusting the printing settings and 

encourage them to think about how they can minimize the duration and material while 

printing. 

• Emphasize the importance of monitoring the printing process in case printing error 

occurs. 

• Remind students that if any printing error occurs, they need to cancel the process and 

restart.  

5. Evaluate: 

• Ask students whether they get the pen holder they planned or not. If not, ask them what 

may be the reason behind the difference(s) between their plans and final products.  

Discuss what they would change if they do it again. 

• Discuss the problems they faced while designing and printing their pen holder designs.  

• Encourage the students to also evaluate their performance as a group.  

6. Improve & Redesign:  

• Guide all groups/students to discuss how to improve their designs.  

• If all groups/students are happy with their final products, ask them what kind of 

different features might be added to their current designs.  
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• If there is time, let students try their new ideas and/or design other useful tools for their 

desktops. 

 Share:  

• Throughout the process, encourage students to openly share their ideas with their group 

members and other groups. Students should be able to give and receive feedback from 

each other and their teachers any time they need to.  

APPENDICES 

Student worksheet.  

TIME NEEDED TO PRINT 

Time to print the penholder will be different for different designs and dimensions. Please check 

the approximate print duration in Cura. 

3D PRINTED SAMPLES 
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3.6.2 Penholder – Student Task Sheet 

 

PROJECT TASK 

 

There are various types of penholders (e.g. Figure 1). When you search for it, you will see many 

nice-looking designs created by professionals. In this project, you will create your own design of a 

penholder to be used on your desk. You will be free to design any shape.  

As part of this project, you will be guided to develop a sample penholder, using the features of 

FreeCAD so called “Primitives” and “Booleans”. However, the main task of this project is to design 

and create a different penholder and you are free to use any other feature of the software.  

 

 

 

Figure 1. Penholder designs from KREISDESIGN by Nikki Kreis (kreisdesign.com) 

 

 

 

 

 

 

EXTENSION 

Design other useful tools for your desktop.  
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3.6.3 Penholder – Tutorial 

 

Creating Penholder Using Primitives and Booleans 

STEP 1. In FreeCAD chose “Create a new Empty Document“ – “Part” – “Create a New Sketch”.  

STEP 2. From the ‘primitives’ section of toolbar, chose “creation of parametrized geometric 

primitives”  

 

 

STEP 3. From the drop-down menu that will appear on the left hand side, chose “Prism”.  
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STEP 4. From the Prism menu set Polygon as 6, Circumradius as 40 mm, Height as 100 mm, and 

click “Create”. Then, you will obtain the hexagonal prism on the right hand side.  

 
 

STEP 5. Now our intention is to create a cylindrical hole in this prism. For that purpose, we will first 

create a prism using “cylinder” tool in the primitives toolbar.  

 

STEP 6. Set cylinder radius as 30 mm and height as 100 mm. Do not change the angle.  

 



MAKEITREAL Project    Erasmus+ KA2 2016-1-PL01-KA201-026492 

90 

STEP 7. Now, we will reposition of the cylinder, so that it will be 10 mm above the XY plane. To 

do that, first select the cylinder, and then click on the “placement” row on the left hand side. Then 

click on the little icon with three dot on it. Proceed to the next step for repositioning the cylinder.  

 

STEP 8. In the placement menu on the left hand side, set Z value to be 10 mm. This will make the 

cylinder to move 10 mm along the positive direction of the Z-axis. Then click OK.  

 

1 

2 3 
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STEP 8. Now we need to subtract the cylinder from the hexagonal prism. This operation can be done 

by “Booleans” in FreeCAD. First select the Prism, while hitting the CTRL key on the keyboard 

select the Cylinder (selection order is important). Then select the “Cut” tool from the toolbar.  

 

You will obtain the following figure:  

 

 

1 

2 

3 



MAKEITREAL Project    Erasmus+ KA2 2016-1-PL01-KA201-026492 

92 

STEP 8. Optionally, we can smoothen the edges of our penholder. For this, first select all of the 

edges. Multiple selection is possible if you use CTRL key on the keyboard.   

 

While the edges are selected click on the “Fillet” on the toolbar.  

 

Then click OK on the next menu.  
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Now we have the following final form of the shape.  
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CREATING PENHOLDER USING “LOFT” TOOL 

STEP 1. In FreeCAD chose “Create a new Empty Document“ – “Part Design” – “Create a New 

Sketch” – “XY-Plane” and click OK. 

STEP 2. Draw a hexagon. Make the centre of the hexagon coincide with the origin. Set it’s radius as 

30 mm and make one of the sides horizontal using the “Horizontal” constraint ( ).  

 

 

STEP 3. Close the sketch.  Then on the combo view, create another sketch on the XY-Plane. But 

this time set the “Offset” as 70 mm. This means that the shape that we will draw will be 70 mm above 

the XY plane. Click OK.  

 

Set this side 

horizontal 

Set radius to 

30 mm 
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STEP 4. Similar to step 2, draw another hexagon whose centre again coincides with the origin. 

Similarly, set it’s radius as 30 mm. This time rotate the hexagon a little bit and make one of the sides 

vertical using the “vertical” constraint ( ).  

 

 

STEP 5. Close the sketch.  View the shape from a different direction by hitting 0 on the keyboard. 

 

 

Set this side 

vertical 

Set radius to 

30 mm 
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STEP 6. Select “Part” workbench. Chose the “Loft” tool on the toolbar ( ). Move the “Sketch” 

and “Sketch001” to the right hand side. Check the “Create a solid” option and click OK.   

 

 

STEP 7. Now you have a new solid. Select the upper surface of your solid. While it is selected, click 

on the “Thickness” tool ( ). Apply 3 mm thickness as shown in the figure.  
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3.7 Project 7: Design a Boat 

3.7.1 Design a Boat – Teacher Guide 

 

Design a Boat 

 

SHORT DESCRIPTION 

Challenge students to create a boat that can carry the most pennies without sinking. The boat 

can have any shape, but the dimensions of the boats cannot exceed 12126 cm.  

RATIONALE 

This is a classic STEM activity usually done with aluminium foil, clay, wooden sticks etc. In 

this activity, students should use their knowledge and skills from all STEM concepts while 

constructing their boat. Moreover, they need to know how to design and print their boat using 

FreeCAD software and 3D printers.  

STUDENT BACKGROUND 

Students need to know Archimedes’ principle, buoyancy force, water displacement, density, and 

how to use FreeCAD and 3D printers.  

OBJECTIVES 

After this project, students will be able to  

 Explore Archimedes’ principle, buoyancy force, water displacement and their 

applications in real life (Science) 

 Use FreeCAD and 3D printers to design and print a boat (Technology) 

 Design and construct a boat that can carry the most weight possible (Engineering) 

 Consider visual factors to decorate their boat (Art) 

 Make necessary calculations and find an optimum geometrical shape to increase boat’s 

carrying capacity (Math).  

STEM CONCEPTS  

Science, Technology, Engineering, Mathematics and Art 

PROCEDURE 

1. Understand the challenge:  

• Before introducing the task to the students, ask them what makes something float or 

sink in the water? Ask them what they know about Archimedes principle, buoyancy 

force and density. Finally ask them whether a penny will sink or float in the water. 

Then ask them how they can carry pennies on the water. 

• After making an introduction, distribute the worksheets to the students and pose the 

following project task to the students.  
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“Design a boat that can carry the most pennies without sinking in the water. Your 

boat’s dimensions cannot exceed 12126 cm. Within this limitation, you can design 

your boat in any shape you like. Your aim is to carry the most pennies on the water. 

How can you increase a boat’s carrying capacity? “ 

2. Brainstorm:  

• Have students work in teams of 2 or 3 and instruct them that they cannot use any 

additional materials 

• Encourage students to discuss how shape of the boat can affect its carrying capacity, 

how weight of the boat affects its carrying capacity etc. 

• Guide students to discuss their ideas for their design considering the limitations of 3d 

printers. It is important to choose a design that (1) is artistic and nice-looking; (2) can 

be easily designed using FreeCAD; and (3) can be printed using a 3d printer. 

• Observe your students while they are making plans for the designing and printing 

process.  

3. Sketch:  

• Ask students to first make drawings on a grid paper to make the final design clear on 

each member’s mind and specify the dimensions of their boat. 

• After they finalize the initial sketching on paper, let them prepare their sketch using 

FreeCAD. 

• While they are preparing their sketches, remind them the importance of the object 

scaling for printing duration.  

4. Build & Test: 

• When sketching is over and the students finish modeling their designs, make sure that 

they save it. Then, ask them to create an STL file. Use Cura to finalize the STL file for 

printing. Remind students the importance of adjusting the printing settings and 

encourage them to think about how they can minimize the duration and material while 

printing. 

• Emphasize the importance of monitoring the printing process in case printing error 

occurs. Remind students that if any printing error occurs, they need to cancel the 

process and restart.  

• When printing is over, have students predict how many pennies can be carried by each 

boat before testing them. Make groups explain their reasons and justifications for their 

design.  

• After making predictions and discussions let groups test their boats.  

5. Evaluate: 

• Ask students whether their results matched their predictions or not.  If not, ask them 

what may be the reason behind the difference(s).  Discuss what they would change if 

they do it again. 

• Show the designs that carried the most and the least pennies to all students and discuss 

what made the designed boats carry more/less pennies. 

• Discuss the problems they faced while designing and printing their boat designs.  

• Encourage the students to also evaluate their performance as a group.  
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6. Improve & Redesign:  

• Guide all groups/students to discuss how to improve their designs to carry more 

pennies.  

• If there is time, students can be given a second chance to make necessary changes and 

print their boat again. 

 Share:  

• Throughout the process, encourage students to openly share their ideas with their group 

members and other groups. Students should be able to give and receive feedback from 

each other and their teachers any time they need to.  

• After all students/group finalize their designs, give them time to present their products 

to each other and share their experiences.  

EXTENTION 

Try to increase the carrying capacity of your boat. What changes are necessary? Students can 

be given a second chance to make necessary changes and print their boat again.  

APPENDICES 

Grid papers for students to make their drawings.  

 

EXAMPLE 3D PRINTED BOATS 

 

Photo retrieved from: http://www.thingiverse.com/thing:1085703 

 

  

http://www.thingiverse.com/thing:1085703
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3.7.2 Design a Boat – Student Task Sheet 

 

 

PROJECT TASK 

Create a boat that can carry the most pennies without sinking. The boat can have any shape, but its 

dimensions cannot exceed 12126 cm. Within this limitation, you can design your boat in any shape 

you like. 

 

Your aim is to carry the most pennies on the water. How can you increase a boat’s carrying capacity? 

 

 

 

 

 

 

 

 

 

EXTENSION 

Compare your design with others. Discuss the features of the boat that make it carry more mass.   
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3.8 Project 8: Monument 

3.8.1 Monument – Teacher Guide 

 

Modelling a Building or a Monument 

SHORT DESCRIPTION 

Challenge students to model a local building or a monument of their choice and 3D print it. 

Students will search for interesting buildings in their town, select one of them and find visual 

materials about this building. If necessary, they may visit the site and get photographs from 

different angles, so that they can later create a 3D model of it.  

RATIONALE 

This activity aims to help students excel their ability to use FreeCAD software as well as 3D 

printers. Creating a model building is a lot of hard work. Before starting to actually designing it 

on FreeCAD, students need to collect lots of visuals and information about the building. After 

they gather the information, they need to work on every detail on FreeCAD. Engineering and 

design components are very important in this project. Students will design and print a complex 

3D building/monument on their own, without a step-by-step guide. Students may use any 

command/feature of the software that is required to create the design on their minds.   

STUDENT BACKGROUND 

 Students need to have basic computer skills.  

 Students need to know the various commands and features of the FreeCAD software 

(e.g. constraints, revolve, arc, padding etc.).  

 Students need to know how to use Cura software for 3d printing. 

OBJECTIVES 

After this project, students will be able to  

 Use FreeCAD and 3D printers to design and print miniature of a local building or 

monument. 

STEM CONCEPTS  

Technology, Engineering, Mathematics and Art 

PROCEDURE 

1. Understand the challenge:  

• Before introducing the task to the students, talk a little about the interesting buildings 

and monuments in their town.  

• After making an introduction, distribute the worksheets to the students and pose the 

following project task to the students.  

“In this project your task is to model a local building or a monument of your choice 

and 3D print it. Search for interesting buildings in your town. Select one of them. Find 

visual materials about this building. If necessary, visit the site and get photographs 

from different angles, so that you can later create a 3D model of it.“ 
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2. Brainstorm:  

• Have students work in teams of 2 or 3 and instruct them that they cannot use any 

additional materials. 

• Let them search the internet for visuals of the buildings they are planning to design.  

• After searching for options, instruct them to choose one building/monument together 

and discuss their ideas for their design considering the limitations of 3d printers. It is 

important to choose a design that (1) is artistic and nice-looking; (2) can be easily 

designed using FreeCAD; and (3) can be printed using a 3d printer. 

• Observe your students while they are making plans for the designing and printing 

process.  

3. Sketch:  

• Ask students to first make drawings on a grid paper to make the final design clear on 

each member’s mind and specify the dimensions. 

• In this project, drawing on paper first is important. They should work on how to rescale 

the object to create a miniature and identify all dimensions of all details beforehand.  

• After they finalize the initial sketching on paper, let them prepare their sketch using 

FreeCAD. 

• While they are preparing their sketches, remind them the importance of the object 

scaling for printing duration.  

4. Build & Test: 

• When sketching is over and the students finish modeling their designs, make sure that 

they save it. Then, ask them to create an STL file. Use Cura to finalize the STL file for 

printing. Remind students the importance of adjusting the printing settings and 

encourage them to think about how they can minimize the duration and material while 

printing. 

• Emphasize the importance of monitoring the printing process in case printing error 

occurs. Remind students that if any printing error occurs, they need to cancel the 

process and restart.  

5. Evaluate: 

• Ask students whether they get the object they planned or not. If not, ask them what 

may be the reason behind the difference(s) between their plans and final products.  

Discuss what they would change if they do it again. 

• Discuss the problems they faced while designing and printing their miniature 

building/monument designs.  

• Encourage the students to also evaluate their performance as a group.  

6. Improve & Redesign:  

• Guide all groups/students to discuss how to improve their designs.  

• If all groups/students are happy with their final products, ask them what kind of 

different features might be added to their current designs.  

• If there is time, let students try their new ideas for improving their design and/or create 

the surroundings of their building. 
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 Share:  

• Throughout the process, encourage students to openly share their ideas with their group 

members and other groups. Students should be able to give and receive feedback from 

each other and their teachers any time they need to.  

• After all students/group finalize their designs, give them time to present their products 

to each other and share their experiences.  

APPENDICES 

Grid papers and student worksheet.  

TIME NEEDED TO PRINT 

Time to print the monument will be different for different designs and dimensions. Please check 

the approximate print duration in Cura. 

3D PRINTED SAMPLE 

 

Image from makexyz.com 
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3.8.2 Monument – Student Task Sheet 

PROJECT TASK 

In this project, your task is to model a local building or a monument of your choice and 3D print it. 

Search for interesting buildings in your town. Select one of them. Find visual materials about this 

building. If necessary, visit the site and get photographs from different angles, so that you can later 

create a 3D model of it.  

Think about how much detail you can create in FreeCAD. You may omit some details of the building, 

but omitting too much detail will result in your model to be vague.  Think also about scaling. How 

can you scale down the building for 3D printing so that you keep the same ratio for different parts of 

it? 

Some monuments in different cities.  

  

Royal Castle, Warsaw, Poland 

(Wikipedia) 

The Theseum, Athens, Greece 

(Tommi Nikkilä, britannica.com) 

 

 

Atatürk’s Mosoleum, Ankara, Turkey 

(Wikipedia) 

Important note: Please note that selecting too complex buildings will make your task harder. The 

buildings given in the pictures above may be difficult to prepare. In this case, try finding a simple 

building in your town.  

 

EXTENSION 

Try creating the surroundings of your building.  
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3.9 Project 9: Railway Track 

3.9.1 Railway Track – Teacher Guide 

 

Railway Track 

 

SHORT DESCRIPTION 

Challenge students to build a small-scale railway track that will guide a toy locomotive or a car 

to run on it and 3D print it. Students will gather information about railway tracks and the main 

principles to create an effective one.  

RATIONALE 

This activity aims to help students excel their ability to use FreeCAD software as well as 3D 

printers. Creating a railway track is a complex process where the students need to think about 

the engineering aspect, use their mathematical knowledge and know scientific principles about 

force and motion. Students will complete this task without a step-by-step guide. Students may 

use any command/feature of the software that is required to create the design on their minds.   

STUDENT BACKGROUND 

 Students need to have basic computer skills.  

 Students need to know the various commands and features of the FreeCAD software 

(e.g. constraints, revolve, arc, padding etc.).  

 Students need to know how to use Cura software for 3d printing. 

 Students need to have basic mathematical and science knowledge to understand the 

track geometry and construction.  

OBJECTIVES 

After this project, students will be able to  

 Use FreeCAD and 3D printers to design and print a small-scale railway track. 

STEM CONCEPTS  

Science, Technology, Engineering, and Mathematics 

PROCEDURE 

In this project some buildings may be too difficult to prepare in a limited time. Selecting too 

complex buildings will make their task harder. The buildings given in the pictures in the “Student 

Task Sheet” may be difficult to prepare. In this case, try finding a simple building in your town. 

In selecting a monument, please consider the skill levels of your students. 

1. Understand the challenge:  

• Before introducing the task to the students, ask them what a railway engineer does and 

why we need engineers that are specialized in railway construction.  
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• After making an introduction, distribute the worksheets to the students and pose the 

following project task to the students.  

“In this project your task is to build a small-scale railway track that will guide a toy 

locomotive or a car to run on it. The track needs to be a loop that may include turns, 

curves, bridges, or junctions. Analyse the dimensions and distance between the wheels 

of the toy car to create a suitable railway track for it. You are not expected to copy an 

existing design, but come up with your own shape.” 

2. Brainstorm:  

• Have students work in teams of 2 or 3 and instruct them that they cannot use any 

additional materials besides the car/locomotive to test their track. 

• Let them search the internet for information about railway engineering and 

construction. Gice them time to discuss the information they found. 

• Encourage students to think about the track geometry. How should you design the 

turns? What should be the geometry of a junction? How should a turn be shaped so that 

we can obtain a loop? How sharp should the turns be in order to allow the wheels to 

operate easily? 

• Observe your students while they are making plans for the designing and printing 

process.  

3. Sketch:  

• Ask students to first make drawings on a grid paper to make the final design clear on 

each member’s mind and specify the dimensions. 

• After they finalize the initial sketching on paper, let them prepare their sketch using 

FreeCAD. 

• While they are preparing their sketches, remind them the importance of the object 

scaling for printing duration.  

4. Build & Test: 

• When sketching is over and the students finish modeling their designs, make sure that 

they save it. Then, ask them to create an STL file. Use Cura to finalize the STL file for 

printing. Remind students the importance of adjusting the printing settings and 

encourage them to think about how they can minimize the duration and material while 

printing. 

• Emphasize the importance of monitoring the printing process in case printing error 

occurs. Remind students that if any printing error occurs, they need to cancel the 

process and restart.  

• When printing is over, let students try their tracks with the car/locomotive and see if 

their tracks provide a smooth drive for the car/locomotive. 

5. Evaluate: 

• Ask students whether they get the suitable railway track they planned or not. If not, ask 

them what may be the reason behind the problems.  Discuss what they would change if 

they do it again. 

• Discuss the problems they faced while designing and printing the railway track. 

• Encourage the students to also evaluate their performance as a group.  

6. Improve & Redesign:  
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• Guide all groups/students to discuss how to improve their designs.  

• If all groups/students are happy with their final railway tracks, ask them what kind of 

different features might be added to their current designs.  

• If there is time, let students try their new ideas for improving their design and/or to 

design ramps for their track so that it will function similar to a roller coaster.    

 Share:  

• Throughout the process, encourage students to openly share their ideas with their group 

members and other groups. Students should be able to give and receive feedback from 

each other and their teachers any time they need to.  

• After all students/group finalize their designs, give them time to present their products 

to each other and share their experiences.  

APPENDICES 

Grid papers and student worksheet.  

TIME NEEDED TO PRINT 

Time to print the track will be different for different designs and dimensions. Please check the 

approximate print duration in Cura. 
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3.9.2 Railway Track – Student Task Sheet 

PROJECT TASK 

Railways connect cities for transporting passengers or industrial goods. Railway transportation can 

carry large number of people or cargo. For this reason, they are considered as energy efficient. 

However, railway is less flexible than road transport, since in railway vehicles are running on rails 

or a track that guide the wheels. 

In this project your task is to build a small-scale railway track that will guide a toy locomotive or a 

car to run on it. The track needs to be a loop that may include turns, curves, bridges, or junctions. 

Analyse the dimensions and distance between the wheels of the toy car to create a suitable railway 

track for it. You are not expected to copy an existing design, but come up with your own shape.  

Think about the track geometry. How should you design the turns? What should be the geometry of 

a junction? How should a turn be shaped so that we can obtain a loop? How sharp should the turns 

be in order to allow the wheels to operate easily?  

In this project, you will face many such challenges. Develop ideas about such issues and discuss 

them with your friends. It is normal to make mistakes in your designs, in such a case go back and re-

design your material.  

 

 

Picture from KidKraft Train Set (www.kidkraft.com) 

 

 

 

 

 

 

 

 

EXTENSION 

Design ramps for your track so that it will function similar to a roller coaster.    
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3.10 Project 10: Free Project 

3.10.1 Free Project – Teacher Guide 

 

Free Project 

 

SHORT DESCRIPTION 

This is a free project for which the students are asked to determine their own task. They will 

decide what they want to do, and then, design and build it on their own.  

RATIONALE 

This is the last activity of the Make It Real curriculum. There is no pre-determined task for 

students. This activity aims to make students use all of their knowledge of FreeCASD and 3d 

printers to achieve their own goal. There are no restrictions. Students will create and complete 

this task without a step-by-step guide. Students may use any command/feature of the software 

that is required to create the design on their minds.   

STUDENT BACKGROUND 

 Students need to have basic computer skills.  

 Students need to know the various commands and features of the FreeCAD software 

(e.g. constraints, revolve, arc, padding etc.).  

 Students need to know how to use Cura software for 3d printing. 

OBJECTIVES 

After this project, students will be able to  

 Use FreeCAD and 3D printers to design and print their own designs.  

STEM CONCEPTS  

Science, Technology, Engineering, Arts and Mathematics 

PROCEDURE 

1. Understand the challenge:  

• Introduce the project to the students by saying that they will be free to create any 

design they want.  

• The students may work in a group or individually to build a project that they would 

like to create.   

2. Brainstorm:  

• Give students time to think about a 3D printing idea.  

• Let them search the internet for inspiring 3D ideas. 

• Encourage students to discuss together, share their ideas and get feedback from each 

other.  
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3. Sketch:  

• Ask students to first make drawings on a grid paper to make the final design clear on 

their mind and specify the dimensions. 

• After they finalize the initial sketching on paper, let them prepare their sketch using 

FreeCAD. 

• While they are preparing their sketches, remind them the importance of the object 

scaling for printing duration.  

4. Build & Test: 

• When sketching is over and the students finish modelling their designs, make sure that 

they save it. Then, ask them to create an STL file. Use Cura to finalize the STL file for 

printing. Remind students the importance of adjusting the printing settings and 

encourage them to think about how they can minimize the duration and material while 

printing. 

• Emphasize the importance of monitoring the printing process in case printing error 

occurs. Remind students that if any printing error occurs, they need to cancel the 

process and restart.  

5. Evaluate: 

• Ask students whether they get they planned or not. If not, ask them what may be the 

reason behind the problems.  Discuss what they would change if they do it again. 

• Discuss the problems they faced while designing and printing. 

• Encourage the students to also evaluate their performance. 

6. Improve & Redesign:  

• Guide all groups/students to discuss how to improve their designs.  

• If all groups/students are happy with their final products, ask them what kind of 

different features might be added to their current designs.  

• If there is time, let students try their new ideas for improving their designs.  

 Share:  

• Throughout the process, encourage students to openly share their ideas with each other. 

Students should be able to give and receive feedback from each other and their teachers 

any time they need to.  

• After all students/group finalize their designs, give them time to present their products 

to each other and share their experiences.  

APPENDICES 

Grid papers and student worksheet.  

TIME NEEDED TO PRINT 

Time to print will be different for different designs and dimensions. Please check the approximate 

print duration in Cura. 
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3.10.2 Free Project – Student Task Sheet 

 

PROJECT TASK 

Your imagination is at work. Work in a group or individually to build a project that you would like 

to create. Follow the steps given below.  

 

Brainstorm: Think about a 3D printing idea. Share it with class. Get feedback from others.  

Sketch: First, draw your idea on a millimetre grid paper. Engineers always have a sketch before they 

start to build something. This will help you to consider details of your project.  

Build & Test: Create your final design on FreeCAD before printing. 

Evaluate & Improve: Are you happy with your design? Did you achieve your goal? If not, how can 

you make your design better? Learning from mistakes is part of design thinking. Improve your design 

and try it again.  

Share: Share your product with people.  
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3.11 Quick project ideas to consider for further study 

Passive speaker  

Design a stand for your mobile device that will also function as a natural speaker amplifier.  

Samples:  

http://makezine.com/projects/design-print-passive-speaker-phone/ 

https://www.thingiverse.com/gkdldnjsfn/collections/smartphone-speaker 

Periscope 

Design and print elbow fittings to turn a PVC or a paper tube into a periscope with the help of mirrors. 

Samples:  

http://www.instructables.com/id/How-to-Make-a-PVC-Periscope/ 

https://www.thingiverse.com/thing:1027744 

Kaleidoscope 

Students will design and print a kaleidoscope assembling 3D printed materials with a paper tube, 

three glass circles and three identical mirrors. 

Samples:  

http://www.3ders.org/articles/20150415-polish-designer-3d-prints-a-kaleidoscope-with-

changeable-contents.html 

Catapults  

Catapults were often used as weapons of war during the middle ages. Build 3D models of catapults. 

A number of questions can be addressed to students. How does the catapult put the object in motion? 

How does catapult design affect the propelling of objects? 

Sample:  

 

 

http://makezine.com/projects/design-print-passive-speaker-phone/
https://www.thingiverse.com/gkdldnjsfn/collections/smartphone-speaker
http://www.instructables.com/id/How-to-Make-a-PVC-Periscope/
https://www.thingiverse.com/thing:1027744
http://www.3ders.org/articles/20150415-polish-designer-3d-prints-a-kaleidoscope-with-changeable-contents.html
http://www.3ders.org/articles/20150415-polish-designer-3d-prints-a-kaleidoscope-with-changeable-contents.html
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Your own dissection puzzle 

Take a letter from the alphabet, or a simple geometric shape (an equilateral triangle or a square). 

Form a big shape and dissect it into pieces. Challenge your friends to form the shape from the smaller 

pieces.  Try to make your puzzle challenging? What makes it more challenging? 

Sample:  

https://www.youtube.com/watch?v=Kw8f9HeZ8TY  

 

Trick with solids 

 

Create the above shape (dimensions can vary depending on the printing size of available printer). 

There will be three holes as in the given shape. Think of a largest geometric solid that will fit in all 

three holes. Build it in the 3D Printer.  

Sample:  

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

3d molecule set 

Design and print out your own molecule set. You should be able to create at least 3 different molecule 

models using your printed atoms. You should consider the real atomic sizes too! 

Samples: 

https://www.youmagine.com/designs/molecule-construction-set 

Gears  

Design and print out a gear system (a) that increases speed 4 times; and (b) that increases force 6 

times. You should also design handles for your gears to be able to test your system.  

Samples:  

https://3dprint.com/125143/3d-printed-gears-pass-muster/ 

http://www.instructables.com/id/3D-models-of-gears-for-3D-printing/ 

 

https://www.youtube.com/watch?v=Kw8f9HeZ8TY
https://www.youtube.com/watch?v=whpPoaYdmzM
https://www.youmagine.com/designs/molecule-construction-set
https://3dprint.com/125143/3d-printed-gears-pass-muster/
http://www.instructables.com/id/3D-models-of-gears-for-3D-printing/


MAKEITREAL Project    Erasmus+ KA2 2016-1-PL01-KA201-026492 

114 

Tires 

Create two different tire designs; one for increasing the friction and one for lowering the friction. 

Then, test these tires on the same inclined plane.  

Samples:  

http://www.3ders.org/articles/20160119-snow-and-ice-are-no-match-for-these-3d-printed-

winter-tires-for-the-openrc-f1-race-car.html 

Spider model 

Examine a spider from photographs and make a 3D model of it.  

Sample: 

 

Abacus 

Design and print the parts of an abacus. The abacus can be a perfect gift for kids aged 4 to 7 years 

old. While working on the abacus project they explore the mathematical and scientific concepts 

underpinning the design (I.e. achieving parallelism, having a steady abacus and more). This project 

can be extended by Chinese Abacus (Suanpan), Japanese Abacus (soroban), Russian Abacus and 

more... 

Sample: 

 

Plant and floral simulations  

Create stylized plants and flowers by observing the real plant and using mathematics formulas to 

generate each leaf/petal. The models are not intended to be precise models of any given plant. Rather, 

they are a demonstration of how relatively simple rules can create models that can show some broad 

http://www.3ders.org/articles/20160119-snow-and-ice-are-no-match-for-these-3d-printed-winter-tires-for-the-openrc-f1-race-car.html
http://www.3ders.org/articles/20160119-snow-and-ice-are-no-match-for-these-3d-printed-winter-tires-for-the-openrc-f1-race-car.html
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principles of plant growth. The students will have the opportunity to get an insight into the problems 

plants (and gardeners) deal with every day.  

Sample:  

       

 

Labels for school 

Design and print some labels for your school (WC, Name of school, signs, etc.) 

Sample: 
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Chapter 4: 3D Printing Glossary 

The information provided here are compiled from several online resources. For a list of references, 

please see the end of this section.  

 

ABS 

Acrylonitrile Butadiene Styrene is a thermoplastic used as a 3D printer material.  

Being petroleum-based, ABS is non-biodegradable, but it can be recycled. ABS is very 

strong, is soluble in Acetone and can easily be post-processed. Its melting temperature lies 

around 210-230°C and due to its shrinkage properties the use of a heated print bed is 

recommended. 

ABS is not recommended for use in schools.  

 

Bed  

The surface of the 3D printer on which the 3D printed part is formed. Also known as ‘build 

platform’, ‘printbed’ or ‘build plate’ 

CAD 

Computer Aided Design, or CAD, refers to the use of 3D modelling software to aid the 

design testing and manufacture of parts. While CAD was initially developed for use in the 

architecture and manufacturing industries, consumer friendly applications are now readily 

available for little or no cost. 

Dual Extrusion 

The ability to print in two colours at once. The 3D printer with dual extrusion capabilities is 

equipped with two extruders, each feeding its own spool of plastic filament and depositing 

on the build plate. 
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Extrude 

The act of placing the build material on the build platform, normally by heating thermoplastic 

to a liquid state and pushing it through a small nozzle. 

Extruder 

A group of parts, which handles feeding and extruding of the build material. Consists of two 

assemblies: a cold end to pull and feed the thermoplastic from the spool, and a hot end that 

melts and extrudes the thermoplastic. 

 

FDM (Fused Deposition Modelling) 

An additive manufacturing process in which a spool of plastic filament is heated to a melting 

point and deposited, built from the bottom up one layer at a time until a 3D model is created. 

 

(Image by Zureks - https://commons.wikimedia.org/w/index.php?curid=5544055) 

Filament 

The plastic material that is melted and extruded to create the 3D printed object in the Fused 

Filament Fabrication method. 

G-code 

A widely used programming language used to tell computerized machine tools what to make 

and how to make it. G-code defines where the machine needs to move, how fast, and what 

path to follow. 

Heated Bed 

A print bed with an integrated heating mechanism. The print bed is heated up in order to 

prevent the base of a 3D printed part from cooling and shrinking too quickly. 

Hot End 

The heated nozzle portion of the extruder mechanism, which gets hot enough to melt plastic. 

Hot end parts use materials that can stand up to ~240 °C heat.  

https://commons.wikimedia.org/w/index.php?curid=5544055
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Infill 

The interior structure of a 3D printed model. Rather than printing a solid interior, which is a 

waste of plastic, a model is typically printed with a patterned internal "mesh". The infill is 

typically expressed as a percentage (ex. 20% infill). 

Layer Height 

The thickness of a particular layer in a 3D printed model. (ex. 0.20 mm) 

Kapton Tape 

Heat-resistant polyimide adhesive tape. Often used to cover the surface of the print bed in 

order to provide better adhesion to the 3D printed model and prevent it from warping. 

 

Mesh 

The surface area of a 3D model in digital form. In curved shapes, this is typically represented 

by a series of flat triangles. The smaller the triangles the finer the printed results will be. 

 

Image: https://upload.wikimedia.org/wikipedia/commons/f/fb/Dolphin_triangle_mesh.png 

 

Nozzle 

The part of the extruder that deposits the melted plastic material. 

 

Overhang 

A part of a 3D model where there is no support below it. Parts that jut out at an angle of over 

45 degrees are generally considered overhangs. 
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PLA 

Polylactic Acid. Corn-based plastic filament used in the 3D printing process. Biodegradable 

and does not give off fumes as ABS plastic does. Used in applications such as medical 

implants, compostable packing material and disposable garments. 

Slicing 

A single layer of the 3D printed model. Slices vary in thickness depending on the design 

(e.g. 0.1 mm). Most 3D printer programs automatically generate, or "slice" your 3D digital 

model into the layers to prepare for printing. 

STL 

Short for Stereolithographic. A file format from 3D modelling programs commonly used in 

3D printing. 

Support Material 

3D models that have large overhangs or gaps between parts require support material to be 

printed (as it would be impossible to print into thin air). The support material is removed 

once the 3D print has finished in order to reveal the final print. 

X, Y, Z axes 

3-dimensional coordinate system. Z-axis represents what would typically be considered 

"vertical". 

 

 

 

 

REFERENCES FOR GLOSSARY 

3D Printing for Beginners (2016) https://3dprintingforbeginners.com/glossary/  

RepRap.org (2016) http://www.reprap.org/wiki/Glossary 

All3DP: All about 3D printing (2016)  https://all3dp.com/3d-printing-terms-terminology-glossary/ 

https://3dprintingforbeginners.com/glossary/
http://www.reprap.org/wiki/Glossary
https://all3dp.com/3d-printing-terms-terminology-glossary/
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Chapter 5: Skills for the 21st century labour 
market 

The labour market of the 21st century is in a continuously expansional state, mainly due to the rapid 

technological advancements that have risen during the last decades. Imposed legislation towards a 

more environmentally friendly ecosystem or the natural need for human evolution has been the two 

main roots for this breakthrough. The labour market is directly related and affected by this 

evolutionary state, in terms of the skilfulness of the labour force and its ability to follow up and 

become or remain involved. Skills are a pull factor for investment and a catalyst in the virtuous circle 

of job creation and growth, in every sector of today’s market. 

Although the technological growth and innovation have become an obvious element in the 21st 

century, the situation in Europe still calls for action. Approximately, more than fifty percent of all 12 

million long-term unemployed are considered as low-skilled. Furthermore, almost 70 million 

Europeans lack adequate reading and writing skills, and even more have poor digital and numeracy 

skills [ECweb2017]. These facts impose serious potential risks to both employed and unemployment, 

such as job dismissal, poverty and even social exclusion. For this, higher education institutions and 

companies must provide their graduates and employees with adequate and relevant tools and support, 

to aid them to acquire up-to-date and valuable skills. 

All the above have a direct impact on employers since the lack of appropriate, and skilful, potential 

employees enforces them to compromise with lower quality work force, than they need in order to 

innovate and grow; almost 40% of European employers are a subject to this statement. Consequently, 

many people work in jobs that do not match their skills and talents. The preparation levels and quality 

of potential employees and graduates are perceived differently by teachers and employers. Only few 

people have the entrepreneurial mindsets and skills needed to set up their own business. 

In the upcoming subsections a description and analysis will be presented concerning aspects of 

today’s labour market and the challenges imposed by the lack of skilful candidates and employees, 

as well as the actions and measures undertaken by EU officials to control and reduce its effects.  

5.1 Challenges for development of labour market   
Due to the nature of the problem at hand, there is a number of minor and major challenges that need 

to be addressed. These relate to the impact of technology and a more globalised higher education, as 

well as the need for advancements in graduate learning and the effects on employment. The 

successful implementation and further understanding of the effects of these aspects, will offer 

students better guidance towards a successful and more efficient employment period and will 

encourage them to acquire a more multidisciplinary culture [ECweb2017]. 

Proper skill acquisition and development are essential for the performance and modernisation of 

labour markets in order to provide new forms of flexibility and security for job seekers, employees, 

and employers alike. Some challenges related to the notion of “skills in labour market” are presented 

below, as extracted from the European New Skills Agenda: 

- Skills mismatches hinder productivity and growth and affect Member States' resilience to economic 

shocks.  

- The digital transformation of the economy is re-shaping the way people work and do business. New 

ways of working are affecting the types of skills needed, including innovation and entrepreneurship. 

Many sectors are undergoing rapid technological change and digital skills are needed for all jobs, 

from the simplest to the most complex. High skills enable people to adapt to unforeseen changes. 
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Similarly, the transition to a low carbon and circular economy means creating and adapting to 

business models and job profiles. 

 - The EU workforce is ageing and shrinking, leading to skills shortages in some cases. To 

compensate for this, it is necessary to increase labour market participation and productivity. Women 

represent 60% of new graduates, but their employment rate remains below that of men and women 

and men tend to work in different sectors. Inclusive labour markets should draw on the skills and 

talents of all, including the low-skilled and other vulnerable groups. In the global race for talent, we 

need to nurture our skilled workers, reduce brain drain, while facilitating mobility of EU citizens, 

attracting talent from abroad and making better use of migrants' skills. 

- The quality and relevance of the education and training available, including teaching standards, 

vary widely. This contributes to increasing disparities in the economic and social performance of 

Member States, whereas stronger education and skills policies are key to shape innovation and could 

facilitate upward convergence towards the best performing countries.  

- Perceptions are not always rooted in reality; for example, more awareness of the good employment 

outcomes of Vocational Education and training (VET) can make it a genuine first choice for more 

people. Similarly, increasing the attractiveness of the teaching profession would stimulate talented 

young people to pursue this career.  

- People increasingly learn in settings outside formal education – online, at work, through 

professional courses, social activities or volunteering. These learning experiences can often go 

unrecognised. 

In general, many of these challenges are generated or even maintained by the societies’ lack to 

quickly adapt to change. The technological evolution is a rapid ongoing reality that requires 

exponential and quick response by the member societies. People are not always keen to swiftly alter 

their habits in both everyday life and work, especially when these changes put their daily experiences 

and trends under contradiction. Newly arrived technological products have the capability of 

“shaking” the outside society and this can be a critical fact for the approval and acceptance of the 

technology by the affected society or societies. Through proper education, it is vital to introduce the 

effects of technology to students, in a comprehensive manner, in order to expose them to these aspects 

from a young age. 

5.2 EU actions and measures  
The quality status of the labour market has been under continuous monitorization by the European 

Union, through the Digital Skills and Jobs Coalition. The quick digitisation of the European society 

and economy generates the demand for higher digitally skilled employees. Digital skills are needed 

at all levels: high level ICT specialist skills, user skills needed for work and employability and the 

skills needed by citizens more broadly [ECweb2017]. On the contrary, current supply indicators are 

not positive; we may lack as many as 756 000 ICT professionals by 2020. More than a third of the 

labour force and, more broadly, around 45% of EU citizens are in effect digitally illiterate 

[ECskils2017].  

To adequately address the challenges, the Digital Skills and Jobs Coalition has published the 

following terms [ECskils2017]:  

1) Educate and train more young people for digital professions so that we can create a large pool of 

talented young digital professionals, with increased female participation, who are work ready and 

can take up the growing number of unfilled vacancies for ICT professionals in Europe.  

2) Up-skill and re-skill the European labour force with the digital skills they need to remain 

productive in the jobs they have and to become employable for new ones.  



MAKEITREAL Project    Erasmus+ KA2 2016-1-PL01-KA201-026492 

122 

3) Modernise our education and training systems for the digital age, bringing digital skills and 

competences to all levels of education and training.  

4) Improve the digital skills of all citizens so that they can play an active role in modern society, 

strengthening social inclusion. 

In recognition of this we, the members of the Digital Skills and Jobs Coalition, agree to build strong 

partnerships and work together to reduce digital skills gaps in Europe by contributing to one or more 

of the following actions to be achieved by 2020:  

1) Train 1 million more young (unemployed) people for vacant digital jobs by training (each year an 

extra 250,000) unemployed and disconnected young people for digital professions, including through 

good quality internships/traineeships, apprenticeships and short-term training programmes linked to 

local skills needs as well as to concrete opportunities for employment.  

2) Support the up-skilling and retraining of the workforce for new digital technologies by offering 

all workers the opportunity to assess2 and upgrade their digital skills, improving the understanding 

of skills demand. And in particular take concrete measures to support SMEs who face specific 

challenges in attracting and retaining digital talent as well as retraining their workforce.  

3) Modernise education and training – including through dialogue and cooperation between industry 

and education stakeholders - to make the most of digitisation for learning, for work and for life and 

to provide all students and teachers with the opportunity to develop and upgrade their digital skills.  

4) Reorient and make use of available funding to support digital skills and carry out awareness-

raising to inform and convince 1) young people about the benefits of studying and pursuing careers 

in ICT, 2) entrepreneurs and managers of SMEs in all sectors of the potential and relevance of digital 

technologies for their businesses and 3) citizens at large of the benefits of using digital technologies 

and learning digital skills for their lives. 2 The European Digital Competence Framework for citizens 

(DigComp) provides a basis for a common understanding of what digital skills are and how to assess 

them.  

Members are encouraged to come forward with concrete pledges (see below) for action in the areas 

identified above. The Commission will support the work of the Coalition by:  

1. Facilitating and coordinating the activities of the Coalition at EU level, connecting and gathering 

all actors and organising regular EU level events, supporting the exchange of best practices that 

provide replicable and scalable examples of solutions that really work. The Commission has also 

signed a support contract to set up a secretariat for the Coalition.  

2. Promoting best practices and pilot projects for short terms training schemes with the intention of 

replication throughout Europe including with the support of the European Social Fund (ESF) and/or 

the Youth Employment Initiative (YEI); (ii) digital internships/traineeships and apprenticeships –for 

example through ERASMUS+.  

3. Monitor and report on progress on the membership and pledges to the Coalition. Furthermore, the 

Europe's Digital Progress Report will monitor progress in the Member States, also on the basis of 

input from national coalitions. 

5.3 Skills and Analysis (vocational training/education) 
Europe faces a basic skills challenge. People need a minimum level of basic skills and these include 

numeracy, literacy and basic digital skills, to access good jobs and participate fully in society. These 

are also the building blocks for further learning and career development. Around a quarter of the 

European adult population struggles with reading and writing, and has poor numeracy and digital 
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skills. Furthermore, science and foreign languages are vital skills, as well as transversal skills and 

key competences such as digital competences, entrepreneurship, critical thinking, problem solving 

or learning to learn, and financial literacy [ECskils2017]. 

Beyond looking for the right occupation-specific skills, employers are increasingly demanding 

transferable skills, such as the ability to work in a team, creative thinking and problem solving. This 

skills mix is also essential for people considering starting their own business. Yet too little emphasis 

is usually placed on such skills in curricula and they are rarely formally assessed in many Member 

States. Interdisciplinary profiles – people with the ability to combine work across different fields - 

are increasingly valued by employers, but are in short supply on the labour market. 

The Commission proposes that a Skills Guarantee be established (see ref. doc COM(2016) 382) to 

provide:  

- a skills assessment, enabling low-qualified adults to identify their existing skills and their 

upskilling needs;  

- a learning offer, responding to the specific needs of individuals and of local labour 

markets;  

- opportunities to have their skills validated and recognized 

Vocational Education 

Making VET a first choice Vocational education and training (VET) is valued for fostering job-

specific and transversal skills, facilitating the transition into employment and maintaining and 

updating the skills of the workforce according to sectoral, regional and local needs. Although over 

13 million learners are engaged in VET each year, forecasts in several Member States indicate that 

there will be a shortage of people with VET qualifications in the future. For many young people and 

their parents VET remains a second choice. Co-ordination between employers and education and 

training providers is sometimes difficult. VET needs to increase its attractiveness through quality 

provision and flexible organisation, allowing progression to higher vocational or academic learning, 

and closer links with the world of work. Higher level VET provision is steadily expanding and is 

valued by both learners and employers for providing skills needed on the labour market. Such 

developments need to be further encouraged and be appropriately integrated into the qualification 

frameworks and systems. Business and social partners should be involved in designing and delivering 

VET at all levels, as demonstrated in the “dual system” of apprenticeships. VET should include a 

strong work-based dimension, whenever possible coupled with an international experience. 

The Commission, in co-operation with Member States, social partners and education and training 

providers, will support the implementation of the Riga Conclusions for quality and labour market 

relevant vocational skills and qualifications, by:  

-  supporting opportunities for learners to undertake a work-based learning experience as 

part of their studies.  

- increasing opportunities for VET learners to combine learning experiences acquired in 

different settings, building on the existing VET instruments for quality assurance and 

credit, and in line with the revised EQF Recommendation.  

- supporting the development and visibility of higher VET opportunities through 

partnerships between learning providers, research and business, with a particular focus on 

needs for higher level skills at sectoral level. 

- improving data availability on labour market outcomes of VET.  

- exploring ways to streamline the existing EU level governance of the VET sector, 

including a more explicit coordination role for the Advisory Committee on Vocational 

Training.  

- launching a first European VET Skills Week in 2016 and increasing cooperation with 

World Skills Organisation to showcase vocational studies as a first class option. 
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5.4 Relation to MakeItReal 
 

The MakeItReal project aims to familiarize students and people of education, with the digital skills 

described above. Through its practical examples and tutorials, the various aspects of digitised skill 

acquisition are explored, from preliminary levels until the achievement of the main target; that is the 

advancement of both the individual, the labour market and subsequently, the society. Below, the 

various digital skills are presented as well as how the project aims to expose and teach each one of 

them, through practical techniques. 

Numeracy Working on modelling 3D objects with certain precision requires the use 

of mathematical skills in the design process. Some of the projects 

specifically require the use proportional reasoning skills. In fact, since the 

modelling process involves measurement, all of the projects involve some 

extent of geometrical thinking. 

Science The 3D printing projects of the MakeITReal curriculum has STEAM 

connections. In railway track project, for instance, students need to 

consider the slope of the ramps or they will need to consider the sharpness 

of the bends in order to allow safe turns of the train. Design a boat project 

is another example that requires the use of science skills in which they use 

scientific process skills.  

Digital competences In 3D modelling and printing process, students extensively use 

technology. They develop models, prepare them for printing, transfer files, 

share their work, etc. Therefore, the MakeITReal curriculum has links to 

digital competencies, to some extent. 

Creative thinking The pedagogical model of the MakeITReal curriculum encourages 

students to come up with ideas for modelling in the “brainstorm” phase. 

In some of the tasks, students are asked to design and envision a unique 

three-dimensional form. Students are expected to use their creativity to 

design unique objects.  

Critical thinking Students’ work in the MakeITReal curriculum gradually becomes more 

open-ended. Such tasks promote self-guided, self-disciplined thinking and 

encourage students to reason.  

Problem solving During 3D modelling and printing process, students encounter several 

problems. Most of the projects in the MakeITReal curriculum have been 

selected in way to make students face with challenges and work towards 

overcoming it.  

Learning to learn The pedagogical model of the MakeITReal curriculum promotes students 

to work on their own pace in groups and learn from their mistakes. 

Teachers are encouraged to enable students to do reflective thinking in 

every project. Such reflective thinking is strongly related to the self-

regulated learning skills.   

Work in a team In the MakeITReal curriculum, some of the projects are done in teamwork.  
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Entrepreneurship The final challenge of the MakeITReal curriculum is a project that 

students will freely chose. However, the ideas they will develop for the 

project will be presented to the class and they will defend their project 

idea. Some of the other projects are also requiring students to initiate an 

idea, test it, and present it. These processes can be linked to 

entrepreneurship skills to some extent.  

 

 

Section Sources: 

 [ECweb2017] New Skills Agenda for Europe , EC Website 2017 

http://ec.europa.eu/social/main.jsp?catId=1223   

 [ECSkills2017] The Digital Skills and Jobs Coalition Members Charter, European 

Commision, 2017 https://ec.europa.eu/digital-single-market/sites/digital-

agenda/files/digital_skills_and_jobs_coalition_members_charter_0.pdf  

http://ec.europa.eu/social/main.jsp?catId=1223
https://ec.europa.eu/digital-single-market/sites/digital-agenda/files/digital_skills_and_jobs_coalition_members_charter_0.pdf
https://ec.europa.eu/digital-single-market/sites/digital-agenda/files/digital_skills_and_jobs_coalition_members_charter_0.pdf
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Chapter 6: Product design practices for 
industrial, research and business purposes 

The implementation of an idea or concept is a lengthy road that everyone, who wants to accomplish 

it, must travel. The term idea-to-product requires a methodical and efficient approach in which all 

aspects concerning this journey are fully developed in a systematic manner to minimize failure risks 

and underachievement. This section aims to present all stages of the idea-to-product notion with 

reference to already successfully developed projects which will give an in-depth and thorough 

understanding in a comprehensive way. 

A good idea might not always be the spearhead of a successful product. There are many steps and 

difficulties to be surpassed until your idea is prepared for market penetration. The figure below shows 

a conventional step-by-step timeline of the idea-to-product term. 

 

 

Step-by-step procedure of an idea-to-market 

Using examples that will be presented in this section, we aim to give a more comprehensive guide, 

towards the understanding of the idea-to-product term, using visual content and more practical terms. 

An analytical procedure of an engineering oriented project’s development is listed below. This is a 

more technically based tactic that involves preparation of draft specifications, identification of 

engineering limitations and fabrication techniques, prototyping and testing methodologies that aid 

towards improve output accuracy and efficiency of results: 

• Define the problem 

• Gather information 

• Requirements – draft specifications 

• Conceptual design - Generate multiple solutions 

• Analyze and select the best solution 

• Embodiment-fabrication design 

• Prototyping 

• Optimization 

• Testing, validation 

• Documentation 

• Patenting 

6.1 Idea and Product Definition 
The project begins with the problem definition and identification of existing and current issues 

concerning the subject. It is crucial to first establish the limitations of current and available 

technology, related to your idea, since this is the mean that will lead to successfulness; that is if you 
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do not have the support of existing technology methods and solutions to perform your tasks. The 

next thing to be considered is competition. If there is a high number of existing products and 

extensive research relative to your idea, then most likely you might find yourself walking in already 

explored paths. Uniqueness is a key fact of a successful product and new features are what the market 

is always looking for and investing on; identify your target market and explore it. All of the above 

will aid you to define your product, in terms of its purpose, basic features and specific target group. 

Prior to the generation of possible solutions to the problem, it is vital to gather information regarding 

existing technology, patents, legislation and available products. This is probably the most vital step 

of a project since it helps to identify the gap between the problem and what areas have already been 

explored and analysed. In a general overview, the project was based on the following engineering 

design process. 

 

6.2 Finding the ideal solution 
In order to establish an ideal solution to a problem, it is essential to be aware of all the aspects that 

relate to it and how to, efficiently, approach each and every one. Depending on the nature of the 

project/idea there are numerous sciences and subjects that are involved. There are a few methods that 

can be exploited and combined in order to holistically explore and select the ideal solution field and 

pathway. These methods are presented below and combine a set of literature review tasks, 

examination of physical and design aspects, brainstorming and more. 
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6.3 Conceptual Designs and Solution 
The initial steps of the design process, after the draft specifications are established and limitations 

have been identified, is to create the preliminary drawings and sketches of the product. This includes 

adding as much detail as possible and with the aid of CAD/CAE design software to produce scalable 

drawings to visualise your concept. Below we present some initial conceptual designs of a child-safe 

bottle. 

 

CAD design of child-safe bottle. (Image courtesy of Creative Mechanisms.) 

6.4 Prototype and testing 
The process of prototype production has many steps. It typically starts with the product design, which 

is done with computer aided design software (CAD). Once the product is designed, we then move to 

the engineering-for-production phase. Pre-production prototypes can be generated partially or 

completely with three principal technologies: computerized numerical control (CNC) machining, 3D 

printing and injection moulding. 

6.4.1 Initial vs. Pre-production Prototypes 

Just as there are different production techniques for different parts, there are different prototypes for 

different purposes. Initial prototypes are very useful for proof-of-concept presentations and 

fundraising while pre-production prototypes are designed for product testing and consumer research 

prior to mass manufacturing. Pre-production prototypes typically start as initial prototypes which are 

developed further as the production process gains momentum [CM2016]. 

6.4.2 Developing the initial prototype 

Every project starts out with an initial prototype. The initial prototype is a physical model of the final 

product, typically (but not always) created in a plastic resin that’s different than the final production 

part. ABS plastic is typically used if the prototype is 3D printed while a variety of plastics can be 

used if the part is CNC machined. 
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Production of the initial prototype involves three distinct steps: 

1. CAD and Engineering  

2. Prototype Production by CNC or FDM 

3. Evaluation of the Prototype and Refinement 

 
3D-printed parts for child-safe bottle (Image courtesy of Creative Mechanisms.) 

In order to finalize a design, the design file is used to program CNC or Fused Deposition Modeling 

(FDM) processes. FDM is one of several available technologies known collectively as “3D printing.” 

The FDM machine builds parts by adding thin layers of ABS plastic on top of each other according 

to computer instruction. CNC is an alternative way of developing a prototype; it is achieved by 

automated machining rather than the ‘building block,’ additive manufacturing method of FDM. 

Which method is best for a given application depends on which process best reproduces and realizes 

the design and engineering of the particular project: some parts are better machined while others are 

better printed. 

Typically, three or four prototypes are made per project. In most cases, the digital model has to be 

tweaked because some things aren’t apparent until a physical prototype is made – the physical 

dimensions or other parameters may need adjusting. In cases where major changes are made to the 

digital model, it’s necessary to print or machine another prototype. This iterative process may be 

repeated several times until the perfect prototype is obtained [CM2016]. 

6.4.3 Pre-production prototype 

The initial prototype is often a necessity if one is trying to provide a working proof-of-concept to 

investors. It can also be a very useful final prototype for smaller scale production efforts. However, 

for products intended for larger scale mass-manufacturing, pre-production prototypes (also known 

as injection moulded prototypes) are a prudent step in the development process.  
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Initial prototype for child-safe bottle. (Image courtesy of Creative Mechanisms.) 

The concept behind pre-production prototype development is to provide exact replicas of what will 

become the final product using the actual production material. This is essential for product testing 

and/or consumer research before trying to bring the product to market. The process involves the 

creation of an injection mould typically used to produce 300-1000 replicas of the prototype part. 

Pre-production prototype development can be thought of in three simple steps: 

1) Engineering for Mass-Production 

2) Mould Design & Construction 

3) Prototype Injection Moulding 

 

6.4.4 An Example of the Initial Prototype Development Process 

The task and project requirements are self-derived because most client work in the prototype 

development business is subject to Nondisclosure Agreements that do not allow for public 

distribution. The example project requirements include the design of a child safe bottle to hold solids 

(such as pills) that could be dangerous to children. The prototype needs to be a novel design not 

currently on the market. Additionally, the bottle needs to function as a flip-top cap that utilizes a 

living hinge mechanism to open and close. 
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Child-safe bottle prototype with living hinge lid (Image courtesy of Creative Mechanisms.) 

Living hinge mechanisms complicate prototype development because they necessitate that both 3D 

printers and CNC machines are used for the project. 3D printers are typically the quickest way to 

generate a quick prototype while CNC machines are the only machine capable of creating a living 

hinge (a piece of plastic no thicker than 0.005 to 0.010 inches). 

The prototype development process is designed to produce both working proofs of concept and final 

replicas of the manufactured product. If done properly, you will optimize your design while 

identifying and correcting mistakes before they present themselves during final mass production 

processes. Executed properly, the prototype development process is an indispensable part of 

engineering a new product for market [CM2016]. 

6.5 Design for manufacturing 
The high cost of the moulds is only one of the issues with injection moulding. The other downside 

to injection moulding is that it greatly complicates, and restricts, the actual design of your plastic 

pieces. Once you have a perfectly working prototype from a 3D printer, you then have to spend 

significantly more time and cost making it work for injection moulding. Keep in mind that you should 

design your plastic parts for injection moulding from the beginning. Some requirements of injection 

moulding, such as draft, can be delayed at least until your second prototype. But other requirements, 

such as uniform wall thickness and undercuts, need to be implemented from the very start. 

6.5.1 Production 

The most widely famous production method along the industry, is injection moulding. This is an 

ancient technology that has been used since the late 1800’s. Injection moulding machines incorporate 

a huge screw to force molten plastic into the mould at high pressure. This screw drive method was 

invented in 1946 and is still the method used today. 
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Injection moulding machines definitely do not have the modern, high-tech feel of 3D printing 

technology. There is really nothing cool about injection moulding, but nonetheless it is a requirement 

for most hardware products. An injection mould consists of two halves that are forced together to 

form a cavity in the shape of the part to be produced. Hot, liquid plastic is then injected at high 

pressure into this cavity. The high pressure is needed to ensure that the plastic resin fills in every 

crook and cranny of the mould cavity. 

Once the plastic has had time to cool, the two halves of the mould are pulled apart, and the part is 

ejected. Although designing for injection moulding can be quite complicated, and the cost of the 

moulds themselves are incredibly expensive, there is one huge reason why injection moulding is still 

used today. No technology can beat injection moulding when it comes to producing millions of 

identical copies of a part at an incredibly low price [Teel2017]. 

 

Injection moulding device (Image courtesy of pentagonplastics.co.uk) 

 

 

Finished part of an injection moulded product (Image courtesy of Carnegie Mellon University) 

 

6.5.2 Material Selection 

There is an incredible variety of plastic resins at your disposal each with its own characteristics. Two 

of the most commonly used resins for hardware products are Polycarbonate (PC) and acrylonitrile 

butadiene styrene(ABS). Polycarbonate has a much higher impact strength and has a much higher-

quality appearance compared to ABS. However, PC is of course more expensive than ABS. 

Polycarbonate is the most popular plastic used in higher end hardware products because of its higher 

impact strength and its better aesthetics. If appearance is critical for your product, then PC is most 

likely the way to go. If your product is low-cost then ABS may be the best choice [Teel2017]. 
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6.5.3 Go to market 

A market strategy is the final and most crucial step in the successfulness of the idea as a product. 

This can be achieved through systematic dissemination and commercialisation of the product. There 

many aspects related to an effective marketing strategy and this mainly depends on the nature of the 

product. Nevertheless, there are basic strategic keynotes that should not be ignored and can be 

adapted to match the marketing campaign for a specific product. 

First and foremost, an initial dissemination plan should always be performed. This includes the 

identification and selection of relevant audiences, the identification and selection of adequate 

communication channels and the identification of public key organisations as well and professional 

operators, deemed influential in the sector. Dissemination targets, means and routes will also be 

identified. The next step towards an effective plan is to generate promotional, written and audio-

visual digital materials (brochure/leaflet, newsletters, videos and publication of articles in journals, 

magazines and blogs) in order to attract the outside market in an efficient and resourceful manner. 

Through this task, the online presence will also be managed via the use of social media, website and 

online advertising. 

The commercialisation plan shall include the following:  

- updated dissemination routes, targets and metrics,  

- marketing strategy, 

- market sizing analysis,  

- detailed cost analysis,  

- financial projections,  

- evaluation  

- control metrics.  

 

A sustainable business strategy and operations also accommodates the continuous analysis of the 

product’s potential impact and opportunity in the market, without neglecting the continuous 

monitoring and observation of competitors’ technologies and approaches. 

 

Section sources: 

 [CM2016] Taking Your Product from Concept to Reality, Creative Mechanisms, 

https://www.engineering.com/AdvancedManufacturing/ArticleID/11297/Taking-Your-

Product-from-Concept-to-Reality.aspx  

 [Teel2017] Introduction to Injection Molding , John Teel, 2017 

https://blog.hackster.io/introduction-to-injection-molding-d1597a442959 

 

 

 

 

 

https://www.engineering.com/AdvancedManufacturing/ArticleID/11297/Taking-Your-Product-from-Concept-to-Reality.aspx
https://www.engineering.com/AdvancedManufacturing/ArticleID/11297/Taking-Your-Product-from-Concept-to-Reality.aspx
https://blog.hackster.io/introduction-to-injection-molding-d1597a442959


MAKEITREAL Project    Erasmus+ KA2 2016-1-PL01-KA201-026492 

134 

Appendix I – EIE design process 

The Engineering Design Process described by the Museum of Science, Boston 

 

ASK: What is the problem? How have others approached it? What are your constraints? 

IMAGINE: What are some solutions? Brainstorm ideas. Choose the best one. 

PLAN: Draw a diagram. Make lists of materials you will need. 

CREATE: Follow your plan and create something. Test it out! 

IMPROVE: What works? What doesn't? What could work better? Modify your designs to make it 

better. Test it out! 

Retrieved from: https://eie.org/eie-curriculum/engineering-design-process 

Ask

Imagine

PlanCreate

Improve

https://eie.org/eie-curriculum/engineering-design-process
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Appendix II – Design process by DSG 

The Design Process described by the Design Squad Global, WGBH Educational Foundation 

 
IDENTIFY 

PROBLEM 
 

 BRAINSTORM  

 DESIGN  

 BUILD  

REDESIGN  
TEST & 

EVALUATE 

   

 
SHARE 

SOLUTION 
 

 

BRAINSTORM 

 What are some different ways to tackle today’s challenge? 

 Off-the-wall suggestions often spark GREAT ideas. How creative can you be? 

DESIGN 

 Which brainstormed ideas are really possible, given your time, tools, and materials? 

 What are some problems you need to solve as you build your project? 

 How can a sketch help clarify your design? 

BUILD 

 What materials will you need? 

 What can you learn by looking at other students’ projects? 

TEST, EVALUATE, AND REDESIGN 

 Why is it a good idea to keep testing a design? 
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 What specific goal are you trying to achieve, and how will you know if you’ve been 

successful? 

 How does the design meet the criteria for success presented in the challenge? 

SHARE SOLUTIONS 

 What’s the best feature of your design? Why? 

 What were the different steps you did to get your project to work? 

 What was the hardest problem to solve? 

 Did you have to do something a few times to get it to work? What? 

 If you had more time, how would you improve your project? 

 

Retrieved from:  

http://www-tc.pbskids.org/designsquad/pdf/parentseducators/DS_TG_DesignProcess.pdf 

 

  

http://www-tc.pbskids.org/designsquad/pdf/parentseducators/DS_TG_DesignProcess.pdf
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Appendix III – Video Resources 

What Is 3D Printing and How Does It Work? | Mashable Explains (2:21) 

https://www.youtube.com/watch?v=Vx0Z6LplaMU 

  

The Art of 3D printing | Smithsonian Channel (1:49) 

https://www.youtube.com/watch?v=Tpk1ENAqr2Q 

  

3D Printing: State of the Art 2016 |Tech Times T-Lounge (1:18) 

https://www.youtube.com/watch?v=9Jd_VUWwwFQ 

  

This kinetic sculpture pushes the limits of 3D-printed art | Business insider (0:31) 

http://www.businessinsider.com/kinetic-sculpture-pushes-the-limits-of-3d-printed-art-

2017-1?international=true&r=US&IR=T 

  

Building a House the Eco-Friendly Way with 3D Printing | KQED Arts (6:39) 

https://www.youtube.com/watch?v=qBFpV_1pewI 

  

 Artist 3D prints porcelain pieces and it's mesmerizing | Mashable (2:29) 

http://mashable.com/2016/08/11/3d-printed-procelain/#nIZDKbcIFqqj 

  

Visualizing Mathematics with 3D Printing 

https://www.youtube.com/watch?v=JIM-IWh_-n0 

  

What is industrial 3D printing? 

https://www.youtube.com/watch?v=cE2tNU4ypyY 

 

  

https://www.youtube.com/watch?v=Vx0Z6LplaMU
https://www.youtube.com/watch?v=Tpk1ENAqr2Q
https://www.youtube.com/watch?v=9Jd_VUWwwFQ
http://www.businessinsider.com/kinetic-sculpture-pushes-the-limits-of-3d-printed-art-2017-1?international=true&r=US&IR=T
http://www.businessinsider.com/kinetic-sculpture-pushes-the-limits-of-3d-printed-art-2017-1?international=true&r=US&IR=T
https://www.youtube.com/watch?v=qBFpV_1pewI
http://mashable.com/2016/08/11/3d-printed-procelain/#nIZDKbcIFqqj
https://www.youtube.com/watch?v=JIM-IWh_-n0
https://www.youtube.com/watch?v=cE2tNU4ypyY
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Appendix IV – Printable Grid Papers 

10x10 Grids (0,5 cm) 
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Square Grid (0,5 cm) 
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Suare Grid (1 cm) 
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Coordinate Grids 
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Dot Paper (1 cm) 

 

 

 
 

 


