
MAKER EDUCATION AND 3D PRINTER TO ENHANCE LOGICAL 
AND ABSTRACTION SKILLS 

R. Capone, A. Esposito, M.G. Adesso, F.S. Tortoriello 
University of Salerno (ITALY) 

Abstract  
In the last few years, the presence of 3D printers is spreading in schools, and "thinkering" and making 
practices, linked to educational robotics, are increasing. Students should acquire digital skills that 
enable them to become producer themselves, constructing digital objects with different characteristics. 
For this purpose, a rethinking of the didactic-educational action is necessary, using methodologies 
centered on the students, so that it may effectively become builders of their own knowledge. Maker 
Education could be a considerable part of the day-to-day activity in the classroom.  

This paper aims to discuss the value of Maker Education and main strategies to organize and plan its 
implementation, to support both teachers and students. 

In this project the 3D printer uses to enhance logical thinking and abstraction skill has been mainly 
investigated. 

"Maker education" is didactics of doing in which the phases of designing and creating objects through 
the technologies become central. It is based on the "thinkering" methodology and the application of 
the "Think-Make-Improve" cycle (Martinez & Stager, 2013) starting from the resolution of a problematic 
situation, based on the comparison and collaboration between peers. It also includes collaborative and 
inclusive teaching methodologies such as Peer Education.  

The experience of "teaching maker" concerns the didactic path realized by a group of 6 teachers of a 
High School with their students. Each teacher assigned each time small projects to the students, from 
the simplest, as the realization of a written, to the most complex (the realization of a cup). 

The students were initially guided through support sheets. Nevertheless, in the final activities, a 
brainstorming and a prototype design was only shown to the students. 

3D modeling software’s, i.e. Tinkercad, and a Slicer software (Slic3R), have been used to project the 
objects to be printed. 

After the executive phase, a reflection one took place. It is the metacognitive phase that serves to fix 
the acquired elements by providing a conceptual framework for the student’s experiential work. The 
teacher concluded the course by summarizing the key concepts, provided indications for the study and 
further details, guided the students towards a self-assessment of their personal learning. 

The creation of a product from idea to reality implies not only the acquisition of technical skills but 
offers the opportunity to acquire the mastery of a series of relational goals, of resourcefulness and 
persistence that with traditional teaching can hardly be acquired.  

We show student’s results, analyzed starting from increasing of logical thinking and abstraction skill 
levels. 

Keywords: Maker Education, 3D printers, thinkering, artefacts.  

1 INTRODUCTION 
In an increasingly globalised world, people need a set of skills to adapt themselves to the rapid 
change of society. In everyday life or in the work, to succeed it is necessary to possess many qualities 
but, above all, people must be able to solve problems. In accordance with the European Union 
Recommendation the ability to develop and apply critical thinking to solve problems of daily life is 
considered one of the key skills for an active citizenship, social inclusion and employability in the 
modern society. 

It is necessary to provide students cognitive tools that make them able to face and solve problems in a 
creative and innovative way. For educational institutions, this means designing learning environments 
and curricula in which student is in a concrete learning situation. This work is mainly focused on maker 
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education, to enhance logical thinking and abstraction skill. The theoretical framework where the 
maker teaching may be included, is the active learning [1] and the constructionism [2], together with 
the theory of experiential learning [3] and some Piaget theories [4]. 

According to Constructionism, each single person builds mental models to understand the world 
around him. Furthermore, learning takes place more effectively if the learner is involved in the 
production of tangible objects: "learning is more efficient when it is part of an activity such as building a 
meaningful product". 

Papert [2] dealt with the potential of artifacts such as robots and 3D printers, which are configured as 
objects which stimulate the student to think constructively by learning by using the machine. [5] 

The fundamental role that physical objects and their manipulation play in the learning process had 
already been highlighted by Piaget: each person adapts to the environment through two main 
mechanisms: assimilation and accommodation. The assimilation process requires the individual to 
integrate the information coming from the external environment through the conceptual structures 
(mental patterns) he already possesses. The accommodation, on the other hand, occurs when the 
existing structures are modified in order to collect new stimuli. These two mechanisms are strongly 
dependent on the interaction with the environment and with the physical objects that are part of it. 
According to Piaget constructivism, learning is configured as a dynamic process of construction and 
re-construction of knowledge previously acquired within new mental schemes that favor a better 
adaptation through the achievement of a more evolved equilibrium. 

Learning is therefore situated in practice (situated learning) and linked to the project that the students 
must carry out. 

Physical objects such as 3D printers allow the creation of learning units focused on practical and real 
problems, which the student will have to face in order to learn by doing (learning by doing).  

The frontal math lessons can become like art lessons [6]: instead of the "sculpture" the students will be 
able to create "a work", instead of using "the knife" they will use the programming together with their 
knowledge mathematics and physics to shape their project.  

The student during the realization of a product can:  

1 See the steps of creating his work and get immediate feedback on his progress;  
2 Use his imagination and be active in the realization of the product;  
3 Present his project to other students by sharing suggestions, proposals and opinions;  
4 Build his knowledge based on the knowledge he already has by stimulating new learning.  

A fundamental role, in the realization of the project, is the ability to work in a group (collaborative 
learning). This is not a classic cooperative learning (cooperative learning) but collaborative precisely 
because it is aimed at creating a final product. Unlike the classical frontal lesson, the students will 
have to be actors in the realization of their project and the teacher will assume the function of guide 
and supervisor.  

The real situation will be the cue to suggest, learn and apply notions that were previously received in a 
passive manner.  

Furthermore, the teacher, by exploiting the use of the product produced, should push students to fill 
the proximal development zone " [7], that is the distance between the level of knowledge that the 
student can reach independently, without interacting with the environment and the maximum potential 
that the student can reach if he receives the help of an adult. 

An innovative impulse in this direction was been in higher education with FabLabs, created by the 
Massachusetts Institute of Technology (MIT) [8]. They are pedagogical environments in which 
students must solve their own problems producing by themselves the tools they need. In these 
spaces, students work using physical and digital instruments, particularly they can realize projects with 
3D printers.  

The makerspaces, however, with their informal learning settings, has generated the pedagogical 
question of how these models can be integrated into K-12 schools. Kafai, Fields and Searle [9], 
underlining how informal learning has an important role in learning, show how to orientate the makers 
movement in teaching supporting maker activities in schools.  
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West-Puckett [11] describes how educators can design classrooms as makerspaces focusing on 
student interest and point out learning is integrated and connected rather than as an isolated set of 
skills. 

In this work, a maker project has been described, involving both teachers and students training on 
Maker Education and 3D printers. 

Our research question is "may an educational path based on the realization of artefacts by using 3D 
printers contribute to increase the logical thinking and abstraction skill"?  

2 METHODOLOGY 
Main methodology is the "thinkering", based on the "Think-Make-Improve" cycle [11] starting from the 
resolution of a problematic situation.  Specifically, the three phases can be described in this way: 

• Think - the children hypothesize among themselves and with the teachers, through 
brainstorming, the possible resolutions of a project to be carried out carrying out both 
preparatory activities and graphic - pictorial representations in a traditional way: with coloured 
paper and pencils. 

• Make - children proceed to the realization of the project. In the case of 3D printing, it is both the 
modelling phase with dedicated software (i.e. Tinkercad) and the printing one. 

• Improve - children check the functionality of the product produced. Check whether what has 
been achieved corresponds to what is required. In the event of an error, a discussion phase 
follows to improve the initial design. 

Nevertheless, we experimented that this methodology is more effective in case of a comparison and 
collaboration between peers [7], so collaborative and inclusive teaching methodologies such as Peer 
Education [12] cannot be disregarded. 

Moreover, we observed that there is a connection between the "Think-Make-Improve cycle" and the 
"didactic cycle", including semiotic mediation theory and artefacts use [13]. The phases of the didactic 
cycle, connected with the Think-Make-Improve cycle, are: 

• Activities with the artefacts to solve a given task, which corresponds to the Think phase; in this 
specific case the artefacts are simply daily use material (pencils, papers.) 

• Individual/small group production of signs: i.e. production of signs of different kinds; in our 
project it corresponds to the drawing and programming;  

• Collective production of signs, where the individual productions are shared, which corresponds 
to the "make" phase, where the object is realized, so that we have a new artefact, which can be 
used to solve a new problem and/or may be improved to better solve the initial problem. 

The collective phases are all realized by means of mathematical discussions, in both the cycles. 

In our work, six High school teachers co-planned main activities together with researchers and they 
trained them in the classrooms with their students (two teachers in each classroom). About ninety, 
fifteen-aged students have been involved in the experimentation. Students worked in heterogeneous 
groups, each one composed by 3 students.  

3 RESULTS 
Here we show main results about the activities in the classrooms. 

Teachers assigned problematic situations which correspond to small objects to be realized by using 
the 3D printing. It is fundamental that this object must be representative of the reality. During the 
course, an increasing difficulty is requested to the students: from the simplest case, as the realization 
of a written, to the most complex (the realization of a cup).  

The creation of a product from idea to reality implies not only the acquisition of technical skills but 
offers the opportunity to acquire the mastery of a series of relational goals, of resourcefulness and 
persistence that with traditional teaching can hardly be acquired.  

The "Think phase" is supported in a different way, depending on the initial problems: at the beginning, 
the students were guided through support sheets. Nevertheless, in the final activities, a brainstorming 
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and a prototype design was only shown to the students. They used paper and pencils to have an idea 
about the project. 

The "Make phase" starts with the use of a 3D modelling software: Tinkercad (and a Slicer software, 
Slic3R, as a converter), to project the objects to be printed. 

In Fig. 1 and in Fig.2 there is the project of a written and a cup. 

 
Fig.1 Make phase: project of a written 

 
Fig.2 Make phase: project of a cup 

Some mathematical and, especially geometrical discussions have been carried out in the passage 
from the project to the realization of artefacts.    

The second part of the "Make phase" is the realization of the objects, by using the 3D printer (as 
shown in Fig.3 and Fig.4). 

 
Fig.3 Make phase: the written realized 
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Fig.4 Make Phase: the realized cup 

The 3D printer may be considered as the semiotic mediator to construct a semiotic chain relating 
artefacts signs to mathematics signs, expressed in a form that is within the reach of students.  

After the executive phase, a reflection one took place. It is the metacognitive phase that serves to fix 
the acquired elements by providing a conceptual framework for the student’s experiential work.  

The teachers concluded the course by summarizing the key concepts, provided indications for the 
study and further details, guided the students towards a self-assessment of their personal learning. 

A questionnaire (11 questions) has been asked to the students, in order to evaluate the effectiveness 
of the course. We focus our attention on two specific questions, which are strictly connected with our 
research question: is this approach good to improve the logical thinking? 

a) Did you analyse main elements, in the project phase (which is part of the make one)? 
b) Did you reflect on them (always in the project phase)? 

About ninety per cent answered affirmatively to this question (89% the 1st one and 86% the second 
one), so confirming an improvement of the logical thinking and abstraction skill. 

4 CONCLUSIONS 
An educational learning unit has been planned, together with researchers and six High School 
teachers, focused on Maker Education and 3D printer, in order to improve the logical thinking and the 
abstraction skill. The unit has been experimented with about ninety fifty aged students. Main activities 
were focused on problem solving and reality modelling. Think Make Improve cycle has been 
integrated into the didactic cycle, to enhance logical and mathematical skills. By analysing the 
students’ activities, we deduced an increasing tendency to the Geometry learning. Moreover, we 
observed that the 3D printer has a fundamental role as semiotic mediator.  
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