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Abstract: 3D printers appear at all types of schools more and more frequently. To exploit them effectively, 
educators must become familiar with their appropriate application in courses. The authors participate in an 
international ERASMUS+ project that intends to assist future (pre-service) teachers in planning and carrying out 
their future teaching activities with 3D modelling through a STEAM-based transdisciplinary approach.  
The main aim of our project is to design, develop, and implement appropriate teaching and learning practices 
using 3D modelling. In order to follow contemporary trends in education, we prefer and promote the learning-to-
learn approach based on "learning to do" tasks. They address 3D modelling in order to enhance learners' 
creativity. To enhance our students' motivation, we invite them to design and develop subjects for their needs. 
A MOOC is a part of the project to support both teacher training and school-based STEAM learning. It aims to 
facilitate instant and worldwide access to STEAM learning. In particular, we pay attention to and respect the 
specifics of partner countries' curricula and teacher training. The tasks and activities address both in-class and 
online courses for future teachers. Our paper contains selected examples. 
As our long-term aim is to concentrate on transdisciplinary education, we develop not only these activities. 
Moreover, we create a repository of high-quality teaching and learning resources as well as their evaluation 
criteria. The dissemination of project results is also premeditated. 
 

 
1. Introduction 

Today's fast technological advancement and constantly changing market needs result in 
pressing calls for flexible education systems that can provide students with the skills needed to 
succeed in the uncertain world they face. The progress in Science, Technology, Engineering, 
Arts, and Mathematics is remarkable and must be reflected in the preparation of people for their 
jobs. STEAM education is accepted as a correct response to these challenges [1]. Leavy et al. 
[2] demonstrate the extensive growth of STEAM-based educational approaches and cases. The 
introduction of relevant content into classrooms must be quick but stepwise, long-lasting, and 
reflect incoming trends. 

One can learn from the current situation in Information Science and its business 
applications. Cedefop's EU skills forecasting model indicates that about 87% of all EU jobs 
needed at least a basic digital skills level in 2021 [3]. During the same period, the demand for 
specific skills grows even faster: GreyViews [4] predicts the growth of the 3D printing industry 
from 11,5 billion USD in 2020 to 47,5 billion USD in 2028. One can estimate an analog 
expansion of jobs requiring 3D-related printing knowledge and skills. 

Schools and universities have to react to these challenges as soon as possible. The 
authors have extensive experience introducing innovative content related to programming and 
information sciences during their careers. 



The appearance of programming languages resulted in mini-languages [5]. The 
introduction of spreadsheets resulted into their incorporation into relevant courses [6]. 

Often, the initiative comes from departments of Mathematics because various advanced 
information science courses exploit mathematics as their background [7]. Recently, Artificial 
Intelligence has served as an example of course innovation [8]. 

This trend is unstoppable. The current booming onset of 3D printers has resulted in their 
more and more frequent appearance in all types of schools. To exploit them effectively, 
educators must become familiar with their appropriate application in classes. The authors are 
members of an international team collaborating on an ERASMUS+ project which assists future 
(pre-service) teachers in planning and carrying out teaching activities with 3D modelling 
through a STEAM-based transdisciplinary approach. Thus, our global aim is to design and 
develop university teacher training courses that facilitate the 3D modelling skills of pre-service 
teachers with various technologies and to reach a wider audience and students through such 
approaches. In addition, they support teacher training in the participating countries and beyond. 

Complex solutions require: 
 To design, develop, and implement teaching approaches with 3D modelling involving a 

variety of technologies and STEAM-based transdisciplinary approaches for future teachers; 
 To promote the learning-to-learn approach by "learning to do" tasks enhancing creativity 

and production of 3D models among learners; 
 To develop a MOOC to support both teacher training and school-based STEAM learning; 
 To facilitate direct access to 3D technology for all interested; 
 To support international cooperation in integrating STEAM approaches into their curricula 

and teacher training. 
To achieve optimum results, we have aimed to motivate particular groups of students 

and be attractive to them and their neighborhoods [9]. In our project, we develop tasks and 
activities for both in-class and online courses for future teachers related to 3D modelling and 
STEAM-based transdisciplinary education, exploiting as much from the existing curricula as 
possible. Then, we evaluate all project activities and resources, train pre-service teachers in 
each participating country, create a repository of high-quality teaching and learning resources, 
develop a MOOC for 3D modelling teacher education, and disseminate project results to a wider 
audience promoting 3D modelling and STEAM education. Finally, we plan to generalize our 
experiences and formulate a series of proposals for all levels of the educational hierarchy. 

In our presentation, we will exemplify the issues and present our solutions. 
 
2. STEAM Education as a Complex Task 

In general, the suggested approach to changes in education consists of four stages [10]: 
First, the constellation of forces leading to the development of 3D-printing-based education is 
discussed. Second, its state-of-the-art and potential links to educational content are discussed. 
Third, the appropriate elements of 3D-modelling and printing are incorporated into courses in 
a way that will depart substantially from patterns characteristic of traditional education. Fourth, 
the implications for educators, educational researchers, policymakers, and educators are 
specified. 

In the paper, we concentrate on the first two stages: finding optimal areas for introducing 
3D modelling and printing in the current curricula and then to enriching them with relevant 
practical exercises. Simultaneously, exploiting 3D allows us to produce real-life objects and, as 
such, to enhance the visual side of learning and demonstrate links between theoretical aspects 
of study content and its application. This means that 3D printers give us a unique opportunity 
to integrate STEAM approaches and comprehend intricate relationships among individual 
courses. 



At the same time, the course developers are supposed to possess identical qualities, i.e., 
to make the complexity understandable. That is why our educational strategy begins with the 
"direct and instant" application of 3D modelling and printing. Below, cross sections of solids 
serve as an example: the theoretical backgrounds are part of the geometry course; the only 
novelty is their transfer to the instructions for the printers. 

Then, the students are given more freedom. In a stepwise manner, they should proceed 
to implement their ideas and knowledge to formulate more complex tasks, find their solutions, 
and come up with their outcomes. From a didactical point of view, this is the most difficult part 
of the transfer. The team members exploit their previous experience with designing and 
implementing problems, demonstrating the relationships between Mathematics and its four 
partners: S, T, E, and A. In our interpretation, the letter E in STEAM stands for Engineering 
and Economics because students' financial literacy also belongs to our goals. 

Therefore, the project is built on the authors' previous experiences with active learning 
such as: 
 Alternative solutions to the same problem [11] by exploring different approaches to solving 

the same mathematical problem and their contribution to students' understanding and 
fostering creativity. 

 Brute-force solutions [12] demonstrating the application of brute-force methods combined 
with IT tools to tackle complex mathematical challenges, enhancing students' problem-
solving skills. 

 Exploitation of spreadsheets for finding large sets of solutions [13] showed how 
spreadsheets can be effectively used to explore multiple solutions to mathematical 
problems, thereby integrating computational thinking into the learning process. 

 Teaching Mathematics as a managerial task [14], where the management analogy was used 
to make mathematics more engaging for students, emphasizing the role of organizational 
skills in education. 

 Recognizing non-explicit knowledge in Mathematics [15] focused on how implicit 
knowledge in mathematics can be recognized and managed to improve educational 
outcomes. 

 Integrating Augmented Reality in Constructional Geometry Lectures [16] explored the use 
of augmented reality to enhance the teaching of constructional geometry, providing students 
with a more interactive and immersive learning experience. 

 Adapting Geometry Education During the Pandemic [17] by discussing the challenges and 
solutions for teaching geometry in a remote learning environment, with a focus on 
maintaining educational quality during the pandemic. 

 Creating tools in GeoGebra software [18] and highlighting the development of custom tools 
within GeoGebra to facilitate the teaching and learning of complex mathematical concepts, 
supporting the integration of technology into the classroom. 

 Utilizing GeoGebra tools for Teaching Monge Projection [19], which focused on the 
application of GeoGebra in this essential topic in descriptive geometry. 

 Developing educational materials for the Monge projection using GeoGebra [20] aims to 
improve students' understanding through interactive and dynamic materials. 

Usually, when discussing mathematical problem solving, Mathematics is primarily 
connected with one application area, i.e., the relationship "Mathematics: Application Area" can 
be described as 1:1. The main task of our research project will be to design problems with 1:M 
or M:N relationships, i.e., to solve problems which require not only application of mathematics 
but also various interconnections among activities which (formally) belong to different fields 
of knowledge and are taught in different subjects. An example of such a complex relationship, 
its formulation, and its solution is described in our paper [21]. 
 



3. Trends in teaching Mathematics in Czechia and Slovakia 

Mathematics education in the Czech Republic and the Slovak Republic is designed to 
be comprehensive and interconnected with other areas of study, particularly within the STEAM 
(Science, Technology, Engineering, Arts, and Mathematics) framework. Mathematics teaching 
places a significant emphasis on interdisciplinary links, ensuring that students can see the 
relevance of mathematical concepts in various contexts and subjects. Recent revisions in the 
educational framework also highlight the importance of digitalization, incorporating modern 
technologies such as 3D printing to enhance the learning experience and develop students' 
digital competencies. 

 
3.1. Basic Principles of Mathematics Education 

1. Development of Mathematical Literacy: Mathematics education aims to develop students' 
ability to understand and use mathematical concepts and skills in everyday life; it includes 
solving mathematical problems and the ability to think logically, reason, and work with 
data. 

2. Progressive Complexity: Mathematics education is structured to be gradual and adapted to 
the age and abilities of the students. In primary school, it starts with simple arithmetic 
operations and gradually progresses to more complex topics such as algebra, geometry, and 
statistics in secondary school. 

3. Application and Interactivity: Mathematics is not taught solely theoretically; there is an 
emphasis on practical applications and interactive teaching methods. They include using 
modern technologies, group work, and projects that connect mathematics with the real 
world. 

4. Individual Approach: Given students' different abilities and needs, an individual approach 
is important; it includes differentiated instruction and support for students with difficulties 
and gifted students.  

3.2. Curicullum Documents 

Several key documents govern mathematics education. The main curriculum document 
is the Framework Educational Program (RVP), which sets the educational goals, content, and 
outcomes for different school levels. For primary and secondary schools, specific programs are 
RVP ZV (for primary education) and RVP G (for grammar schools), detailing the expected 
outcomes and curriculum for mathematics. Based on the RVP, each school creates its own 
School Educational Program (ŠVP), which concretizes and adapts the educational content to 
the needs and conditions of the school. The ŠVP provides a detailed description of how 
mathematics education will be implemented in a specific school. 

Additionally, the ministries of education issue various methodological guidelines and 
recommendations that offer teachers support and instructions for effective mathematics 
teaching. These documents may include recommendations for using modern technologies in 
education or working with heterogeneous student groups. The primary sources of information 
on educational programs and methodological guidelines are the official websites of the MŠMT 
and the National Pedagogical Institute of the Czech Republic, where these documents are 
publicly available. 

In the next sections, we describe how 3D modelling and printing can contribute to 
fulfilling these aims. 

 



3.3. Individual Assignments: Using 3D Printing in Geometry Education – Activity on 
Cross Sections of Solids 

Three-dimensional geometry is rich in problems that can be "completed" using 3D 
printing. These problems mostly belong to the 1:1 category, as specified above, because no 
other school subject needs to be involved for their complete solution. Such tasks can be done 
individually or by pairs of learners because they test narrow knowledge: mathematics and 3D 
printing skills. 

Teaching the concept of cross sections of solids can be challenging, as students often 
struggle to visualize and understand 3D objects and what a planar section of these objects 
means. Traditionally, this topic begins with simple sketches of a cube in a notebook using free 
parallel projection to represent a 3D object on a 2D plane. However, this method can leave 
students without a clear understanding of the 3D object and the practical implications of a planar 
section. 

To enhance students' comprehension of cross sections of solids, we implemented an 
innovative activity using 3D modelling and printing to provide a hands-on, interactive learning 
experience. This pilot study was conducted during the winter term of the 2023/2024 academic 
year, involving seventeen second-year bachelor's degree students specializing in teaching for 
the second grade of elementary schools at the University of Ostrava. 

The activity began with an introduction to 3D modelling, where students were guided 
through creating a solid, such as a cube, using GeoGebra 3D software. Each student ensured 
their model was accurate and then exported it as a .stl file for further processing. This initial 
step aimed to bridge the gap between theoretical understanding and practical visualization, as 
students often find it challenging to conceptualize 3D objects from 2D drawings. 

Following the modelling phase, students were introduced to the PrusaSlicer software. 
They learned how to import their .stl files into PrusaSlicer and slice the solid with a plane. This 
step allowed students to set the slicing plane at any angle and position, making it simple to 
adjust the plane and observe the resulting cross sections. The ease of this process, requiring just 
a few clicks, encouraged students' motivation to explore and experiment. 

After preparing the sliced models, students exported the files as .gcode and printed them 
using a 3D printer. This hands-on approach enabled students to physically observe and 
manipulate the sliced solids, providing a tangible understanding of how a plane intersects a 3D 
object. By manipulating the printed sliced models of the cube, students can discover basic 
principles that will later help them solve tasks in parallel projection. For example, they will 
understand that the intersection of two parallel planes with a third plane that is not parallel to 
them is the intersection of two parallel lines. This experiential learning method significantly 
enhanced their spatial reasoning and visualization skills. 

Students worked in pairs to further deepen their understanding and explore different 
slicing angles and positions. They were provided with research questions to guide their 
exploration, such as determining the shapes that may result from slicing a cube with a plane, 
creating slices that form regular polygons, and identifying special cases. Through practical 
experimentation, students discovered that slicing a cube could result in various polygons, 
including triangles, quadrilaterals, pentagons, and hexagons. They documented their findings 
and shared their results with the class, fostering collaborative learning and discussion. 

This activity aligns with the STEAM approach by integrating technology and 
engineering principles with traditional mathematics education. 3D modelling software and 3D 
printing technology encourage students to engage in engineering design processes, fostering 
creativity and problem-solving skills [22]. By incorporating artistic elements in the design and 
visualization of geometric shapes, the activity also touches on the art component of STEAM, 
promoting a holistic understanding of complex concepts [23]. 



The benefits of this activity extend beyond understanding cross sections. It supports 
students in grasping geometric relationships and spatial configurations, which are essential for 
solving positional tasks in space [24]. It also improves their comprehension of 3D objects' 
representation in 2D, which is fundamental for fields such as engineering, architecture, and 
computer graphics [25]. Furthermore, developing spatial reasoning and visualization skills is 
critical for success in STEM fields and is linked to enhanced problem-solving abilities and 
academic performance in mathematics and science [26]. 

Figure 1 3D modelling and printing activities on Cross Sections of Solids 



3.4. Assignments for Pairs: Creative Tangram Design Using 3D Printing in 
Geometry Education 

Tangram is an ancient Chinese puzzle with seven geometric shapes known as "tans." 
These shapes – triangles, squares, and parallelograms – can be arranged into various patterns 
and images. Using Tangrams in education has been widely recognized for its ability to develop 
spatial imagination, geometric reasoning, and creative problem-solving skills. Research has 
shown that working with Tangram pieces helps students improve their understanding of 
geometric shapes, relationships, and patterns while also fostering their ability to solve geometric 
problems through hands-on activities [27]. 

In the field of geometry education, Tangrams are a valuable tool for teaching geometric 
transformations and helping students discover the relationships between polygons. By 
manipulating the pieces, students enhance their logical thinking and strengthen their 
understanding of geometric concepts [28]. 

In this activity designed for future mathematics teachers, students are tasked with 
creating their own variation of a Tangram puzzle using TinkerCAD software and 3D printing 
technology. This process combines creativity with technology, allowing students to gain 
experience in 3D modelling while also developing their digital competencies [29].  Students 
begin by designing unique Tangrams in shapes such as hearts, eggs, or other creative forms. 
TinkerCAD, an intuitive software, enables students to model various polygonal shapes that can 
later serve as educational tools in their teaching practice. 

After completing the design, students export their models as .stl files and prepare them 
for 3D printing using PrusaSlicer software. This hands-on approach allows students to 
experience the full process from design to final realization. Once the models are printed, 
students can work in pairs, exchanging Tangrams and attempting to assemble the provided 
puzzle, or they may collaborate from the very beginning by jointly designing their Tangram. 
This approach promotes early-stage teamwork, encouraging idea-sharing and cooperative 
problem-solving, which enhances collaboration, analytical thinking, and creativity throughout 
the process. 

We suggest using this activity as a motivational task before beginning lessons on 
planimetry. When students assemble Tangram puzzles, they engage with various types of 
polygons in a fun and interactive way. They can explore metrical relationships, such as internal 
angle measurements and positional relationships, by connecting different types of polygons to 
form larger shapes. The complexity of the task can be gradually increased, for example, by 
asking students to create Tangrams in the shape of a heart or an egg, where part of the polygon 
transforms into a circular sector. 

An important aspect of this activity is its alignment with the STEAM approach. By 
integrating creativity, technology, and geometry, this activity encourages students to engage in 
artistic design while solving mathematical problems. 3D printing technology fosters 
engineering skills, while the Tangram pieces' design and assembly engage students in scientific 
inquiry and creative exploration. This interdisciplinary approach promotes a holistic 
understanding of complex concepts, helping students see the connections between different 
fields of study. The focus on hands-on learning, problem-solving, and creative expression 
makes this activity an excellent example of the STEAM framework in action. 

The intuitive connection between 2D and 3D space is another essential aspect of this 
activity. While modelling, students work with different types of polygons in a 3D environment, 
such as polyhedra (prisms with polygonal bases). This process gives them practical experience 
that enhances their understanding of more complex geometric concepts, preparing them for 
applying these skills in their future teaching practice. 

This activity not only encourages creative problem-solving but also supports the 
development of digital literacy and geometric thinking – key skills for modern mathematics 



teachers. Using 3D printing and modelling in creating Tangrams allows students to better 
understand the relationship between 2D and 3D space while deepening their geometric 
knowledge and skills. By aligning with the STEAM approach, the activity allows students to 
integrate creative design, technological tools, and mathematical reasoning, making it an 
effective and engaging educational strategy. This approach is suitable for implementation at 
various educational levels, where students can discover new geometric concepts through hands-
on exploration. 

 
3.5. Group Assignments: 3D Modelling and Printing – a Base for Collaboration  

Contemporary educational methodologies underline the need for multifaceted tasks that 
an individual can hardly complete. 3D modelling and printing offer an excellent solution for 
such problems. In the above mathematical problems, the printouts have been directly specified 
by their mathematical properties. At the same time, real-life objects are rarely regular, and 
formulas do not define their shapes. As a result, several specialists must be invited to complete 
them, and the solution is made in stages [21]. 

Our example task is to create medals for a large school sports competition. First, it is 
transformed into a group project. The student team(s) are asked to resolve it using 3D printers. 
The medal's look and size are exclusively upon the group's decision. The outcome requires role 
distribution, planning, and collaboration. At least five roles have to be established: 
Mathematician (all needed numerical calculations), Scientist (selection of material with 
required qualities), Economist (financial planning and cost calculations), Artist (design of 
medals), Engineer (3D printing). 

There is an optional plan of work: 
i. The manager must learn the number of medals and other requirements of event 

organizers. 
ii. The medal designer then prepares and proposes several sketches for approval by the 

sports event's organizing committee. 
iii. The technologist analyzes the feasibility of producing the selected pattern and specifies 

the most appropriate material, medal dimensions, weight, durability, and other 
technology factors. 

iv. They choose the filament and its amount for each of the three medal types, and the 
manager must ensure its delivery. 

v. The medal design is transformed to be prepared for 3D printing. 
vi. The first samples are shown as the pattern to the organizers for final approval. After their 

consent, the requested number of medals is printed out. 
Task division is part of the problem solution and should be done by the students. Notice 

that the mathematician is not directly mentioned in any of the above subtasks. Nevertheless, 
without him/her, the whole problem would not be solvable.  
 
4. Conclusion 

The above examples of individual, pair, and group tasks indicate a high potential for 3D 
modelling and printing in education. These experiments were done at the university level, but 
other experiences indicate that STEM-oriented teaching can be successfully completed at 
elementary schools, too [30]. 

Our observations, as well as positive feedback from the questionnaires, suggest that 
actively incorporating 3D modelling and printing into the classroom increased student 
motivation and engagement in exploring spatial relationships. This practical experience of 
solving real problems in a tangible space prevented potential misunderstandings in the 
interpretation of 3D objects, which are often represented in 2D tasks. Thanks to the printed 



models of positional problems, students could verify their existing theoretical knowledge while 
also discovering new concepts. Using tools such as GeoGebra, TinkerCAD, and PrusaSlicer, 
they could increase their digital competence, deepen their understanding of geometric 
relationships, and improve their spatial imagination and reasoning. Such an approach, rooted in 
the STEAM framework, proved beneficial in fostering creativity, problem-solving skills, and 
collaborative learning, indicating its wider applicability in other fields of education. 
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