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Abstract 
Several theories focused on meaningful and experience based learning, suggest that students must get 
fully involved in their own learning development. When teaching abstract concepts of Physics and 
Mathematics is very difficult to keep the motivation and interest of students since they expect to receive 
knowledge with an obvious applicability to their own conceived reality. Then, the teaching-learning 
experience of exact sciences represents a challenge for teachers at undergraduate level, in universities 
where professionals with a well-demonstrated formation are produced. In this work, an educative 
experience developed at the Tecnológico de Monterrey Campus Estado de México (ITESM-CEM) is 
shown. This educative experience consists of using 3D printing tools for sophomore Physics and 
Calculus courses. The 3D physical models have a great impact on the teaching-learning process, since 
they help into the understanding of complex concepts in Physics and Calculus of one and several 
variables. The results imply new perspectives during teaching of exact sciences. Finally, the work 
developed by the students is analyzed, and the results are discussed. 
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1 INTRODUCTION  
Since the early years of humankind, mathematical and physical modeling has been used. Modelling has 
help students into the understanding of real world phenomena. Recently, by reviewing several learning 
theories such as: 1) learning significance that Ausbel (1963) describes through four basic pillars: 
inclusion from a previous cognitive structure, relationship with the structures of advanced thinking, 
experience based relationships with objects and events and an affective relation with knowledge. 2) 
Learning by doing, not just by listening or looking, not only by reasoning or feeling but trying to involve 
students with an experience that demands their full participation, in other words, to learn through 
experience and using all the senses, the student must get fully involved on the task of knowing, 
understanding and doing research on particular phenomena. Besides this, with 3D printing, Lacey 
(2010) suggests that these type of activities show the students some processes that recently are used 
in the industry for designing and manufacturing products. Through these activities, the students with 
different skills can work together to achieve a common goal. Knill and Slavkosky (2013) suggest that 
during teaching of mathematics, the visualization of figures and models can help students to express 
the ideas even before developing the mathematical structures that will be required. This way, the 
physical models are important for active learning and for this reason, 3D printings will be used to illustrate 
complex concepts of Mathematics and Physics. 

Mavromanolakis (2015) mentions that making 3D printings will stimulate the curiosity and interest of 
students; it helps them to gain a sense of commitment and motivates them to continue the study of 
science, technology and mathematics courses and it constitutes an opportunity for the professors to 
achieve the learning of course contents and concepts through an innovative learning experience. When 
building the 3D models, students become creative, learn to use technology that is being applied on 
several areas in order to solve specific problems. In addition, the students are able to work in teams and 
solve problems when they have to design, model and print their own prototype. This is a learning based 
experience of Physics and Mathematics. 

On the other hand, at the university of ITESM(2010), the strategic plan of 2020 from the Instituto 
Tecnológico y de Estudios Superiores de Monterrey (ITESM), the main goal which defines the 
Educational Model Tec21 is: “To offer an integral education and competitiveness of students in their 
professional field of study through enhancing the skills of future generations in order to develop the 
needed competencies that allow them to become the type of leaders that can find solutions to 
challenging situations and opportunities that arise in the XXI century”. Besides, the competencies for 
each field of study are described, and transverse competencies are defined for every major. These 
transverse competencies are leadership, problem-solving skills, ability to work in teams, etc. The goal 
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is to boost experience based learning and interdisciplinary learning through projects, challenges and 
through building bridges with the industry. 

2 METHODOLOGY 
This work has been developed in four stages: The first stage was developed on 2017, where we 
determined on which courses the strategy would be applied during the fall semester of 2017 and the 
spring semester of 2018. The main goals of these courses were to motivate the interest and creativeness 
of students, and to teach them certain aspects of their curriculum, which can be developed from an 
unconventional approach. We started by gradually showing the students the use of software such as 
Desmos, GeoGebra and Mathematica. The students are assigned with the construction of a prototype 
in teams of four students, where they have to analyze, design and build by using 3D printing tools. In 
Table 1, the chosen concepts of every course are shown, and where a positive impact on the students 
was desired, as well as the prototypes in which the 3D printing tools would be used. In addition, a set of 
activities were designed, and they provided support for the courses and development of evaluation 
forms. For each course, the main areas that would be treated with the prototypes were proposed. On 
this work, we were focused on the fact that the integration of Physics and Mathematics would provide 
support to the student, in order to understand concepts of Physics and Mathematics and to gain interest 
on the analysis of physical phenomena. Teams with four members were constituted and these teams 
could be formed by selecting students from the two groups of students available to us. Each of these 
teams developed the assigned prototype. 

The second stage was developed during the fall semester of 2017 for the Physics I and Physics III 
courses, Mathematics I and Vector Calculus. The proposed activities were improved during this period. 
Four groups with a total of 102 students were formed. The third stage was developed during the spring 
semester of 2018, which was implemented for the Physics II and Physics III courses, Mathematics II 
and Vector Calculus. In this case, 92 students were enrolled in these courses. On the second and third 
stage, each team of students was assigned with a specific prototype as a part of the final project for 
every course. Figs. 1 and 2, some of the prototypes built and designed by the students, are shown. The 
mathematical model related to the prototype, was developed by the students and received feedback 
from the professors in order to recommend improvements and corrections before the 3D printing 
process. The students were trained in the use of software such as Desmos, GeoGebra, Mathematica, 
and Autocad. Additionally, they were trained to modify their own code for 3D printing.  

The final stage was related to the evaluation of prototypes, which was distributed over three periods: 1) 
Design: development of mathematical equations that describe the prototype. 2) Graphical generation of 
the 3D prototype, 3) File transformation to the stl extension and 3D printing, and 4) Practical unit, where 
the efficiency of each prototype was verified by doing the needed experiments on Physics and/or 
Mathematics. 

The concepts learned in the courses and use in each stage were evaluated through exams and 
activities. The evaluation of the prototypes had a significant impact on the final grade of each course 
and the assigned activities represent an 80% of the final grade. A selected jury evaluated the prototype 
at the end of the semester, and they were presented in a Science Festival that takes place at primary 
schools nearby the Tecnológico de Monterrey. 

Three aspects were considered for evaluating the impact of technology usage and the 3D models on 
the Physics and Mathematics courses: 1) Quantitative comparison of results between the initial and final 
exams, on the subjects where 3D printing was used to illustrate complex concepts that are used in 
several occasion during the semester. For example in the course of Vector Calculus, the graphics of 
functions with several variables are used at the beginning of the course, only as a graphical 
representation of functions and at the end of the course these graphics are used to obtain the integration 
range. 2) Qualitative comparison of the students’ performance as a part of a team when developing their 
own prototypes and final evaluation of the courses. Here, the performance, quality of the student’s work 
within the team and development of competencies and skills. 3) Surveys on the students opinion about 
the quality of the learning abilities developed during the realization of the project, were realized. An 
example is shown in Fig. 3. 
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Table 1. Courses and Prototypes. 

Physics I Mathematics I Prototypes 

Rotational dynamics Polynomial functions Systems of pulleys 

Vectors: Mechanical Equilibrium Trigonometric functions Gears 

Parabolic motion Differentials Analysis of structures 

Center of mass  Centre of mass 

  Catapult 

Physics II Mathematics II  

Hydrodynamics Volume Venturi’s apparatus 

Sound Arc length Clepsidra 

Oscillators Surface area Aerodynamics Apparatus 

 Applications of Integrals Musical instruments 

  Physical pendulum 

  Chess 

Electro Magnetism Vector Calculus  

Faraday’s Law Plotting functions of one 
and more variables 

Eolic generation of 
electrical power 

Vectors: Mechanical Equilibrium Quadratic surfaces Telescope 

Parabolic motion Applications of double and 
triple integrals 

Proto-board for circuits 

Center of mass  Gauss’s Canon 

3 RESULTS 
Through a comparison between the initial and final exams obtained from the students enrolled in the 
Mathematics courses, a significant improvement is observed, on the answers related to subjects in 
which 3D printing was used. For example, when asking the students on the subject about graphical 
analysis of functions of several variables, from the total number of students that did not replied correctly 
on the exam at the beginning of the course, 87.5% are able to plot correctly 3D functions in the final 
exam. However, the students enrolled in Mathematics courses that did not offer 3D printing tools, just 
25% of them are able to respond correctly. Similarly, out of the 100% of the students of Mathematics II 
that were not able to provide correct answers regarding the subject of solids of revolution, 82% of them 
are able to answer correctly on the final exam, while 35% of them provide the correct answer on those 
groups of students enrolled in the typical courses. 

The problems on Newtonian mechanics are not particularly appealing for students, since they do not 
observe direct applications of this subject. Using prototypes, the students showed more interest in the 
subject. The parts and devices needed for experiments in Electro Magnetic theory for example, are very 
expensive and sometimes are very difficult to find; however, through 3D prototypes, these type of 
problems can be avoided. Additionally, since the students need to develop a 3D printing model to 
perform experiments, they are able to use their knowledge of Mathematics and Physics. At the end of 
each semester, a Science Festival takes place at primary schools, which are nearby the Tecnológico 
de Monterrey. At these schools, the students had the opportunity to show their prototypes and provide 
explanations based on physical and mathematical laws, to children between 6 and 12 years of age. 
Additionally, professors from these primary schools were able to evaluate the students’ performance.  

1624



 
Figure 1. Physics 1 and Mathematics 1 Prototypes. 

 
Figure 2. Vector Calculus and Electro Magnetism related Prototypes. 

Qualitative evaluation of the student’s performance and development of skills was elaborated between 
teams of students, by the professors who were part of this project and the professors of the visited 
schools. Among the skills that were evaluated: leadership, ability to work in teams and problem solution 
skills constitute the main competencies.  The quality of the proposed activities was evaluated through 
the analysis of the answers provided by the students from the fall semester of 2017. Based on this 
survey, some improvements were applied to the activities assigned to the students of the spring 
semester of 2018. However, the need to improve the quality of 3D impressions was detected, given that 
some of the parts of the 3D models experienced mechanical failure and in some cases, liquids could 
travel through the walls of the 3D model due to the porosity of the plastic used during the printing 
process. The results from one of the surveys applied to the students, is shown in Fig. 3. The students 
were asked on their perception of the course by using the following items: the assigned activity is 
interesting (Act), the work done by the professor (Trab), course organization (Org), proposed goals were 
achieved (Obj), reasonable time to perform the activities (Tiem), and planning (Plan). 
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Figure 3. Students’ opinions on the course and 3D printing based activities. 

4 CONCLUSIONS 
Through the use of software and prototypes for 3D representations on Mathematics and Physics 
courses, complex and abstract concepts related to these courses can be understood from a very 
different perspective. Particularly, representations with Mathematica and GeoGebra allows the student 
a wide variety of interactions for exploring abstract concepts. Additionally, these representations support 
the development of mathematical thinking. In addition, through the design and development of several 
3D prototypes, the students were able to apply and integrate their knowledge for building real objects, 
previously designed and modeled by using concepts of Mathematics and Physics. 

Engineering schools play a key role for developing creative and critical thinking, and universities should 
pave the way towards a culture of discovering, designing and building. These schools should motivate 
their students to pursue impossible goals and to generate a sense of responsibility for the continuous 
renovation of society. This work is expected to make its modest contribution for achieving such goals.   
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