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Abstract 
This paper was made on first three semesters students of the School of Engineering, National 
Autonomous University of Mexico, who study mathematics, physics and chemistry subjects, in which 
there is speculation that their contents have a high degree of abstraction. 

In two teaching projects developed from 2012 to date, have promoted the construction of a simple 
mechatronic or instrumentation models and prototypes by students under their teacher’s tutelage, 
putting into practice the didactic strategies known as problem-based learning, PBL, and collaborative 
learning, CL, in order to enhance some deficiencies presented in the passive learning. This idea 
proposes to address a real problem that does not have a single solution procedure. It requires that the 
student who is involved in the search for the problem’s solution, make its mathematical modeling, and 
build a physical prototype of this solution from an interdisciplinary perspective. 

It starts of the assumption of solving a question that causes perplexity and at the same time presents 
difficulty to the student (Schoenfeld, 1992), which are attributes that characterize a real problem. It is 
necessary for the student to present three important attitudes to solve it: 

a) Get involved in obtaining the solution of the problem; 

b) Look for mathematical means to reach it; and 
c) build its physical prototype. 

One of the hypotheses of this work is that the benefits in the student’s learning that provide PBL far 
exceed those offer by the resolution of a traditional problem, because this requires much more than 
the application of algorithms of formulas. 

To improve student learning in an unconventional way, it is proposed: 

a) the development of a project of design and construction of physical prototypes; 
b) a change of attitudes in the students and teachers before the academic work; 

b) to adopt an interdisciplinary thinking; 
c) to create a collaborative vision; 

d) to influence the training of academic staff in non-traditional teaching methods. 

It is important to provide to the students support by means of specialists lectures, articles of the 
subject and a special advisory service looking for the understanding of modeling and simulation 
process, and the need of carry it out correctly. 

Keywords: problem-based learning, collaborative learning, modeling and simulation of physical 
phenomena. 

1 INTRODUCTION 
The Basic Sciences Division of the School of Engineering of the National Autonomous University of 
Mexico, UNAM, for its acronym in Spanish, is the entity responsible for the subjects imparted during 
the first semesters of curricula of all engineering careers. In this Division students take, during the first 
three semesters, he subjects in the fields of mathematics, physics and chemistry. These subjects are 
presented to the students in a highly abstract way. Due to this situation, more than half of the students 
find it difficult to obtain a learning outcome that they can associate with reality, and use as a basis for 
better understanding subsequent subjects of the Engineering Sciences and Applied Engineering 
fields. 

The PE109415 project "Problem-based and collaborative learning applied to enhance the basic 
sciences student performance" (Aplicación del aprendizaje basado en problemas y el colaborativo 
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para potenciar el aprendizaje de los alumnus de ciencias básicas, in Spanish), corresponding to the 
Innovation and Teaching Improvement Projects Support Program, or PAPIME, for its acronym in 
Spanish, has the aim of giving teachers an option for the learning of the subjects they teach, beyond 
what has been learned in the laboratories, since it is intended to develop activities based on PBL and 
CL, in order to develop competencies that can hardly be developed in a classroom in the traditional 
way. 

The most important activities in this project are to promote the development and manufacture of 
prototypes among students, where they can integrate conceptual elements and apply them through 
the modeling and simulation process, as well as to develop teamwork skills. 

In PBL theory, it is the teacher who must change his role and become a facilitator: he shifts from the 
paradigm of teacher-centered learning to student-centered learning. With this guiding idea, the 
objective is to attenuate the abstract situations typical of pure mathematics and to improve student 
learning by providing real meanings that mathematical modeling can bring. 

Making the basic science’s teachers aware of the benefits of these two learning strategies is another 
important aspect of this project, so that students can better link theory and practice and, thus, 
contribute to a solid lifelong learning. 

2 DEVELOPMENT 

2.1 Traditional class exercises in our school 
It is widely known that the methodology of teaching in the first three semesters of the School of 
engineering is characterized by being predominantly expository and traditional, aspects that are 
reflected in the way the students solve applicative exercises in subjects involving mathematics, such 
as Mechanics, Thermodynamics, Electricity and Magnetis and Chemistry. 

A considerable number of classic problems, typically sets of textbook exercises, can be solved by the 
direct application of a previously acquired procedure. Common cases are the solution methods for 
ordinary equations in Differential Equations, the decomposition of forces in vector representation of 
forces in Statics, the derivation in Calculus and Analytical Geometry, among others. Usually, this 
procedure corresponds to the routine application of a certain algorithm that does not demand any 
special interest from the student who solves the task. It simply requires the application of automated 
necessary and sufficient techniques to reach to the solution. 

These types of problems provide students with a passive, uncritical and very elementary level of 
learning, since the individual does not actively operate what he learns, he does not need to discern 
relevant from irrelevant information; all the information that appears in the problem statement is 
necessary to solve it and this only requires a low-level cognitive process [1]. 

2.2 Application of PBL and CL, and the process of building physical models 
As already mentioned, this project aims to put into practice the didactic-pedagogic strategies called 
PBL and CL, a strategies that allows to rectify some deficiencies arisen from passive learning [2]. 

It is true that this idea involves solving a question that causes astonishment, or prompts difficulty to the 
student [3]; but this task also raises the need to solve a certain real problem for which there is no 
previous procedure to find the solution. 

This situation, which involves the challenge of solving a real problem without any immediate 
procedure, characterizes the real problem. So, it is necessary that the student shows three very 
important attitudes: 

a) be interested and involved in the solution of the problem (interest in the vocation of 
engineering); 

b) search for the mathematical resources to obtain the solution (interest in the research); and, 

c) construct a physical prototype that recreates the problem (modeling and simulation process, 
emphasizing collaborative learning). 

These three aspects so far outweigh the benefits of a traditional problem; students learn because this 
strategy requires much more than the routine application of algorithms or formulas. PBL privileges this 
type of ideas as a starting point [2]. 
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2.3 Definition of the project and methodology used in its development 
For more than five years, the projects PE104212 Improving Educational Quality in Basic Sciences 
through Robotics and PE109415 Problem-based and collaborative learning applied to enhance the 
basic sciences student performance of PAPIME's, have promoted the construction of simple models 
and mechatronic or instrumentation prototypes carried out by students under the tutelage of their 
teachers. Symposia, conferences and workshops on these issues have also been organized. 

The promotion of these learning strategies, as well as courses, counseling and workshops related to 
these activities, among other aspects, is made through the publication of the newsletter UNAMente 
Robótica (A robotic mind). This newsletter is part of the same project, and, so far, up to 14 issues 
have been published. 

For the students and teachers involved in these creative activities, the construction of models and 
prototypes, are motivating elements to enter new challenges of their academic activity, as well as the 
publication of teaching materials such as manufactured prototypes manuals and the distribution of 
articles about the ideas that motivated their construction. 

These activities are possible to carry out thanks to the valuable support of a group of students that 
belongs to the Open Robotics Workshop. These students attend the last semesters of their career and 
are performing their social service or undergraduate thesis, and are responsible for providing advice 
related to the design process, as well as the practical details of the construction and manufacturing 
required for prototyping. Their participation is very important, because it contributes to spreading 
information about the activities of the Workshop itself and to help promote CL among their peers. 

Through this series of activities, learning outcomes are expected to improve through a different 
teaching perspective, since it allows to: 

a) have the experience of developing a design project and constructing experimental prototypes; 

b) lead to a change of attitude in students, as well as teachers, towards academic work; 
c) assume interdisciplinary thinking; 

d) create a collaborative view; 

e) influence the training of academic staff towards non-traditional teaching methods; 

f) most importantly, challenge the predominant mental inertia among teachers [4]. 
The photographs shown in figure 1 are some finished and functional models. 

 
 (a) (b) (c) 

Figure 1 Photographs of finished models: a) oil extraction pumpjack, b) stick-slip phenomenon model 
(typical in friction systems), and c) magnetic vibration damper. 

From the result of the meetings and agreements generated by the members of the mentioned project, 
arose the idea of designing and building these prototypes. Based on the consensus achieved through 
these academic meetings, there are three very important characteristics that the prototypes requested 
from the students must possess: 

a) the problems to solve should correspond with the practice of engineering, in order for the 
student to be able to understand and formulate the problem; 
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b) the construction of the prototype must admit more than one solution, that is, the feasibility of 
tackling the problem in several ways and; finally, 

c) the physical construction and development of both, mathematical modeling and simulation, can 
be linked to the modeling process shown in figure 2 [5]. 

 
Figure 2 Modeling scheme proposed by Blum, W. and Leiss, D. 

How do students and teachers deal with mathematical modeling problems? 

The expectations for the impact of the strategy on the learning outcomes of the students involved, 
complying with the three requirements mentioned in the previous paragraph, are directly linked to: 

1 the construction and start-up of the prototype (real phenomenon); 

2 the acquisition of knowledge, concepts, skills and values (cognitive structure); 

3 the realization of the modeling and simulation process (mathematical phenomenon), this aspect, 
perhaps the most important. 

These actions are represented by numbers 1, 7, 2 and 3 of the figure 2. It was thought that these 
interaction activities, (real phenomenon) - (mathematical process), offer the possibility of automatically 
applying the laws and principles of each discipline in the development of the project, regardless of the 
academic level and current circumstances of the students. It was also thought that the more numerous 
and complex the existing relations between the described criteria and the cognitive structure elements 
were, the deeper its assimilation would be [6], depending on the complexity and degree of significance 
of the rest of the modelling process, steps 3, 4, 5 and 6 would be the essentially secondary steps to be 
solved in a trivial way [7]. 

To familiarize students with the work and facilitate the understanding of the modeling and simulation 
process, specialists delivered lectures regarding the subject of modeling and two articles were 
published in the UNAMente Robotica newsletter, edited by the staff of the project themselves. 

In addition, a special advisory service for this activity was provided by last-semester students from the 
same School, focused on meeting the students' needs in order to carry it out correctly. It should be 
mentioned that this advice was fundamental in guiding the activities of the students and their teachers, 
who were in charge of theory courses. The observations made during the counseling and the 
subsequent follow-up of the students’ work were the following: 

1 The skills and abilities that the students develop in the construction of their prototypes, show 
common life level knowledge, in the form of habits, customs, intuitions and needs. Of course, 
these attributes also correspond to a practical knowledge, but not in the sense of a reflexive or 
reasoned practice. 

2 A remarkable imbalance was observed in the students regarding the knowledge of mathematics 
and physics, in which the former predominate strongly. Besides this imbalance, the ability to 
mathematically reason a physical phenomenon is notoriously deficient, that’s the reason why 
the notion of mathematical modelling is disconnected from experimental representations. This 
important aspect of the modeling process remains strongly rooted in the student as a notion of 
reality, where the roles of perception and observation are practically imperceptible. This 
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situation highlights the student's existing deficiencies in the formal representation of physical 
phenomena that lie outside of him. 

3 The notion of prototype design that students generally possess, is a knowledge set regarding 
some of the things they have in hand. However, most of the students do not distinguish the 
difference between the knowledge of reality, –nonmathematical aspect associated with the 
prototype elaboration– and the need to transport these aspects to the process of mathematical 
modeling and its corresponding simulation, that is to say, we do not have the capacity to think 
over the processes shown in Figure 2, called Real Situation – (2: structuring) – Real model (3: 
mathematical formulation) – Mathematical model. 

4 Certainly during the process of constructing physical models, the power of observation is 
strengthened, ingenious measurements are encouraged, and in extraordinary cases, the 
development of classification and comparison skills is accomplished in order to achieve some 
predictions; However, it is very clear that in most cases it is not intended to add the generation 
of some hypothetical–deductive systems, however rudimentary, in order to contrast them 
empirically with reality. 

5 In the oral presentation of the prototype in front of the public, it is common to use ordinary 
language to express complex ideas, which causes lack of precision and clarity in the speech. 

6 The students carried out the processes of constructing the mathematical models of their 
prototypes with the purpose of analyzing and synthesizing the results of empirical inquiries, 
which usually reflected superficial treatment due to lack of theoretical support. This aspect was 
recurring in the case of the pumpjack for oil extraction, as well as the magnetic absorber of 
vibrations, since in its construction it was necessary to put several mathematical and physical 
theories into play. 

7 In some cases, the treatment of mathematical models showed exclusively statistical support, 
such as linear regression based on experimental data. This synthesis of the mathematical 
model of the project tends to cover up the lack of conceptual background. 

Teacher–related observations, which could be indirectly recovered through student opinions, are 
largely centered on their attitudes, understood as learned predispositions that lead them to act in a 
determined way toward their students in certain situations within the teaching–learning process. These 
predispositions are characterized by strong affective components. In this sense, the following can be 
mentioned:  

1 The teachers' attitudes and their actions to try to motivate the students were not sufficient to 
convey in the students confidence on their capacity to carry out this type of projects, nor to 
communicate the students the difficulty of the task to be performed or the degree of effort 
required. We consider this situation to be very important: when carried out properly, the student 
tends to experience great satisfaction when he is able to solve a challenging problem; in case of 
failure in the presence of a hard task that demands a great deal of effort, the student may 
recognize that the error is not a result of his lack of competence. This last attribution will 
encourage him to retry. 

2 Problem solving in small groups, related to conceptual elements associated with projects, was 
not encouraged. Sharing experiences of the difficulties between peers can contribute to discuss 
the difficulties and to understand with less burden of anguish, which results in a growing mood 
during the construction of the prototype. 

3 In general terms, the use of the student's informal knowledge and the use of personal 
procedures and strategies were not considered important in order to adapt them to the 
realization of these projects. 

4 The use of varied didactic resources such as the computer to simulate some simple 
mathematical models was insufficient, in order to facilitate their resolution, either analytical or 
numerical, and to interpret the results obtained. 

3 CONCLUSIONS AND RECOMMENDATIONS 
The experience gained from the work that has been developed over five years shows us that what 
happens in this project takes place in technology: it is increasingly transformed into a system made of 
applied science and typically technological theories. However, student work is not intended to continue 
in the sense of adding the number of prototypes that reproduce phenomena in a small, practical, 
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limited context within a convenient range of what is exposed in a certain course. The most important is 
the understanding of the phenomenon in another cognitive dimension, and this is achieved by 
developing mathematical models and simulations, based on the construction of physical models. 

To date, the emphasis commonly made in the classroom and textbooks, is in the application examples 
and in the evaluation of knowledge and mathematical skills based on exams. These are learning 
actions which have predominated in our courses of basic sciences for more than half century in our 
School. Probably, under the influence of new theories of learning, these aspects have contributed to 
the devaluation of mathematics in the technological area, and to the lack of motivation in the students 
to analyze and study reality. Including a large number of students failure who want an early 
development in technology´s application and to put their creativity and critical thinking into play. 

It is not intended that the PBL should replace traditional learning, which is the main way of teaching in 
this School, but this activity can complement the pedagogical work done by each teacher in his 
classroom in order to show benefits of this strategy, focusing efforts to the development of prototypes 
to have, in the not too distant future, a better professional development of our students of our country. 

The design and construction of prototypes and their corresponding modeling and simulation process 
contribute to the development of professional engineering competencies. This project also 
contemplates the formation of specific and generic competences; one of them is teamwork, in addition 
to emphasizing the methodology of problem solving in engineering, so that students know the design 
process, and develop their projects with the profile of a professional of the discipline. It is possible to 
affirm that the student learns with the applications of this project, since it acquires the capacity to 
adopt the generation of learning (active) and adaptive (passive) as sustainable competitive 
advantages. 
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