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Abstract 
In this work, the adopted curricular integration scheme is shown by considering the physics and 
mathematics courses that belong to undergraduate engineering programs offered at Tecnológico de 
Monterrey. Challenge based learning was the methodology used, where a real situation provides the 
motivation for course development, support problems and the origin of learning modules. This scheme 
was implemented during the spring and fall semesters of 2016 with the integrated blocks of courses 
formed by Mathematics and Physics 1, Mathematics and Physics 2, and Mathematics and 
Electromagnetism, where 130 students were involved. The type of challenges solved by the students 
were used to promote science on primary schools with limited economic resources in the northern part 
of Mexico City. The events related with the promotion of science were: “Kids day, science day”, 
“Science Festival” and “Science Party”. Finally, results on the development of skills gained by the 
students are also shown.    
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1 INTRODUCTION 

1.1 Statement of the Problem 
Generally speaking, the topics covered on the physics and mathematics courses have very little or no 
relation between them. In this way, the possibility that the students develop analytical skills from two 
different perspectives that usually are complementary between each other, is lost. This will decrease 
the student’s capability to solve complex problems. Previous results, indicate that the reduced 
applicability of the content of physics and math courses, which are more algorithmic oriented, to real 
life problems and the lack of a solid background on basic prior knowledge are key factors that have an 
impact on the academic performance on these areas, which is the cause of poor knowledge retention 
and a lack on the motivation to study these areas.    

There have been also important changes on the methodologies for teaching science related courses, 
which include the frequent use of technology and new teaching techniques. With technology, it is 
possible to boost the proper learning of physical and mathematical concepts through different 
platforms and social networks. New teaching techniques, suggest using challenges or real society 
problems that motivate the student to offer solutions based on skills and knowledge on several areas, 
already gained by the student. One of these techniques is challenge based learning. Also, curricular 
integration has proved to have advantages on the teaching of basic sciences and provides an avenue 
for teaching and learning that includes technology and new teaching techniques.  

In a few words, present courses in the areas of physics and mathematics do not have some type of 
integration that allows the students to solve real problems. Also, there is a lack in motivation to study 
these areas of human knowledge. The proposal on this work, is to use the curricular integration on 
physics and math courses through challenge based learning which allows to boost the analytical skills 
of the students and to improve their motivation that comes through the potential solution of real life 
problems.     

1.2 Goals of research 
• To study the development of analytical skills which is caused by solving complex and 

challenging situations in our society on integrated courses of physics and mathematics 

• To determine the effects of these challenge based courses on the academic performance and 
motivation in junior students  
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2 THEORETICAL BACKGOUND 

2.1 Theoretical Framework 
According to [1], a competency is the integration of discipline related knowledge and methodologies, 
as well as the skills, attitudes and values which will allow to deal successfully with structured and 
uncertain situations that may also involve mental processes of greater order such as: analysis, 
evaluation and creation, logic reasoning, critical thinking, problem solving skills and creative thinking. 

From this definition the educational model Tec-21 from Tecnológico de Monterrey [2] is created, 
whose main goal is to boost the development of specialized and transverse competencies through real 
life challenging situations. The transverse competencies or skills are developed through all the 
undergraduate experience of the students and are intended to be useful on later life, and to have a 
direct impact on the ethics and quality of their professional lives. The discipline related skills are 
related with the knowledge, attitude and values that are specific of each profession. Another two main 
characteristics of this educational model are the flexibility on how, where and when the learning and 
teaching process is realized, and with the use of new technologies. 

Recently, new technologies and didactic techniques have been used to design courses with expected 
results on the generation and/or the strengthening of high level analytical skills [3]. Some studies show 
that students gain a deeper understanding of the mathematical concepts, since this environment 
allows the development of technological skills, which can also be used for the student’s benefit [4]. 
Another possibility is to learn mathematics within a context, where it is merged with other disciplines. 
Some studies related with the Principia program at Tecnológico de Monterrey, Campus Estado de 
México, show that students are able to develop better ways apply mathematics when this discipline is 
learned through problems related with other areas of knowledge [5]. The main goals of this project 
were to follow the learning progress in mathematics and physics, to use new information technologies, 
use new educational techniques in related courses and to stablish an educational model for 
engineering students that incorporates the basic curriculum belonging to these areas of science within 
the junior years. In the Principia model, a learning and teaching methodology with good results was 
developed, where the fundamental goals were, learning based on research and the solution of 
problems, supported by the use of technology [6]. 

Challenge based learning (CBL) is a methodology that comes form problem based learning (PBL) 
which is commonly used for the development of transversal and discipline related skills. In this 
methodology, a challenge is a real life experience specifically designed to expose students to an 
appealing and challenging environment, this is a situation that demands an answer or solution, it has 
meaning and presents a challenge to the student’s intelligence. It is a situation that demands team 
work where several disciplines may be involved and it does not have a unique solution [1]. In CBL the 
participation of all team members is required, it involves real needs and interests from the institution, is 
of formative character, the strategy for the solution of the particular challenge keeps the motivation of 
students, it demands critical thinking and is applicable to all disciplines, allowing a natural interrelation 
between them. In this environment, the students are more aware and responsible for their learning 
and are able to apply on their own, the knowledge and skills obtained in class, to solve real projects 
[7]. The didactic triangle shown in figure 1, is based on this approach. In this figure, it is observed that 
a challenge allows to merge or integrate the students with their surroundings and their professors, 
promoting the development of several discipline related and transverse related skills.    

 
Figure 1. Challenge didactic triangle 
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CBL is therefore a starting point for major changes on teaching and learning with are demanded by 
society, given that it allows to develop the necessary skills for solving complex real life problems [1]. In 
general, CBL is formed by prototype challenges and learning modules which are necessary to solve 
the particular situation. In table 1, a similar scheme to the one shown in [1], is illustrated with a 
challenge for a whole semester or term, the challenges and support problems and the associated 
modules (M1, F1, M2, F2, etc.). 

Table 1.  Scheme for a term or semester, based on challenges 

Challenge of semester type 

M1 M2 

E
val, 1 

M3 M4 

E
val. 2 

M5 M6 

E
val. 3 

C
hallenge 

E
valuation 

F1 F2 F3 F4 F5 F6 

Partial challenge 1 Partial challenge 2 Partial challenge 3 

3 METHODOLOGY 
This work was performed on four different stages. The first one, was developed during the fall 
semester of 2015, which consisted on the selection of a challenge for the entire semester, where the 
content of the Physics II and Mathematics for engineering II courses were integrated, the partial 
challenges and learning modules for the integrated course IC-2 were designed. On the second stage, 
this course was offered during the spring semester of 2016. In this semester the third stage was 
performed, which is similar to the first stage, by designing the integrated courses IC-1, with Physics I 
and Mathematics I and the integrated course IC-3 as well, which is formed by the Electromagnetism 
and Mathematics III courses. The fourth and last stage took place during the fall semester of 2016, 
where the integrated courses IC-1 and IC-3 were offered. 

3.1 Course Characteristics 
In table 2 the scheme of the integrated courses is shown, along with the main challenge, the partial 
challenges and associated modules. 

Table 2.  Integrated Physics and Math Courses 

Course I. Type of Challenge: Science Fair in Limited Socioeconomic Areas 

Partial Challenges Scientific Workshop Scientific Apparatus Scientific works 

Math Modules M1: Desmos- 
functions 

M2: 
Vectorial 
function 

M3: 
Derivative 

M4: Derivatives 
Mathematica 

M5: 
Applications 

M6:  
Basic 

Integration 

Physics Modules 
F1:  

Motion 
F2: 

Circular Motion 
F3: 

Newton 
F4: 

Kinematics 
F5: 

Rotational 
F6: 

Work 

Course II. Challenge Type: Children Day, Science Day 

Partial Challenges Games and Toys Mobile Museum Scientific theater 

Mathematical 
Modules 

M1: 
Differential 

M2: Methods 
M3:  

Double Integral 
M4: 

Series 
M5: 

Fields 
M6: 

Taylor 

Physics Modules 
F1: 

Hydrostatics 
F2: 

Work 
F3: 

Oscilator 
F4: 

Heat Transfer 
F5: 

Hydrodynamics 
F6: 

Waves 
Course III. Challenge Type: Science Fair in Poorly Developed Regions 

Partial Challenges Workshops Scientific prototypes History of science 

Mathematical 
Modules 

M1: 
Vector Fields 

M2: Functions 
of Several 
Variables 

M3: 
Mathematica 
and functions 

M4: 
Derivative 

 

M5:  
Multiple Integral 

M6: 
Path Integral 

Physics Modules 
F1: 

Gauss 
F2: Electric 

Field F3: Magnetism 
F4:  

Potentia 
F5: 

Biot-Savart 
F6: Ampere 
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A major problem in our country is related with the diffusion of science, which is practically not existent 
in limited socio economical regions. For this reason, the kind of challenges that belong to the integral 
courses are related with promotion of science for children with limited resources. In this challenge, the 
students must design several events that are focused on science promotion in primary schools in Villa 
del Carbón and Atizapán in the State of Mexico. 

The goal of each partial challenge is to support the semestral challenge or main challenge through the 
elaboration of all necessary materials for the events that will take place. In table 3, some of the partial 
challenges are described. 

Table 3.  Partial Challenges 

Scientific 
Toys  

Build and design scientific toys. For a proper design, students must apply their 
knowledge on physics and math 

Scientific 
Workshops 

Develop and plan workshops for science promotion that involves topics on science 
areas such as mathematics, chemistry, biology and physics. The main characteristics 
must consider subjects that already have been covered on the integrated courses, these 
workshops must be appealing and interactive and a guide should be designed with 
simple explanations that can be understood by any person.  

Mobile 
museum 

To plan, design and build a mobile museum with several interactive posts that contain 
historic devices such as clepsydra, Tesla coil, wind generator, Van der Graf generator, 
traveling waves, photovoltaic cells, and magnetic levitation to mention some 
experiments.The prototypes must be interactive, attractive and easy to manipulate 

Theatrical 
Play 

To write a script and elaborate a theatrical play of some important events in the history 
of physics and/or mathematics, where the concepts covered in the integrated courses 
must be present. Use a simple, language since this play will be addressed to children 
between 10 and 12 years of age. 

The modules considered existing materials from different authors that contain didactic proposals that 
are designed based on the CBL philosophy. For example, in Physics I, [8] was used and in 
Mathematics I and II for engineering, texts [9,10] were used, since they all share the teaching 
methodology based on problem solving skills. Additional materials were placed on the Weebly 
platform. As an example, in figure 2, a support material made for analyzing lines tangent to curves in 
the Desmos package, is shown. 

 
Figure 2. Support material elaborated by using the Desmos software 

On each module the methodology of problem solution was used. For example, in table 4, some 
activities are briefly described. 
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Table 4.  Activities related with problem solution from modules of the integrated course IC-2 

Game of 
chess 

By using the Mathematica software, students must build the profiles and three-
dimensional pieces of a game of chess. To calculate for each piece its volume, center of 
mass, moments of inertia, amount of raw material for its manufacture and cost of 
production by taking into account the chosen material. 

Influenza ¿an 
empidemic? 

To analyze the data obtained from influenza patients, published in different media in 
Mexico City during the winter seasons of 2014-2015 and 2015-2016. To model the path 
that followed this epidemic in both seasons in order to make predictions about the 
progression of the disease in the present season and compare the obtained results 
obtained with the information published in the national press. 

Measurement 
in Physics 

To build several devices capable of analyzing different physical phenomena that take 
place in nature. For example: Venturi meter, water tower, wave generator in strings, 
plate waves among others. 

3.2 Research  
The integrated courses were offered to 130 junior engineering students. 42 students from the first 
semester, 40 students form the second semester and 48 from the third. In order to evaluate the 
development of competencies, written reports of the proposed challenges (semester and partial) were 
analyzed by using typical rubrics that take into account skills such as writing, use of technology, use of 
physical and/or mathematical concepts, among others. Prototypes and scientific toys were evaluated 
using checklists that included aspects such as functionality, creativity, endurance and interactivity. At 
the end of the course, students were surveyed about their perception of the courses, challenges and 
developed activities. 

4 RESULTS 
Supported by the office of Social Development from the Academic Direction of ITESM-CEM, several 
primary schools were selected, “Profesor Silviano Enríquez” and “Dr. Mariano Gerardo López” located 
in Villa del Carbón and Atizapán. Scientific toys, theatrical plays, etc., were presented at these 
institutions. These presentations were offered to students, professors and members of nearby 
communities as shown in figure 3. These people evaluated different aspects of the mentioned toys, 
devices, workshops, scientific apparatus and the theatrical play presented by the students of 
Tecnológico de Monterrey. Results are illustrated in figure 4. It is observed that questions related with 
student creativity (SC), motivation (MO) and communication of ideas (CO) were clear, but not 
adequate enough for children. The evaluation scale was 1 to 4 where 4 is totally in agreement and 1 in 
disagreement. 

 
Figure 3. Picture from the event of science promotion at primary schools. 
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Figure 4. Results from the survey applied to the community of primary schools. 

The reports from each partial challenge and semester challenge were evaluated by the teachers of 
each group, some of the elements considered in the evaluation were writing (W), use of mathematical 
and physical concepts (MP), use of technological tools (TT), structure (S), among others, with a scale 
from 0 to 100. The average results of all these reports are shown in figure 5. 

 
Figure 5. Results from written reports. 

The prototypes were evaluated considering features associated to the functionality, such as: ease of 
use (E), interactivity (I), resistance (R), aesthetics (A) and creativity (C), among other aspects. The 
average results are shown in figure 6. Based on these results, the prototypes generally reach their 
purpose, may be easily manipulated, they are functional and aesthetic. In general, students improve 
their creativity, but they must work on building more resilient prototypes. 

 
Figure 6. Prototype evaluation. 
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Students also answered a survey on the development of their transversal skills and sub-skills. This 
result was compared with the average analysis obtained from reports on problem solving activities 
done by the professors. For example, to evaluate problem solving skills the following sub-
competencies were considered: situation analysis (SA), elaborated strategy (ES), strategy planning 
and development (SP), use of technological tools (UT), roles and teamwork, written communication 
through reports (WC), conclusions (C), use of references (UR), analysis of the proposed solution (PS) 
and oral communication by means of a presentation (OC). The results are shown in figure 7. The 
students feel that they improved their written communication skills and in the creation of strategies. 
The teachers consider that students can make a deep analysis of their solutions and that they are very 
skillful on technology usage. 

 
Figure 7. Survey on skills development 

4.1 Discussion 
The results obtained through this work indicate that a presentation of the activities and problem 
solving challenges where the topics of physics and math courses are integrated, allows students to 
develop a greater motivation to learn these areas of science. For example, it is found that a motivation 
to solve problems of our society may be boosted by presenting or exposing challenges of our daily life, 
which do are not presented in more conventional courses. In addition, analyzing the development of 
competences through the study of sub-competencies, it is realized that students develop problem 
solving skills. These results are in very good agreement with those reported in [11], where the impact 
of an integrated course of physics and mathematics, is analyzed. 

There is also an observed increase in social awareness experienced by the students that took part in 
this project. These students consider that it is motivating and gratifying to use physical and 
mathematical knowledge to build scientific toys, devices and scientific apparatus for science promotion 
in primary schools with children of limited economical resources. 

5 CONCLUSIONS 
Traditional non-integrated math and physics courses avoid problem solving skills development. 
Integration in the teaching of these areas allows a deeper understanding of the contents and a better 
development of transverse competences. 

The lack of science promotion in our country is the main motivation to build a major semester 
challenge where the courses of junior mathematics and physics are integrated.  

Through the realization of challenges such as “Science Promotion in Communities of Low Economical 
Resources”, traditional courses of mathematics and physics become more appealing to undergraduate 
students and the topics covered in the integrated course are understood at a deeper level.  

The integration of curricular areas also changes the perception of students on basic sciences, 
increasing their interest in the study of these areas and their use and applications are more evident.  

Through the usage of collaborative learning methodologies, challenges and problems, students are 
more confident and motivated when trying to solve complex situations  
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Finally, the interrelation of several sciences or disciplines, has been a major influence on the solution 
of problems and scientific development of human kind. This is the main idea behind the proposed 
course designing and it constitutes the main value that is transmitted to the students that were 
involved in this work.  
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