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Abstract 
This work shows a proposal to teach complex variables concepts and integral transforms and their 
applications. The main objectives are to foster the competences related with the modeling with 
advanced mathematics and to develop several computational tools. Eight topics were selected: 
graphing of functions, derivative and integral of complex variables, line integral, Laurent series, 
calculus of residues, Z, Laplace and Fourier Transforms. The strategy considers four stages. First, the 
students doing simple exercises and basic computer experiments. After, the teacher shows a 
graphical unit interface and the students use it solving the previous examples. After that, the students 
improve the graphical unit and they use it in order to solve complex problems. Finally, in the fourth 
stage an exam online generated randomly is applied. This exam contains from eight to sixteen 
questions depending of the advance of students.  

As a result, engineering students who use graphical interfaces in advanced mathematics have 
improved their understanding of several concepts. In addition, they obtain greater confidence in their 
knowledge and can solve many complex problems. Some others learning results of 62 engineering 
students of Tecnológico de Monterrey are showed. 
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1 INTRODUCTION 
Recent research indicates that teaching of Advanced Mathematics through modelling requires the 
learning of theoretical elements as well as the learning of strategies focused on development of 
advanced models. However, other types of studies are focused on the advantages of using modelling 
skills and mathematical skills, which can be learned by students through this methodology. Both 
approaches agree on the type of problems that students can find, and they consider that the possibility 
of dealing with such problems will help on their learning process. Among the different approaches for 
learning modeling skills, the development of such conceptual systems or models by the students is 
emphasized when they work on situations that have some context and boost the mathematical 
learning process as well. There are two main concerns on this approach. The first one consists on 
preparing students for planning and solving the type of problems that will be confronted with in real life 
situations. The second one deals with relating these type of problems with the type of subjects that are 
covered during undergraduate mathematical courses, even though the relation between these two 
concerns may not be clear and evident. On this line of research, the interest is focused on developing 
flexible and creative ways of thinking, which will help students in dealing with real situations [1,2,3]. 

Mathematics courses at Tecnológico de Monterrey are focused on boosting mathematical thinking, 
improving the algorithmic skills of students and developing the modeling and use of technology. 
Nevertheless, the content of these courses are very ambitious and there is not enough time for 
learning this content. For example, the Advanced Mathematics course has two challenging subjects: 
complex variable and theory of transformations. Both having very different concepts to those covered 
in previous courses. 

An initial study seems to reveal that students do not fully understand the concepts from Mathematics 
Advanced course and they tend to apply these concepts incorrectly. Besides this issue, their skills for 
applying this knowledge on other engineering courses is very limited. Some professors that have been 
assigned as the instructors for this course say that the amount of time necessary to cover all the 
subjects is not enough and therefore, modelling skills are not enhanced to leave some room for 
learning of algorithmic developing skills. Besides this issue, the time needed for learning of Complex 
Variable is reduced in order to dedicate more time on Fourier, Laplace and Z transformations. 

On the other hand, mathematical visualization has been explored in courses of calculus with real 
variables. Some works that have been founded and supported by the Novus initiative, have managed 
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to enhance the skills of students, related to conceptualization [4,5]. In both cases, the mathematical 
visualization is proposed as a core part of the teaching experience. Unfortunately, these type of 
proposals have not addressed the problem of visualization in complex number spaces, and this is 
mainly due the fact that most people think that complex variable functions cannot be plotted or 
visualized. However, the concept of graphing can be addressed by studying some results in graphical 
form, and as a consequence, we need to redefine the meaning of several concepts on real calculus to 
apply them on complex calculus. 

Besides this, most professors tend to teach Advanced Mathematics by using a structured scheme 
where the concepts are studied in the first place, and later problems are solved. We consider that in 
order to reduce the mentioned difficulties that students have when learning, and increase their 
mathematical skills, it is necessary to use computational tools that allow the simulation of several 
scenarios of their interest. The selection of didactical tools (methods to achieve deeper learning on 
students) represents an important step on curricular design. The strategy that has been adopted in 
this work, is based on the Activity-Class-Exercise cycle [6]. The activity part is an exploration of 
concepts throughout the simulation of several concepts and basic exercises that motivates the study 
of complex calculus, the student used a basic graphical unit interface (GUI) related with the topic. In 
the lecture part of the cycle, theoretical concepts are reviewed and used in several applications. Third, 
the students improve the GUI and solve more exercises. Finally, the knowledge is measured with the 
use of online exam. In general, our proposal is to use a strategy based on the cycle ACE, where 
experimentation of advanced mathematics concepts is achieved through interactive simulations in the 
software package Mathematica.  

2 METHODOLOGY 

2.1 Proposal 
The proposed methodology is base activities using GUI or Mathematica software. The topics explored 
are: graphing of functions, derivative and integral of complex variables, line integral, Laurent series, 
calculus of residues, Z, Laplace and Fourier Transforms. For this purpose, the following didactic 
sequence for the study of each one of the mentioned distributions is followed: 

• Simulation and exploration of an example related with any of the mentioned topics using a basic 
Graphical Unit Interface. 

• Discussions on class about the experience and the theoretical concepts. The students improve 
the GUI. 

• The students solve complex exercises or problems using the GUI  

• Online evaluation in Microsoft Forms. 

For example, students are asked to build a several graphics about the transformation of curves using 
a complex functions. They use several functions and curves in Mathematica and explain their results. 
After this, students share their results with the entire group. For example, in the table (1) is showed the 
first activity about curve transformations. 

Table 1. Curve transformation activity.  

Instructions: To write a report with the curves and transformations 

Function F(z)=2+z G(z)=3z H(z)=1/z I(z)=3-z J(z)=z^2 

Curve y=2x y=x+2 y=4-x y=1/x y=1/(x+1) 

To finish the first stage, a Graphical Basic Interface is built. In this case, the Mathematica code is 
shown in figure 1.  
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Figure 1. Mathematica Code of curve transformation. 

Note that the only instructions required are: Manipulate, ParametricPlot, LabelStyle and FrameLabel. 
These instructions are briefly described below.  

- Manipulate allows to build a Graphics Unit Interface. It requires the instructions and options. 
- ParametricPlot is an instruction used to build graphs.  
- Label Style is an option for text in Manipulate. 
- Frame Label is other option of Manipulate for to write the title of GUI. 

In the second and third stages, it’s improved the GUI. In the figure 2, the new GUI is showed; this 
includes a big data section for curves and functions.   

 
Figure 2. Graphic Unit Interface for curve transformation. 

Finally, in the fourth stage, an evaluation is made by using Microsoft Forms, see figure 3. 
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Figure 3. Evaluation of curve transformations performed in Microsoft Forms. 

2.2 Classroom Experience 
The use of advanced mathematics GUI was performed during the spring and fall semester of 2018 
with two experimental group, Sixty-two engineering students took part on this course at Campus 
Estado de México from the Tecnológico de Monterrey. The students worked in teams of four people. 
The work done by the students was based on a Mathematica workshop, and a computational lab was 
used for the first two stages of our proposal. Eight sessions of one and a halve hours were dedicated 
for this purpose. The reports were analyzed, and a survey on the learning environment was applied to 
the students. A group control was used in order to compare some knowledge. 

3 RESULTS 
The results are presented by using four items: use of technology, visualization activities, algorithms 
and exams. On the visualization and technological related activities, only the two experimental groups 
can be compared, since this type of activities are not part of the typical course. For those activities, 
related with the use of technology, an evaluation sheet which that considered certain aspects such as 
the proper solution of the problem, use of tools and analysis among others, was used. Figure 4, the 
results related to technology are shown. On this item, the results are better for the first group of 
students in comparison with the second group. This result could be related to the academic 
performance of the students in the first group, which is noticeably better than the academic 
performance of the second group. 
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Figure 4. Results on Technology Usage. 

The students used several graphical units to understand concepts and to solve basic questionnaires. 
The results from the questionnaires are shown in Fig. 5, where it is observed that the students from 
the first group outperform the students from the second group.  

 
Figure 5. Results on the visualization of concepts. 

The algorithmic abilities were evaluated through questions on quizzes, which were applied after the 
each cicle. Some of these results are shown in Fig. 6. From this figure, we can observe that the first 
group of students shows a good behavior, which is lightly inferior to that of the control group. This may 
be explained by the fact that the time spent in class was inferior to the time spent by the control group. 
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Figure 6. Results on Algorithmic Processes. 

Finally, to study the results obtained in exams, one or two questions from every subject covered, were 
considered. Each question had a grading scale of 0, 1, 2 or 3 points by considering the strategy used 
(correct or incorrect), procedure (adequate or inadequate) answer (correct and congruent or 
incongruent). The results for every subject evaluated are shown in Fig. 7. In general, there is a small 
statistical variation on the results obtained by the three groups, where the results from the first group 
are slightly superior, which leads to the conclusion that deeper investigations, are needed. 

 
Figure 7. Tests results. 

4 CONCLUSIONS 
The results obtained in this work suggest that students may improve their visualization and technology 
usage skills and they are more motivated when interactive graphical units are used. This result is in 
agreement with Alanis et al [7], since the students are able to develop creative strategies when they 
are able to improve their understanding of the subject. 

Through methodologies based in learning cycles, the students are able to use technology to their 
advantage, in order to gain a better understanding of the mathematical ideas behind the course 
content, which can be observed through activities of evaluation. This is a conclusion that is in 
agreement with the investigations presented by Delgado et al [8].  
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