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Abstract— Enhance learning in high school with a focus on electricity area with the use of mobile technology is the goal of 
this work. From the development of an app for smartphones that help learning mathematics with Complex Numbers and its 
application in Electrical Circuits Analysis of Alternating Current, a set of strategies was developed for the engagement of 
students in theirs learning process. With the use of techniques such as PBL and Flipped Class, a collaborative development 
environment was created for producing Apps, exploring of the abstract concepts in the learning of the circuit analysis in 
alternating current.  In this environment, simulation tools were produced in the field of mathematics assisting learning in the 
conversion of Complex Numbers in rectangular and polar notation, virtual load test, current calculation complex power and 
graphical representation for the power triangle applied to the circuit alternating current. 
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I. INTRODUCTION 
 
The Federal Institute of Alagoas (IFAL), located in 
the northeast of Brazil, is a public institution that 
offers professional technical education.It has the 
challenge of working with students from elementary 
school with learning disabilities in reading and 
comprehension text,  and mathematics. 
As confirmed by the data of the results of the 
research"Test Brazil 2013 - QEdu" [1]where in 
mathematics, 11% is the proportion of students who 
have learned the appropriate problem-solving skills, 
and in Portuguese, it is 23% the proportion of 
students who have learned the proper competence of 
reading and interpreting text until the 9th grade in 
public schools. 
Such a scenario makes it difficult to develop 
concepts, skills and competencies necessary for 
formation of technician in electrical engineering and 
electronics. 
The profile of high school students is characterized 
by adolescents aged 14 to 18 years, and the inherent 
characteristics of this range demonstrate a tendency 
to overuse of technological devices such as games, 
tablet, smartphones and laptops. That is, they easily 
have the computing resources to access social 
networks, content production, and applications for 
collaboration. 
This scenario complicates the pedagogical work in 
the areas of mathematics and physics mainly with the 
students in the courses Technical and Technological. 
One of the challenges faced by these students is the 
understanding of Mathematical Calculations with 
Complex Numbers using rectangular and polar 
notation. Essential topics for learning complex power 
concepts and their application in circuit analysis for 
alternating current. 

Faced with this reality, the present study searching 
ways to overcome these deficiencies in order to 
improve the learning process in the electricity area. 
According Dirksen[2], the use of mobile technology 
can significantly contribute to learning. So 
considering that the profile of students is 
characterized by teenagers who already have power 
over the most accessible technologies for 
smartphones and tablets, it was adopted the use of an 
application howlearning strategy for abstract concepts 
in electrical circuits in alternating current. 
TheACcomplex App was designed and developed as 
a learning object  to support of the mathematics with 
Complex Numbers and simulation of AC circuits. 
Starting from the UML modeling with the main 
application features such as the conversion function 
of complex numbers and their forms of rectangular 
and polar representation with graphic feature 
associated with the conversion result, other features 
were also modeled as a load simulation function and 
analysis of the complex power. 
In 2014 the application was used in its Beta version in 
the Electrical Technical Course and Electronic 
Thechnical Course of the  Federal Institute of 
Alagoas - IFAL - Campus Maceió - Brazil, with 
60students of second year of electrical Course and 
60students of the fourth year of Electronics Course. 
 
II. APPLICATION DESIGN DEVELOPED 
 
2.1. The structure of the ACcomplex 
According to Meyer& Rose, [3] in his book 
"Universal Design for Learning", learning occurs in 
the dynamic interaction between students, learning 
environment and context in a dynamic and complex 
way, for him the technological resources are part of 
the learning environment, and therefore the context It 
should be structured in such a way that facilitates 
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interaction between those involved in the learning 
process.  
So, with this vision,is that the hypothesis of the 
development  of a specific App for teaching abstract 
concepts in electricity  was created. 
The application was modeled based on the experience 
of the teachers involved in Smart Network Research 
Group (GPRI), which integrates teachers of technical 
courses in Electrotechnics and Electronics, but also 
with the participation of students of both courses. 
The work began with the UML modeling of the main 
features of the software, and to accelerate the process 
of prototyping, we opted for the use of the 
AppInventor environment, which is an open source 
web platform, maintained by the Massachusetts 
Institute of Technology (MIT). 
Thus it was possible to make an alpha version of the 
application, which increased the involvement of 
students, both in encoding and implementing of the 
new features. 
 

 
Fig.1. Estructure of function on ACcomplex App. 

 
The ACcomplex Application has three distinct 
sections, Fig.1., within which are the features of:  
Calculation, Simulation and Graphical Representation 
for analysis of electrical power in AC circuits.  
The first section is oriented to assist the learning of 
mathematical process involved with the ability in 
calculations with complex numbers. The user can 
convert complex numbers between rectangular and 
polar forms, testing several values and looking 
graphics results of the numerical conversion. 
The second section is oriented for learning relations 
between Apparent Power, Reactive Power and Active 
Power through trigonometric relations of the triangle. 
In the third section the AC circuit Simulator, allows 
the user to execute the connection of electrical loads 
simulating real situations of residential, commercial 
and industrial facilities. 
In this sense the learning of concepts involved in 
analysis of AC circuits can be experienced in two 
situations: analysis of AC Loads, aimed at 
observation of the behavior of the power by inserting 
fillers, and Power in RLC circuits analysis oriented 
toward solving electrical circuits, modeled in parallel. 

These functions allows the user to simulate load 
conditions and with due observation of the results,  
will can understand the concepts of power factor 
correction, as well as keyparameters involved in the 
analysis of AC circuits. 

 

 
Fig.2. Open screen of the App ACcomplex. 

 
With the alpha release, began the process validating 
the functions and mathematical models used in 
application featuring in two stages: the first from a 
results of problems proposed in mathematical books 
and handouts used in the Electronics and Eletricity 
courses, and the second, still in activity, which tests 
the mathematical modeling used in the Simulator of 
circuits. 

 
III. THE APPLICATION AS OBJECT 
LEARNING 

 
3.1. The simulation as main strategy for application 
of Apps in the process of learning 
One of the features of possible implementation in 
Apps is the numerical simulation. 
In this sense, there are great possibilities as a tool to 
aid learning, since it allows to the user the mobility 
for analysis of results at any time and in any 
place.This feature involves the utilization of 
mathematical models which opens a field for learning 
in the engineering area, through the utilization of 
algorithms that implement techniques of numerical 
calculation. 
The mathematical modelling allows the use of many 
techniques of simulation to ensure convergence, plus 
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modelswidely validated on real situations, which 
facilitates its acceptance on learning objects. 
This is what promoted the creation of circuit 
simulation functionality into the App Accomplex, 
besides the main actual situations in which they are 
the electrical loads connected in residential buildings 
or industrial facilities. 
 

 
Fig.2. Tela do Simulator de Cargas em circuitos AC. 

 
IV. RESULTS AND DISCUSSION 
 
4.1. Comparison of the samples of students ' 
performances 
To analyze the effect of the use of App Accomplex in 
improving to the learning process, 60 students were 
monitored in relation to its performance and number 
of Internet downloads made for the App installation. 
During the year of 2014 was possible to establish a 
performance comparison between two classes that 
used the App and another two who didn’t. 
The graphs show in Fig 3. (a and b) the distribution of 
results of learning made in the courses of the 
electricity and electronics,  totaling 4 classes with 30 
students. 
At first sight it can be seen that the total average for 
that class that use the App, increased to 6.8. 
Analyzing the standard deviation can also be seen 
that dispersion decreases, concentrating more 
students arround to the average. 

 
 

 
 
Fig 3. (a & b) frequency distribution of the sample of students 

on the performance in the learning process 
 
Overall, an increase in the level of 25% approval with 
using the application can be seen in the data table 
below. 

 
Table 1: Statistical Sample Indicators 

 
 
At the beginning of the use of the ACcomplex App, 
the students were in the simple users condiction, 
making this object learning used as a support tool, 
similar to a calculator. 
It was necessary to question deeply, what would be 
the role of App usage in the learning process. For 
this, an effort on the part of the researchers of the 
GPRI, was made to enlarge the possibilities of use 
with the development of new strategies for the 
involvement of students. 
Thus, a hybrid environment, maked by a mix to lab 
for practical with classroom, called LabTEC@, was 
used as the involvement strategy, considering that, 
the creation of spaces for differentiated classroom 
learning extends the possibilities for learning and 
innovation, [9][10]. 
With the use of the flipped class model [4][9], a set of 
challenges has been proposed to the students, who 
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were organized into teams to try to find the solution 
of problems through the use of the ACcomplex App.  
Like a game plan, many simulations were performed 
including pointing of errors in the mathematical 
model. The students interaction with the App has 
increased and a debug process was designed as a 
learning activity.[5][6]. 
As students have shown interest in the reformulation 
of the application code, work teams were assembled 
to rethink the functionality of the system through the 
"Design science research" model, [8][9]. 
This involvement of the students showed that the 
encoding also allows the learning of abstract concepts 
and mathematical relationships so needed in the area 
of electricity. 
 
CONCLUSIONS 
 
The variability in learning extends the possibilities 
for assimilation by the student, [3], The mathematical 
model for analysis of complex power used in the 
loads is the parallel configuration, that is the main 
characteristics of conventional circuits. It offers two 
input settings, one that allows the allocation of 
equipment and another that allows the insertion of 
electrical parameters of impedance. Such 
functionalities allows variability in learning of the 
circuit analysis by interacting with the simulation 
parameters, allowing the user to scroll through many 
paths, through many logic ways of reasoning. 
This makes the user understands the dependency 
between the input parameters through repeated 
simulations in several ways of reasoning.From this 
point of view is that advocates the implementation of 
simulators for mobile applications, as a tool for 
learning in high school. 
The effective use of App by the students, measured 
by number of downloads and access in to 
ACcomplex's page, shows that an increase in interest 
was perceptible beyond generated debates, and the 
codification of the some functions implies in the 
assimilation of themes worked on the classroom, 
confirming that the strategy of encouraging the 
production of Apps educational contributes to the 
improvement of the learning process. 
The LabTEC environment @ was oriented to support 
the improvement of learning in the context of 
technical education of middle level, so 
interdisciplinary, integrating technical knowledge in 
the area of electronics and electrical engineering with 
the other area that make up the curriculum, and 
providing and encouraging the production of open 
educational resources focused to this audience. 
The collaborative work also proved to be a key 
mechanism in the process, especially when the 
project entails in reuse of code, where there is the 

integration of modules already developed previously 
by other students. It demonstrated verywell the 
practice of the reuse, enabling the recognition of the 
importance of free licenses. 
As advocates Tel Amiel. "It's not about thinking 
about new media, systems or techniques to supplant 
current education models. In this fertile and 
productive clash between based and emerging 
models, there are opportunities for increasingly 
complex settings of teaching and learning, that can 
satisfy the real diversity of students and teachers, in 
the most varied conditions and context. " [11]. 
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