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Abstract—In the last years several mobile learning courses 
have been experimented. The increasing popularity and 
additional features of mobile devices is one of the key rea-
sons for mobile learning courses development. The superior 
portability and accessibility of those equipments makes 
them suitable for remote and interactive learning courses. 
In this context, this paper focuses on the implementation of 
a mobile learning framework for an analog electronics 
course. This course was designed as a complement to the 
classic analog electronics courses. This course consists of 
several interactive multimedia modules, at the end of which 
students have to answer several oriented questions. These 
give feedback about the learning process to the teacher, 
which receives SMS messages with the results. A specific 
module is responsible for storing and managing the answers 
in a server, where all the results from students are processed 
in a competitive learning based methodology application. 

Index Terms—Mobile learning, mobile devices, analog elec-
tronics course, competitive learning. 

I. INTRODUCTION 

The extensive use of electronic devices makes the un-
derstanding of analog electronics theory fundamental for 
students. Excellent textbooks covering this subject are 
constantly being published. Besides that, in the last years, 
several learning tools based on personal computers have 
also been developed. Remote and blending learning sys-
tems enhance the possibility for students to attend lessons 
in remote locations, at a physical distance, being able to be 
at any place and to communicate actively by means of 
computers and networks. This is why this type of learning 
has become nowadays increasingly popular. New tech-
nologies and methodologies have been used in order to 
allow students to learn in and outside the traditional class-
room. 

Nowadays, different learning styles and methodologies 
can be adopted. We can find large differences in the learn-
ing preferences of students. We find those who prefer col-
laborative activities instead of a competitive approach, and 
vice-versa. The style chosen by an evaluation is also a key 
factor in the learning process of a student, because it de-
termines their study procedure until the evaluation time. 
E-learning systems enhance the possibility for students to 
attend lessons in remote locations, at a physical distance, 
being able to be at any place and to communicate actively 
by means of computers and networks. On the other hand, 

it is important that students always have the opportunity to 
acquire their knowledge through traditional means. Bal-
anced blended learning that combines e-learning and 
learning in the classroom environment is a good solution 
for specific courses, if not for everyone.  

At the present, one of the more innovative and student 
oriented methodologies is mobile learning (m-learning). 
M-learning uses mobile devices, like cell phones, Personal 
Digital Assistants (PDAs) and smart phones. M-learning 
can be defined as “the exploitation of ubiquitous handheld 
technologies, together with wireless and mobile phone 
networks, to facilitate, support, enhance and extend the 
reach of teaching and learning” [1]. M-learning is a rela-
tively recent concept, but by our group experiences, and 
by others described in literature, such as [2, 3], it has been 
motivating students and teachers, representing an effective 
pedagogical method as any other conventional learning 
method. Nevertheless, the real problem is still the efficient 
and suitable adaptation of the courses contents to means 
with clear restriction factors [4]. The former restrictions 
are basically visual, technological and social (SMS costs, 
among others), which are mentioned in several works, 
generally measuring the impact of the handheld mobile 
devices in our society [5]. Therefore, in these days, the 
challenge for teachers is to prepare new courses based in a 
methodology that embraces the potential of mobile de-
vices, also facing their restrictions. Innovative supporting 
frameworks should be implemented to accomplish that 
task. In an initial phase, these frameworks can be directed 
to specific courses, but they should be extended to ac-
commodate more generic scenarios, being prepared to 
support almost any course. 

The study of analog electronics is fundamental in an 
electrical engineering course. A basic understanding of 
electronic theory is necessary for electronic systems op-
erators, maintenance personnel, engineers and the techni-
cal staff to safely operate, maintain and support electronic. 
Electronic theory knowledge is a fundamental issue to 
help these technical staff to fully understand the impact 
that their actions may have on the safe and reliable opera-
tion of electronic systems. Generally, in these courses, 
classical teaching uses textbooks as the main element. 
However, the use of textbooks is very limited, too flat and 
static. However, in this new technological context, it is 
important to develop new m-learning tools for these 
courses.  
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Therefore, a new m-learning framework for the analog 
electronics course was developed at Superior School of 
Technology of Setubal (Polytechnic Institute of Setubal). 
The initial course material has been adapted to the m-
learning environment and new contents were added, en-
riched with animations and interactive examples. Besides 
the traditional theoretical lessons, and laboratory practices, 
we propose the use of this m-learning system to reach a 
wider target. The presented approach includes a competi-
tive learning module, applied to the usual individualized 
and cooperative settings. We consider it essential for the 
growth of our students facing a very competitive global 
society. This article describes the implemented course, the 
learning approach and the main points of the supporting 
computational framework. 

II. BACKGROUND LEARNING CONCEPTS 

Nowadays, mobile devices are essential tools for our 
daily living. With the evolution of their technologies, we 
see people adapting more easily to the use of the devices. 
According to [6], the mobile revolution is already here. At 
the same time, with the evolution of the available func-
tionalities, it also increased the diversity and capacity of 
multimedia options and wireless communication tech-
nologies of the devices. Seen as small computers, these 
devices can support diverse lessons, display animations 
for any kind of contents, be used for polling and testing, 
serve as a gateway to larger learning resources, among 
much more options. 

With the fast growth of wireless handheld and mobile 
devices sales (Fig. 1), it has started to rapidly emerge the 
m-Learning concept as a new instructional method. M-
learning is characterized by mobility and accessibility, 
since it focuses on the use of handheld mobile devices. 
These equipments have become very popular, especially 
among young people who use them not only for commu-
nication but also as a tool for other activities. There are 
almost one and a half billion mobile phones in operation 
around the world, and a large percentage of them are in 
the hands of students. In the coming 10 years, whether 
educators want it or not, more and more students will 
bring computing devices into the classrooms.  

In addition to the ordinary mobile phones, these devices 
can even be netbooks, notebooks and mobile music play-
ers, among others. 

For the development of the proposed project, it is im-
portant to have in mind that sophisticated and smart 
phones are increasing their sales in comparison to the ba-
sic cell phones (Fig. 1). Additionally, looking to Figure 2, 
it is possible to establish a guideline between those sales 
and the increased use of advanced functionalities in mo-
bile phones. These are important arguments, because the 
mobile application of the present work uses multimedia 
content and some connectivity options. Therefore, this is 
considered as a positive factor since the probability of 
finding devices with capabilities for playing lessons and 
testing contents is high, being excellent to the production 
of mobile applications with higher performance and better 
multimedia content. 

As far as the use of these tools in education is con-
cerned, not all courses are suitable for m-learning envi-
ronments, but short courses are considered suitable for this 
kind of learning [8]. The use of quizzes, glossaries and the 
interaction with tutors and other peers may satisfy a wide  

 
Figure 1.  Number of mobile phones sold per year, worldwide [7]. 

 
Figure 2.  Advanced functionalities used in basic phones and smart 

phones [7]. 

range of needs and aims on behalf of students. Communi-
cation can be made through e-mails, SMS and MMS, and 
it is important for students to have feedback about their 
progress [8]. 

Johnson and Johnson suggested that an effective class-
room must have the right mix of cooperative learning and 
competitive learning (along with individualized learning) 
[9]. Cooperative learning encourages students to work 
with and learn from each other. Alternatively, a competi-
tive learning implementation places students against each 
other competing for best results [9]. For example, if a stu-
dent gains a point, his competitor does not win anything. 
In a competitive setting, students judge their abilities to 
master content and knowledge relatively to their competi-
tors. In the business world people often work on a variety 
of team settings and cooperative activities. The context of 
the classroom should provide to students training for the 
business life and offer them some insights regarding com-
petitiveness at work. The cooperative aspect of this set of 
activities may also offer a better learning environment to 
students. The cooperative component embedded into 
competitive learning represents a potential complement 
that may help to engage students. Once they are faced 
against each other, their competitive instincts can encour-
age them to increase their engagement in the learning 
process. Students who initially may not be inspired by the 
content may begin to be interested once they have to com-
pete, seeing that like a game. Students must be prepared 
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for all the adverse situations in an increasingly competi-
tive workplace environment that they will face after fin-
ishing their graduation. 

III. RELATED WORK 

This section presents important related work, although 
we did not find m-learning systems delivering the pre-
tended analog electronics course. 

With the rapid development of ICT systems, new edu-
cational opportunities and instructional methods appeared. 
Therefore, several e-learning tools have been developed to 
enhance the learning process in analog electronics courses 
[10, 11, 12, 13, 14]. However, these solutions do not have 
modules directed to m-learning, with the presentation of 
the functionalities and features required by our proposal.   

It has to be noted that, nowadays, m-learning is a very 
active research field, with the development of important 
and interesting projects. In [15], Frohberg et al. made a 
deep and critical analysis of mobile learning projects pub-
lished before the end of 2007. Mobile learning is rapidly 
growing from a set of research projects into worldwide 
deployment of services for classrooms, field trips, work-
place training and informal education, among other areas. 
Major projects have concentrated on the generic platforms 
development for m-learning and explored new supports 
for a kind of technology-mediated learning across loca-
tions and life transitions [16, 17]. Smaller projects are 
more directed to develop new pedagogical solutions for 
specific cases and to explore how learning on handheld 
mobile devices interweaves with personal interests and 
individual learning needs [18]. 

In relation to platforms, the following projects support 
the implementation of specific mobile and wireless appli-
cations for mobile devices, such as the MOBIlearn project 
[19]. It pretends to deliver a generic m-learning architec-
ture to support creation, brokerage, delivery and tracking 
of learning and information contents, using ambient intel-
ligence, location-dependence, personalization, multime-
dia, instant messaging (text, video) and distributed data-
bases. Another proposal, MADEE [20], is an execution 
environment and application development tool that sup-
ports and makes easier the development of mobile and 
wireless information systems that run on handheld de-
vices, allowing communication and information sharing 
among users in an organization. Other older examples are: 
the Sync a Java framework [21] that allows asynchronous 
collaboration between mobile users; Rover [22], a frame-
work for building mobile applications based on flexible 
client/server architecture; and LIME [23], a middleware 
package written in Java that supports mobile application 
development and coordination. 

An interesting application of m-learning has been car-
ried out by the Standford Learning Lab for the teaching of 
the English language [24]. Quizzes, glossaries and interac-
tive audio-files were sent to students to improve their pro-
nunciation and language competencies/skills. Interesting 
to us is that two other language experiences were followed 
for the acquisition of English vocabulary and idioms on 
mobile devices. The first one does it through SMS and the 
second by means of videos. Another application of mobile 
learning in the study of languages is Pocket Eijiro [25], an 
English-Japanese, Japanese-English dictionary, which 
presents some interesting features.  

On the other side, the Moop [26] m-learning environ-
ment was developed for use in primary school at the city 
of Oulu, Finland. Moop has an interactive application for 
use in situations where primary school students take use of 
a cell phone to analyze their surroundings and to commu-
nicate within groups. The system supports the process of 
inquiry learning, during which a user outlines her thoughts 
on the current topic, collects information from the sur-
roundings and reports the findings to the system. The 
HandLeR project [17], one of the oldest, is an attempt to 
gain an in-depth understanding of the learning process in 
different scenarios with the evaluation of a handheld de-
vice. The system is also “...intended to support children to 
capture everyday events such as images, notes and sounds, 
to relate them to web-based learning resources, to organ-
ize these into a visual knowledge map and to share them 
with other learners and teachers” [27]. This kind of sys-
tems promotes learning in complex scenarios where learn-
ing goals depend on a contextual factor. 

Another system, related with context, is “Contextual 
Cues” that lets students, who have attended a lecture, to 
receive a copy on their mobile phone of key points that the 
teacher labels as important, which should be reviewed 
later [28]. To support this, a plug-in or application in-
stalled on the teacher’s Bluetooth-enabled computer 
makes it easier to highlight important points in the teach-
ing material. During the presentation, the broadcasting of 
the key points together with a timestamp takes place in 
parallel with the presentation of the related material.  

Regarding quiz systems oriented for mobile devices, 
there are several commercial and free options that are in-
teresting for our study. Moodle for mobile tests [29] is a 
module to execute Moodle questionnaires using CHTML 
(compact HTML) in compatible mobile phones with i-
mode technology. Interactive test is a module of an m-
learning system [30] specifically developed for use in 
Java-enabled mobile devices. Go Test Go’s [31] is a 
commercial quiz system designed to be used in Java mo-
bile phones which provides a great selection of quizzes 
about several areas. Finally, Quizzler [32] is a commercial 
product designed for PC, Palm and PocketPC platforms 
and provides a collection of tools (quizzler reader, quiz-
zler software maker and quiz library). 

IV. DESCRIPTION OF THE MOBILE COURSE 

This course is composed by two main modules: the 
learning module where students can study analogue elec-
tronics and the competitive module where students are 
selected to participate in a tournament. 

A. Learning Module 
The pedagogical goal of this course is to introduce stu-

dents to the most relevant concepts in analogue electron-
ics. On the other hand, the technological goal of this pro-
ject is the implementation and testing of an m-learning 
concept tool that integrates a competitive module. The 
purpose of this solution is not to replace the traditional 
teaching methods, but to create a complementary tool in 
order to improve the student’s interest, motivation and the 
resources availability in any place, at any time. 

Teaching analogue electronic circuits presents several 
problems for teachers and students. One of the main prob-
lems is that voltages and currents are not directly visible 
and must be measured indirectly with meters and oscillo-
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scopes. To overcome this problem, simulators and multi-
media animations can be used, avoiding a passive watch-
ing of the display and “forcing” an active participation in 
the learning process.   

The m-learning analogue electronics course consists in 
several interactive modules. The contents of the modules 
cover the following main topics: 
 Semiconductors theory 
 PN junction theory 
 Diodes and applications 
 Transistor and applications 

 

The contents were developed in order to put an empha-
sis on demonstrating and assisting each theoretical con-
cept with a practical application. Another important goal 
is the use of rich multimedia content, such as images and 
interactive animations, which are also essential for the 
understanding and motivation of the students. One impor-
tant feature associated with these contents is an option for 
comments. This way, students can make annotations and 
give feedback about those contents. With students’ anno-
tations, teachers can verify if those figures and interactive 
animations are clear or if they have to be improved. From 
those comments, teachers can also have some information 
about the student’s knowledge. When students select the 
option to give feedback, an SMS will be sent to the 
teacher with the annotations.  

In order to provide to the student an evaluation of his 
knowledge progress, at the end of each module there are 
several quizzes about the module. This can also help the 
teacher to verify the student’s progress. At the end of the 
evaluative quizzes, if possible, an SMS is sent to the 
teacher, informing about the answers results to the ques-
tions. In case of failure, the student must start again the 
lesson. New quizzes will also appear and, in order to 
avoid the same questions, there is a large variety of quiz-
zes that are generated from a teacher contents manager 
application. 

The lessons are simple in order to avoid excessive in-
formation for students. However, in several pages there is 
an option called “to know more”.  So, the amount of in-
formation presented to students is adapted to their needs. 

B. Interfaces Design Examples 
As an example of interfaces, Fig. 3 shows an animation 

about the semiconductor theory. With this image, students 
can see the formation of a PN junction diode and the 
movement of electrical charges. 

On the other hand, Fig. 4 shows an interactive circuit 
for the full-wave bridge rectifier circuit with a resistor 
load. Students can see the directions of the currents and 
the input, diode and output voltages. They can also change 
the amplitude of the input voltage and turn on or off the 
displayed voltage waveforms. 

Other animations have been used in this m-learning 
course. Fig. 5 shows an interactive figure about the semi-
conductor theory. With this figure, students can see the 
movement of the electrical charges inside of the silicon 
crystal. They also can change the value of the input source 
voltage.  

 
Figure 3.  Animated figure about the formation of a PN junction diode. 

 
Figure 4.  Interactive figure for the full wave bridge rectifier. 

 
Figure 5.  Interactive figure about the semiconductor theory. 

Fig. 6 shows another interactive circuit that has been 
developed to explain the voltage doubler rectifier. With 
this circuit, students can change the speed of the circuit 
simulation. Fig. 7 shows an animation that allows students 
to know how to measure a diode. Clicking with the mouse 
on the meter they see what happens when the diode is 
measure in a forward way or in an inverse way. This fig-
ure shows what the students see in different moments. 
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Figure 6.  Interactive figure for the voltage doubler rectifier. 

 
Figure 7.  Interactive figure for the measure of a diode. 

C. Competitive Learning (CL) Module 
The competitive module implements a competition 

where the mobile students are selected to participate in a 
tournament similar to the well known UEFA® football 
champions league, with a groups’ stage and a knockout 
phase. This module is under development, being almost 
finished and in a phase of integration in the platform sys-
tem.  

For the competition, the students use the mobile device 
client application to answer to quizzes like the aforemen-
tioned ones for the auto-evaluations. One game is com-
posed by a randomly generated quiz, being “played” by a 
student against an opponent and the clock. At the end of a 
game, the answers are automatically stored in the mobile 
device and sent to the server. The mobile application 

knows the games’ results of the corresponding 
user/student, but the central CL application of the MoCoL 
framework (Section V) needs to have access to all the 
quizzes results, from all users. So, every now and then the 
applications must be synchronized with the central sys-
tem, with the connection being made automatically at dis-
tance or established in the classroom. The framework 
automatically evaluates the obtained answers for the pro-
posed game, elaborating the classification and managing 
future games. 

The competition can take place for several sessions 
(lessons, marked days, etc.) and a teacher can configure it 
choosing, for example, the beginning time of the different 
group games, the level of the games (quizzes to be an-
swered), the competition mode (auto-evaluation/training, 
assessment, or friendly), among other parameters. One 
additional parameter is the submission type of the results, 
which can be through the normal option or sending an 
SMS to the teacher at the end of the game.  

Additionally, in the future, it will be possible for a stu-
dent to submit to the database, and for a CL tournament 
edition, quizzes questions to be answered by his col-
leagues. This is one of the most interesting functionalities 
in our methodology, since this can improve the learning 
performance of a student which has to know and find 
more exercises indicated to propose to others. 

V. THE MOBILE AND COMPETITIVE LEARNING (MOCOL) 

FRAMEWORK 

The present section presents the MoCoL framework, 
highlighting the main requirements, the supporting archi-
tecture, the development of the course mobile application 
and technologies used in the implementation. 

A. Requirements 
When implementing a new methodology and designing 

a framework like the one presented within this work, first, 
we have to establish some principles and requirements. 
Therefore, to support and complement the course lessons 
it is highly desirable to have a computational system 
working with the following main goals: to allow the mo-
bile learning to run in a motivating setting; to flexibly the 
timetables for learning in order to complement classroom 
lessons, which can be important for workers; to allow the 
student auto-evaluation; to allow recovery modules in 
order to give to all students the same opportunities; and to 
add the option to be used interactively in different kinds of 
classroom lessons. 

MoCoL uses four main end-users groups as system re-
quirement. They are students, teachers, administrators and 
even parents. Students are the main end-users because 
they get numerous benefits from the system. The system 
provides notes and tutorials for the students to learn more 
about the subject. Besides, it has information about other 
links related to the chapter.   

Teachers can use the platform as a teaching tool by 
looking at the lesson, tutorial and other links that will be 
provided by the system. Besides, teachers play an impor-
tant role providing questions to the quizzes section. The 
system provides a function of auto-calculation, making the 
quizzes more or less difficult, according to the integration 
of questions. The teachers have to update the chapters’ 
contents. Teachers also receive email from the students or 
their parents regarding students’ performance. Thus, the 
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system provides good relations between teachers and stu-
dents, as well as with the parent(s).  

The administrator has the role to access most of the 
functions in the system. This is because s/he has to update 
and configure the system to meet the requirements of 
teachers.  

Parents use MoCoL to guide their children’s perform-
ance in the course. They can check how many times their 
children have accessed the study material and what ex-
actly they do when entering the system. The parents will 
have a log file in their module for this purpose. 

B. System’s Architecture 
The architecture of the global system is the typical cli-

ent-server solution with the two-tier separation (Fig. 8). 
The clients are the following: a web tool (e-learning) 
module, available through a web browser; an off-line 
module that is an e-book, or interactive DVD (iDVD), 
being easily carried by students; and the m-learning tool, 
with a competitive module and a reduced version of the e-
learning contents. 

The architecture for the mobile client includes three 
main layers (Fig. 9): authentication, interface and specific 
services. The top layer is responsible for the authentica-
tion process, currently presenting two main sub-modules 
for management of students and teachers functionalities. 
Students login to access to the contents of the lessons or to 
compete in a CL tournament, submitting results through 
the module. It is also possible to submit new exercises to 
be played in a CL tournament. The module related with 
teachers integrates all the functionalities necessary for the 
correct management of the competitions and students 
monitoring. One teacher can add new exercises, with the 
corresponding type descriptors, to the database and con-
figure CL tournaments, which can be formative, at the end 
of lessons, or for evaluation purposes. Through this sub-
module, teachers access the Automated Evaluator (AE) 
sub-module, configuring it according to the class of stu-
dents they have in mind to compete.  

The course interface layer integrates the two options: 
the analog electronics course material and lessons; and the 
module that implements a competitive tournament among 
students.  

The bottom layer includes the services specific mod-
ules. One of them is the manager of classifications and 
featured tournaments, which is used both for the competi-
tive tournaments and for the management of the quizzes at 
the final of the lessons. All the information is synchro-
nized through the central database of the system. The 
Automated Evaluator sub-module crosses the submitted 
results with the configuration made by teachers and the 
exercises descriptors taken from the database to evaluate 
how many goals were “scored“ by students. It is a service 
of the competitive learning sub-module. On the other 
hand, the SMS feedback is a service for the learning 
course as it manages the communication between devices, 
registering the overall results to the quizzes and comments 
to course’s contents. 

C. The MoCoL Mobile Application Specifications 
The MoCoL client is a mobile application developed in 

Java (J2ME) for devices that support the MID profile. 
This application allows the user to interact directly with 
the system’s server and indirectly with other users.  

 
Figure 8.  Client-server architecture of the framework. 

 
Figure 9.  Architecture of the mobile device application. 

This client application is generic, in the sense that it is 
independent of the server-side applications. The applica-
tion relies on APIs (Application Programming Interfaces) 
that were designed in an independent way relatively to the 
implemented prototype. It has two main modules: one 
with functions to interact with the server via Bluetooth 
and another one to manage the possible information re-
ceived from the system. Therefore, the client application 
uses the JSR-82 and the BlueCove APIs as the server ap-
plication also does. 

Not all the mobile devices can run the first module to 
interact directly with the system. To accomplish that, the 
device must be embedded with the JSR-82 API. If a de-
vice does not embed the API, a possible solution is the 
implementation of a web server, making available an URL 
address to be accessed through the WAP browser of the 
mobile device. In this way, a student will be able to re-
ceive XML documents to consult later and to store them 
in the client repository, a Record Management System 
(RMS).  

The module to manage the received information uses 
the kXML library in its implementation to make the pars-
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ing of the XML documents. kXML provides an XML pull 
parser and writer suitable for all Java platforms, including 
J2ME. Because of its small footprint size, it is specially 
suited for Java applications running on mobile devices. 

VI. CONCLUSIONS AND FUTURE WORK 

The use of m-learning tools, if correctly conceptualized 
and built, constitutes an efficient complementary tool to 
the traditional teaching methods. So, in this context, it was 
presented the development of a mobile learning frame-
work for analog electronics course. The theoretical con-
tent of the course was structured in several interactive 
modules. At the end of each module, there are quizzes 
allowing students to be evaluated by themselves or by 
course teachers. The teacher receives automatic SMS from 
the student’s mobile phone. This allows the teacher to 
have access to the student’s progress and comments about 
the images and multimedia animations. 

As future work, it is pretended to study how to over-
come some disadvantages found in m-learning, such as its 
high costs, the possibility for mobile devices to be mis-
placed or stolen and the difficulty to use mobile devices in 
noisy environments. Yet, another future step will be in the 
direction of creating the best interfaces to deal with the 
small screen size of the devices, the limited memory size, 
the small keyboards and limited battery life, among other 
issues.  

Another important point for future work is the dissemi-
nation of the results of a questionnaire survey that is al-
ready being carried out among the students of the course. 
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