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Abstract— This Research to Practice Full Paper presents a
didactic framework for teaching C programming language. The
difficulty of understanding abstraction presented by engineering
students in computational problems solving is one of the main
reasons for numerous pitfalls in the early college semesters.
When teaching abstract contents, such as computer
programming, it is relevant to include as many practical exercises
and laboratories experiments as possible, to facilitate a better
understanding. These practical approaches allow the students to
achieve, by simulations or by real experiences, good notions of
the basic concepts of the subject being studied. To motivate
engineering students to be acquainted with formal definitions
and high-level abstractions, a Didactic Framework focused on the
teaching of the C programming language for embedded systems
was developed and tested. Moreover, the students were supposed
to develop a software project in teams that work together to solve
basic tasks, and that compete at the end of the semester by
solving a common programming challenge. This work is divided
into two main parts: one focusing on the creation of practical
strategies that make easier understanding complex definitions;
and another concerning to the motivational strategies through
cooperation and competition. The final goal was to increase the
students understanding and satisfaction as well as reduce the
dropout rates.

Keywords— Learning with Robots; C Programming Language
Learning; Collaborative Learning; Competitive Learning.

I. INTRODUCTION

According to a recent survey conducted at the UFAM in
Manaus, Brazil, the difficulty in understanding programming
concepts, like abstraction, decomposition, or forming
perspectives, among engineering students in the first college
semesters has caused numerous pitfalls and led to an increase
of dropout rates. This perception confirmed the findings of
many authors [1, 2, 3, 4]. One common reason for such
problems is that traditional teaching approaches are based on
methodologies in which the students are passive along the
learning process, what makes the deep understanding of
abstract concepts difficult and demotivating [1, 4, 5]. In fact,
that is not a local problem, many authors have documented a
big dropout rate in computer science and engineering courses
related to bad comprehension of basic topics [6, 7, 8].
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Many education theories may be adopted in this quest for
improving the learning process for computer related themes.
For example, Constructivism considers that students must be
active in the learning process, building their knowledge from
experiences in a day-to-day basis and contact with the world
and with real objects [9, 10]. There are many streams of
Constructivism, but almost all of them come from the work of
Jean Piaget, who focused on how humans make meaning about
the interaction between their experiences and their ideas [11].
The concept of Constructivism has influenced several
disciplines, including psychology, sociology, education, and
more recently, computer programming. In the very beginning,
Constructivism examined the interaction between human
experiences and their reflexes or behavioral patterns, what was
called knowledge schemes. Constructivism does not refer to a
specific pedagogy, although it is often confused with
constructionism, another educational theory inspired by
constructivist and experiential learning ideas of Piaget.

Maria Montessori elaborated a theory based on stimulation
through the manipulation of objects and affirmed that
education material should be created based on the learning
goals and offered to the learners that would explore them,
performing various tasks in their path [12, 13]. The original
method is a child-centered educational approach based on
scientific observations of children from birth to adulthood [14].
The method views the child as one who is naturally eager for
knowledge and capable of initiating learning in a supportive,
thoughtfully prepared learning environment.

Pragmatism favors the resolution of problems reasonably
and logically based on dealing with specific situations instead
of on abstract ideas and theories [15]. Pragmatism considers
thought as an instrument or tool for prediction, problem-
solving and action, and rejects the idea that the function of
thought is to describe, represent, or mirror reality. Pragmatists
contend that most philosophical topics—such as the nature of
knowledge, language, concepts, meaning, belief, and science—
are all best viewed regarding their practical uses and successes
[16]. The philosophy of Pragmatism emphasizes the practical
application of ideas by testing them in human experiences.
Pragmatism focuses on a changing universe rather than an
unchanging one as the Idealists, Realists, and Thomists had
claimed.



In fields like computer programming, which demands more
abstract thinking, for example, it is relevant to include practical
teaching approaches in the sense of the three theories
mentioned above [17]. We need to offer a learning
environment to satisfy the eager of knowledge from our junior
students just like Montessori claims (although we are not
working with children). The learning objects must reflect the
pragmatism of real-life projects to keep the students focused on
the learning goals, and it is necessary to fix the students’
knowledge from their findings based on the contact with real
objects. These approaches can play a key role in a better
understanding because they allow the materialization of
concepts and help to simulate abstract definitions through
practical exercises. Object-oriented programming languages,
for example, involve formalisms and other complicated
conceptual abstractions that may be very difficult to understand
without an active approach, access to proper learning material,
and by doing practical experiments and real-world exercises
[18]. In fact, there are many other obstacles in teaching
programming languages such as the difficulty of understanding
the language syntax, the complex structures of algorithms, and
other fundamental concepts. All of them must be considered
when planning an appropriated teaching-learning methodology
[19].

Similar problems occur when teaching programming for
embedded systems. This kind of system is an integral part of
many devices in modern life, as it specifically targets the
control of widespread products like mobile phones, digital
TVs, games, robotic objects, and many other devices. That is a
very important area in new electrical and computer-engineering
curricula all over the world. Those curricula cover a bunch of
multi-disciplinary fields and frequently start teaching
programming by using the C Programming Language.

Having this context in mind and aiming to, in one hand
minimize the described problems, and on the other hand,
maximize the motivation of new students entering our
engineering courses, a Didactic Framework was developed at
UFAM and will be presented here. This Framework is already
in use in first-year classes for Electrical Engineering, Computer
Engineering, and Computer Science students. The courses are
mostly four credits, what means 60 hours per semester and the
students have no previous programming courses at their
program. The specific learning goals of this course is to
domain the C programming language, which is normally the
first approach to programming computers at our university. It is
also expected that the use of this tool helps to reduce the
dropout rate. At the end of the semester, the students are
supposed to develop a software system in teams and compete
by solving a common programming project. The paper is
divided into two parts, one presenting the Framework designed
to help lecturers and students in the teaching-learning process,
and another describing the adopted motivational methodology.

In fact, the proposed Framework tries to minimize the
difficulty of understanding abstraction concepts (feeling,
intuition, perception, and thought) presented by new students.
It was necessary to develop a user-friendly tool containing the
core subjects of a specific programming language, its
commands, libraries of reusable functions, and other relevant
details. In order to reduce the abstraction problems, a

commercial mobile robot was used as a learning platform. The
idea of using a robot raised from the premise that these devices
are designed and engineered to help humans to perform certain
tasks. It should be easier to recognize such tasks and to
program the robot to solve them. In fact, when interacting with
the real object using its components (controllers, sensors,
actuators, manipulators, gears, etc.), the students can establish a
relationship between the real world and their intellectual
perception, i.e., improvement in their cognition. Also, there are
many positive reports on the use of robots as learning tools.

The second part proposes a way to motivate the students
through the techniques of Collaborative Learning and
Competitive Learning. These approaches are well-known
methodologies in education, which arise from the need to insert
interactive procedures for students in conjunction with the
educator to establish the understanding and interpretation of
information for specific issues [19, 20]. Some authors have
pointed out negative aspects of these techniques [21, 22], while
others have pointed out that they motivate the students, allow
the exchange of experiences, arise better understanding, and
develop diverse teamwork competencies in an active approach
[23, 24]. In this phase, a certain mission is proposed for the
students; they are divided into groups that should complete the
mission, and that compete towards the best solution. Their
step-by-step work is graded according to the obtained results
and the quality of the delivered software. At the end, just like
in any other real competition, the one that better meets the
needs and expectations of the client (lecturer), in respect to
their specific mission, is considered the winner.

In resume, the main objective of this work is to present a
didactic framework capable of minimizing the lack of
abstraction and motivation of students in the classroom, more
specifically, in the disciplines of software programming
language for embedded systems. This paper is structured in the
following manner: Section II — contains the related work and
specifies its motivation; Section III — show details of the
proposal; Section IV — evaluates the obtained results; and
Section V — presents some final remarks and future work.

II. RELATED WORK AND MOTIVATION

Many educators are researching the proper way of using
technological tools to minimize difficulties in the teaching-
learning process [25, 26, 27]. In many underdeveloped
countries, the education system is experiencing a major crisis.
The OCDE (Organization for Economic Cooperation and
Development) maintains a ranking of education in 36
countries, in which the authors’ country currently bitter one
bad position. Among the main criteria evaluated by the OCDE
are the performance of students in PISA (score and position in
the world ranking), the mean number of years that students
spent in school, and the percentage of the population enrolled
in higher education [28]. In general, this tough situation of the
fundamental school reflects on the universities, mainly in the
first year of higher education.

A well-designed framework is one that focuses on the faced
problems and facilitates the usage of the existing tools. When
such a tool is incorporated into undergraduate curricula, it will
certainly help lecturers to prepare better classes training the



students for problem-solving projects [29]. It is also
demonstrated that well-planned learning competitions among
students provide an elevated level of understanding [30].
Reported results showed that more than 95% of such learning
teams had applied their basic acquired knowledge properly in
embedded systems and robotics, 60% of teams have applied
their knowledge to develop a solution for a problem, while
more than 30% of the teams could critically analyze the
problem effectively. The preliminary results show that such
methodologies are attractive and can, in fact, motivate the
students.

Many researchers reported positive impacts of using robots
or another device to keep the students’ attention and to
facilitate the understanding of complex concepts [31, 32, 33,
34, 35]. Student competitions also provide an elevated level of
understanding of the learning subjects and improved the
students’ satisfaction [2, 17, 21]. It also helped students and
lectures to focus on the real learning objectives. Nevertheless,
robots are not the only one existing artifact to improve learning
of computer-related subjects [36, 37, 38].

Huggard and colleagues reported that one of the most
relevant changes in the curricula of engineering courses had
been the emphasis on the development of personal skills [39].
These skills include the ability to learn through collaboration
and critical reflection of the individual behavior [40, 41]. This
research reports on how cooperative learning was integrated
into practical modules in engineering courses for first-year
students. The authors explored the practical experiences of
students to encourage them to increase their significant
reflection. Other studies detail phenomena that influence the
attitudes of engineering students about cooperative and
reflective learning [42, 43].

Based on this assumption and motivated by these studies,
this work had two main goals. The first goal was to develop a
framework to be used in the practical part of a programming
language course and the second goal was to create scenarios
that implement the motivational methodology, where the
framework could be used as a practical tool common to all
participants.

III. DESCRIPTION OF THE DEVELOPED FRAMEWORK

The proposed framework was designed to minimize the
difficulty of understanding abstraction and other computer
science related topics, deficiencies normally identified in
students entering University. The framework should have a
user-friendly interface containing helpful features to lecturers
and students, and its technical content should cover core
subjects of a specific programming language, its commands,
libraries of reusable functions, and other relevant aspects. It
should also be tied to a practical approach designed to help the
learning of concepts and to increase the overall learning curve.

There are diverse commercial tools with those
characteristics that could be used partially in this work.
Nevertheless, it was desired to develop an evolvable
framework, i.e., one that the developers could modify based on
new lecturers’ demands. Most commercial tools do not accept
that possibility, and the authors decided to develop one by
themselves. On the other hand, the construction of the practical

device to be used along the course needed to be robust and
precise. It should not be a problem by itself, and the choice of
the authors was a didactic commercial moving robot.

The teaching methodology aims to keep the students
focused on the learning objectives and their assignments.
Inspired by some good reports in the literature, a mixed
approach containing characteristics of Collaborative Learning
techniques [38, 44, 45, 46] and Competitive Learning
techniques [37, 40, 41, 47, 48] was elaborated. Those
techniques motivate the students, allow the exchange of
experiences, promote better understanding, and help to develop
competencies more quickly [23, 24]. This proposal was applied
to a group of students, and their behavior along the classes,
satisfaction towards the framework and about the methodology
were observed, measured, and evaluated. In the next sections,
details of the developed work will be given, as well as,
comments on the evaluation results.

In fact, by achieving the overall objective, it was expected
to develop four specific capabilities of the involved students.
They are:

e Cognition — to develop in the students their capacity for
feeling, intuition, and perception of opportunity.

e Competence — awakening abilities in students, to put
into practice the theories and mental concepts that were
acquired during the course.

e Competitiveness — to improve in the students the
capacity to formulate and implement strategies, under
pressure, thus allowing a privileged status over the other
teams.

e Leadership — to develop the students’ skills of a leader
involving charisma, patience, respect, discipline and,
especially, the ability of positively influence
subordinates.

A. Proposed Framework

Fig 1. shows the main elements of the proposed framework.
The first is the Communication Device; it is the mediator
between the students and the core of the Framework (through a
User Interface). The Core Module contains a library of reusable
components focused on the C Programming Language and the
Target Embedded System. The third element is the Embedded
Systems itself which may be any device with known interfaces,
and that runs C programs. In this first approach, it was a
moving robot. The framework runs at the top of the operating
system aiming at manipulating actuators and sensors on the
robot, offering a well-defined user interface, and giving the
students appropriated material about the learning object.
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Fig. 1. Component Diagram of the Framework proposed.



In this first approach, the framework covers all aspects of
the C Programming Language. Examples dealing with
fundamentals of the language structure (selection, decision,
loops, etc.) were inserted on the framework. The same was
done for other important themes like program control
directives, common C functions, how to work with arrays, with
pointers, and with Strings.

The inserted didactic material covers the subject needed for
first-year students. By solving a typical example implies not
only in printing the result on the computer screen but also on
some action on our robot.

[ ) e
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*  Framework -

Muitimedia

Fig. 2. Initial Interface of the Framework.

Fig. 2 shows the initial screen of the didactic framework; it
makes the interaction between the User and the Embedded
Systems. Its menu displays and allows the selection of learning
tools for the teaching process, composed of the following
items:

e Lessons — with theoretical specific content to explore
and with the option to insert new material for the
teaching of programming languages. A first attempt was
made with the C programing language. Fig. 3 shows an
exemplary screen of this area.

e Activities — this area contains practical exercises
focused on the desired learning topic. Lecturers are free
to insert guided procedures, and the students are
supposed to conclude their assignments properly. The
students may make use of pre-defined commands and
other options to control the robot or may program it
directly in C. Fig. 4 contains one example for the robot
commands. The Framework has the options Commands,
Execution, and Simulation. The components of this
option are input and output commands, decision
structures, and repeat structure. It also contains initial
default Variables that may be modified during the
experiment. The Operators palette offers arithmetic,
logical and relational options on the C Language, and in
the Movements palette some functions tied directly to
the robot behavior. After the creation of a project, the
students may simulate or execute a robot command. For
the simulation, the area where the robot may move was

delimited through the showed Cartesian plane, that is, in
the x-y axis and has a maximum of 480 units wide by
360 in height. The black dot on the grid shows the
robot. The real execution of the project runs on the real
robot that moves on the laboratory floor.

e Searches — an area designed to direct research
commands, programs, and other resources on the
internet. Predefined links will help students to find
programming alternatives. Fig. 5 contains a screenshot
of this part of the Framework.

e Multimedia — this area contains text, audio and video
resources related to the programming language. It also
offers one Help menu with access to users’ manual (Fig.

Welcome to the C
Programming
Course!

Fig. 3. Component Diagram of the Framework proposed.
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case scanf("%d".82)
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Fig. 4. Library of Components of the Didactic Robot.

A communication interface was also implemented between
the core module and the embedded device. This interface
makes use of a transport primitive (Socket) of type
SOCK STREAM (data travels in the form of stream
characters) to implement the interface commands in the
framework. The Ethernet standard 802.11 is used to perform
the interconnection and to create one Access Point (AP)
between the computer and the robot.
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Students should not worry about the programming of the
robot itself. They should focus only on the aspects of the C
programming language. A set of guiding libraries, which reuse
software components of the robot (controllers, sensors,
actuators, handlers, etc.) were integrated into the framework.
They are responsible for executing commands for moving the
robot to different directions (right, left, front, and back). Fig. 7
contains one robot command example. The proper choice of
commands and parameters from the library of the Didactic
Framework is responsible for managing the basic movement of
the robot. Correct usage of the C programming language will
result in the proper robot command execution. In fact, the in C
written commands will access the application-programming
interface (API2) of the robot and will trigger the necessary
component. API2 also gives full access to robot's sensors and
actuators. Using this platform is easier to learn the C directives
because you can confirm that a correct C program resulted in a
desired robot’s behavior. For example, if the students need the
robot to turn left or right, they will make use of directives of
the framework to move the robot. After this configuration, the
framework interprets the in C language written programs,

formats the requested command in accordance with the robot
directives, and sends the command to the robot that should
behave properly. Other pre-defined functions are responsible
for setting coordinates, establishing moving speed, performing
detection of objects in the route, etc.

The mobile robot used in this project was the Robotino®
from Festo Didactic (Fig 8). The robot is composed of three
omnidirectional wheels, arranged at angles of 120°, which are
individually controllable. The Robotino® has many sensors
like light sensors (infrared), impact sensor (also called
Bumper), color sensor, inductive sensor, and one image sensor
(a camera with VGA resolution). Additionally, it contains
optical encoders wheels, power measurement for the entire
system and the various engines, as well as a monitor of battery
charge status. It can also be equipped with additional
peripherals, like a laser scanner, a gyroscope and a tracking
system in interior spaces. The robot has several interfaces like
USB, Ethernet, eight digital inputs and eight analog ones, eight
digital outputs, additional engine power for driving high loads,
and entry of additional encoders [49]. The most important
characteristic is that it is reliable and robust enough to support
the curiosity of students.

Fig. 7. Robot command example.

Fig. 8. Robotino Festo Didactic [www.festo-didactic.com].



B. Motivation - Learning Techniques

The proposed methodology has two main events. In the
first part, the students are supposed to learn in groups. The
lecturer sets up the learning goals and asks students to develop
the desired theme by themselves. Those activities must be
executed in groups and teammates are supposed to work
together helping each other. During the whole semester, the
lecturer is always available to help students. The second part
consists of a competition among teams. In one pre-scheduled
date, the teams meet in the laboratory, and a set of assignments
are distributed. They should solve the problems and points are
given based on the correctness, style, and time of the resulting
solutions. In the end, one team is declared a winner.

e Cooperative Learning

The adopted cooperative learning approach was based on
the assumptions presented by Huggard [39], but the didactic
framework was adopted here, as the only tool to support the
teaching-learning process. Student teams were formed at the
beginning of the course. One leader per team was chosen, and
they organized, together with the lecturer, the desired activities
for the rest of semester. These leaders selected the rest of the
members of their teams through a stochastic rotation system.
Some basic rules for the formation of the teams were:

- Each student should take part of only one team;

- Each group must have a name chosen by consensus
among all members;

- The leader is responsible for presenting the results of the
team, and for the coordination of all activities; and

- The teams should use the didactic framework to solve the
proposed problems.

The lecturer defines the meetings frequency, and the
members of the team must propose a set of activities that cover
all the desired learning topics. They should plan their learning
schedule, as well as propose guidance meetings to resolve
possible conflicts. The lecturer must define the schedule and
the location of the class meetings and offer alternatives in the
event of unexpected changes.

In general, any other aspect that can be considered
important for the development of activities must also be
specified. The objective of establishing rules is to allow
students to decide by themselves team procedures on how to
cooperate. Finally, the lecturer makes sure that all team
members are uniformly involved in the learning activities.

After the definition of the organizational structure, a set of
theoretical problems is proposed to each team. These problems
were designed to help the students to achieve the fundamental
concepts of the programming language being learned. After the
teams have solved the problems, the second phase of the
learning process starts. This phase is based on a competition
among the participating teams. Fig. 9 summarizes the
cooperative learning process.

e Competitive Learning

The teams meet in the laboratory and prepare themselves
for the competition. The correct solution of diverse common

tasks results in the final score of the team. A better score will
be given to the team that presents a better result. During these
activities, the lecturer can select one of the team members to
explain the proposed solution to the rest of the participants.
This student will be responsible for the team’s obtained grade.
Fig. 10 represents the Competitive Learning approach.

A set of activities, theoretical as well as practical, are
distributed to the competitors. They should solve the problems
together in their teams and present the proposed solutions to all
participants. One particular set of activities involves the control
of the mobile robot by using the didactic framework.

Team
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Fig. 9. Cooperative Learning Process.
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The most exciting competition event is the one with the
mobile robot. In our last semester, the teams were supposed to
develop an algorithm to complete a racetrack. The winner was
the team with the most efficient algorithm, the one that
completed the track in shortest time.



The final score of each team is generated by adding the
average score of each activity and the score obtained at the
robot race. At the discretion of the lecturer, there will be one or
more winners on diverse categories of solved problems. The
lecturer can decide if only the best team get extra points or if
all the teams that presented outstanding results deserve points
as a prize. Moreover, at the end of the activities, they are
supposed to celebrate together for getting the job done

IV. OBTAINED RESULTS

To measure the impact of the usage of our framework two
surveys were done. The first focused on the usability of the
systems and the second on pedagogical issues. Additionally,
we compared the grades obtained on previous semesters with
the ones obtained in this current course, as well as de dropout
rates. The framework was evaluated through the same
principles established by the ISO Norm 9241- Part 10 -
Dialogue Systems, based on the ten usability heuristics,
proposed by Nielsen [50], to measure the general usability and
the Nokelainen method was used for evaluating the pedagogic
usability criteria [S1].

This first set of questions, inspired by Nielsen’s method,
was applied to 15 students distributed in three teams. They
evaluated the tool through general usability criteria, and the
results were very promising. Namely 73.33% of the students
(11 out of 15) were satisfied with the framework, 20.00% were
partially satisfied (3 out of 15), and only one student was not
satisfied (6.67%). The main reason for this negative result was
that this student preferred classical classes with less practical
exercises and claimed that the framework did not work as
specified. In a next round, we plan to check along the course
(in the first third of it) if all technical aspects of the framework
are well understood and working properly.

Majority of the students claimed that the practical usage of
the robot was a positive factor. They related that it was easier
to understand some concepts because they could see a
“response” for their abstract programs. They also affirmed that
“playing” with the robot was one of the reasons to keep them
motivated along the semester. One issue on the robot was the
frequent battery recharge needed what sometimes caused
delays on the execution of the practical experiments.

Another set of questions that used the Nokelainen’s method
was focused on the pedagogic usability. The goal was to verify
if the tool along with the methodology was able to help
students in the learning process. In other words, to verify if the
proposed framework reached the expectation of the student in
the classroom. Once again, the evaluation was very positive,
80.00% of the students were satisfied, 13,33% were partially
satisfied, and 6,67% were unsatisfied with the tool and the
methodology used.

The positive results obtained with this second questionnaire
could be confirmed when we compared the average grades of
this semester with previous ones. They raised considerably
(about 15% better), but one can claim that different evaluation
methods were used. Unfortunately, there is nothing to do with
the existing results, in fact, we need to formulate a consistent
evaluation methodology and follow the students’ grades from
now on.

What we can affirm is that the dropout rate, as well as the
fail rate, reduced when compared to the same course in
previous terms. The dropout obtained in this course was 18%
lower than the known average while the fail rate reduced 12%.
These results also must be followed up in the next semesters,
and a set of questions about these two topics shall be applied.

V. CONCLUSION

This paper described the proposal of a Didactic Framework,
whose objective is the teaching of the C programming
language utilizing software tools, a mobile robot, and a
cooperative/competitive learning method. The proposed
methodology brings the students together in teams along one
semester, which compete with other teams by trying to solve
problems proposed by the lecturers. The proposed actions must
be done in collaboration, and every activity resulted in points to
the team.

Participating students were supposed to develop a software
program to control a mobile robot. They delivered products
developed by themselves (individually) and in collaboration
with other students belonging to the same team. Every activity
generates a score for them. In the end, one competition took
place among the teams. In this proposal, all participants earned
points, regardless of losing or winning the competition.

The available resources in our proposed didactic framework
can increase and be adapted to the lecturers’ goals along a
specific course, what makes the tool interactive and flexible.
The use of the mobile robot has proven to be a very effective
way to improve learning. Finally, the competition at the end of
the semester was a very interesting motivational instrument as
well.

Next steps are related to finishing the deployment of the
Didactic Framework. The final interface will be designed using
concepts of usability for education, and it is supposed to
increase the benefits of the teaching-learning process. A major
survey will be done seeking feedback from students and
lecturers through qualitative and quantitative assessments.

The Didactic Framework provides a promising approach to
improve the learning of abstract concepts as well as improve
the motivation of the participating students. Care must be taken
during the application of the proposed methodology, and a
balance between competition and cooperation should be
achieved to increase the learning result.

Future works include repeating the experiment with new
classes, integrate other programming languages, and insert new
tools that consider web and mobile applications. We will also
follow up the results and investigate the impact of the
framework on the learning process closely.
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