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Abstract—This Innovative Practice of a Full Paper presents
new ways of teaching classes. The teaching methodology of the
algorithm disciplines of the first years of Computer Engineering
courses directly affects student performance throughout the
course. The current education system is in transition, taking slow
steps in new ways of learning. By promoting self-reflection and
critical thinking, students can develop problem-solving skills and
observe an application of the tools learned. A proposed methodology includes new structuring of the discipline “Algorithms and
Data Structures I” at the Universidade Federal do Rio Grande
(FURG), with the learning of a modern programming language
and the transformation of the classic classroom model to new
methods and dynamics. Computational thinking is fundamental
at the beginning of the course. From this, all students receive
a introduction course at the beginning of the college year to
immerse in dynamics to practice logic. Classes began, students
received an extension to the basic learning of the discipline
(the fundamentals of algorithms and Python as a modern
programming language) and at the same time they received an
assignment, a problem resolution, where they had space and
time to develop a game with the theme of their choice. The
activity requires teamwork and creativity. As lectures run as
workshops, allowing collaboration and project creation, with the
help of teachers and older students as tutors. To complete the
program, an event made available by the university was used
as an environment, for visitors, scholars as well for high school
juniors interested in software, to attend and learn about. As a
preliminary result of the new implementation methodology, after
4 years, there was an increase in the approval and average grade
of learners.
Index Terms—education, algorithms, computing, teaching
methodology

I. I NTRODUCTION
As technology evolves, increasingly automating processes
and decreasing human interference in repetitive tasks, the need
to adapt and innovate such technologies arises exponentially.
The methodologies used in the Brazilian educational system
have been becoming obsolete due to the inevitability of innovation. It is fundamental to improve these teaching methodologies and to to guide students on the path of creativity and
innovation, especially on problem-solving skills.
One of the factors that influence students’ dropout is the
assessment methods and didactic-pedagogical deficiency of

teachers [1]. The expected is the methodology change in
teaching on a subject as important as Algorithms, motivates the
classes to reduce dropouts, essentially seeking to avoid the lack
of motivation created by unpreparedness and discouragement,
that happens when there is a belief of an extremely hard
obstacle as observed [2].
By joining a Computer Engineering degree, students are
dedicated to comprehend programming logic in their first
year. “Algorithms and Data Structures I” is a fundamental
discipline at the beginning of the course that refers to the
programming introduction. The initial goal is to explain the
principles that form the institution so they can have a light to
follow [3] and to train people so that they have consistency
in computational thinking and the necessary attributions to
advance in graduation [4].
These initial encounters for balance general knowledge are
fundamental. Most of them have never had contact with any
programming language, saving those who come from a technical school related to computing. Even with the technology
advancement, exists a lack of knowledge in Brazil’s high
school about computer science. Most students from Brazilian
public universities are low income or come from public school
[5], of these less than half have a computer at home and
more than a third do not have access to the internet [6]. No
theory can be understood outside the complexity of social,
structural and super structural relations, which constitute the
set of conditions of production. [7]
With the basics of algorithms taught, scholars must develop
problem-solving skills [8]. The project named “Gaming” has
the purpose to allow students to practice what was being
learned through the development of a game. The most common
reaction when games are involved is joy and pleasure for the
activity developed as mentioned [9], games can be efficient
tools because they have fun while motivating, facilitating
or learning and increase the ability to retention of what
is taught, exercising as mental and intellectual functions of
the player. Dolmans have noted that “problem-based learning stimulates students towards constructive and collaborative
processes which influence learning positively” [10, p. 736].

The classes followed a specific structure. Class time was
divided in two, first teachers demonstrated concepts and structures and then an workshop model class where they could
create freely and in groups. Teachers and scholarship students
was available for orientate the whole practice.
The act of producing knowledge is not the work of a
singular conscience, but one of the forms of social practice. [7]
The university built collaborative spaces [11] throughout the
campuses that were used to provide monitoring for students
who needed help with their studies and for those who wanted
to develop any kind of work or exchange experiences with
their colleagues.
To extend knowledge to society [12], the outcomes were
presented at a university exhibition-fair that happens inside
the university campus.
“It is noticed that university extension as a form
to establish a relationship between higher education
and society it is essential to form citizens committed
to the social reality” [14]
Scholars had their first-time contact with a “user” in their
first year of graduation. The game presentation was also used
for teachers as an evaluation method.
As Freire says in [7], it is very important to always ask
students and understand their reality, in modern times data is
used to have this answer in a way that approximates reality.
This strategy was developed to run as a cycle, developed
in six steps, III-A Features and Approaches III-B Prepare for
Training III-C Teach and Share III-D Focus and Create III-E
Share with Community III-F Feedback and Learn. The purpose
was to create a healthy environment for students to learn,
connect with the community and all involved see it thrive.
It evolves not just computational software interconnected with
teaching, but a whole perspective-changing.
This paper describes a methodology that changes algorithms’ ways of teaching, with an emphasis on critical thinking
and practical theory. Compare grades and approbation parameters before and after the modifications and relate to the
communities’ and students’ evaluation.
It is appropriate for college staff who aspire to collaborate
to increase the motivation level of students, intend to decrease
the number of dropouts and failed students, also to encourage
critical thinking and get better results in teaching problemsolving skills. When allowing the community to participate
and integrate, it works as a scientific divulgation.
II. M OTIVATION BACKGROUND
Learning in any area tends to focus on two types of knowledge, the declarative, which involves concepts and principles,
and the procedural that refers to the use strategy, how to solve
problems. Knowing a programming language is crucial to
develop more complex reasoning, and can be used to develop
problem-solving skills as argued in [15].
Linn and Dalbey [16] shows that there is an archetype chain
of cognitive achievements to be achieved by teaching a programming language. Three principles make up the archetype:
First an adequate training of single language resources through

expository classes and workshops for development. Second,
experience in project development through the receipt of a
basic problem. Third is the acquirement of general problemsolving skills. They also show a better result in learning
through practical activities of developing simulators and didactic visual tools for the representation of abstract concepts.
Group formation consists of learning to learn, as redefinition
of learning models in which we were configured, group
didactic recover for learning the social character of knowledge
production. It allows the exchange of information, of vital
experiences, the confrontation of learning styles. Information
and experiences and styles can be processed and articulated
in an enriching group synthesis for everyone and for each
member. [17, p. 25]
The importance of teaching programming as seen in [9]
reinforces the use of pedagogic strategies alongside with available technologies to instruct algorithms. The use of creating a
game as a problem is due to the motivation factor.
This motivation factor, according to the systematic literature
review made by [18], teaching-learning programming through
digital games at colleges published in the last few five years,
in relevant events and magazines in the area demonstrate how
important it is to use games in teaching. Most of the articles
analyzed shows that the games collaborates to improve student
performance in programming disciplines, and the games have
general acceptance from students.
In [19], it was investigated ways to increase students’ interest in informatics and programming and make them able to
develop simple games. It shows that in computing graduation
courses, game developing is a factor that can greatly increase
students’ motivation and contribute to their training.
To make object-oriented programming introduction less
abstract and theoretical and more motivating, [20] also using
a literature review observed that games are a powerful tool
to optimize the individual’s cognitive development. Learning
algorithms can be fun, and this methodology uses this motivating elements in different aspects.
Due to its simple syntax compared to other languages, [21]
showed that using Python for teaching algorithms makes it
easier to present concepts, being coherent with the initial
strategies for algorithms teaching, making it fundamental to
make this methodology more appropriate to the new way of
teachings.
III. M ETHODOLOGY
This teaching methodology is divided into six steps. These
steps create a cycle with the purpose to renew the environment
and become self-sustainable.
A. Features and approaches
Teachers, students and visitors expose different points of
view about the new routine at college in the first meeting
among all new students. The expectations are balanced before
they have training in computational thinking and programming
logic.

The meeting must show students the institute principles, so
they would direct their attention to the energy and relationships
required to achieve the desired outcome, as [22] describes,
when each person is trusted to work freely with those principles, to interpret them, learn from them, talk about them, a
pattern of ethical behavior emerges.
The technology center can be seen as a dynamic system.
Consider that there are individuals and groups working for
multiples purposes which follow a few key principles that
express the system’s overall identity.
If we recognize that organizations are live systems, possessing the same capacity to adapt and grow that is common to all
life [22] and as it is not possible to control every individual
of the system, principles can be used as guides, guaranteeing
freedom to express their creativity and following organizations
goals.
B. Prepare for Training
These primary subjects such as computational thinking and
programming logic were conducted as a workshop [16] that
happens before the year’s planned classes begin. The whole
workshop organization was managed by students and had
at least three tutors (volunteers) per class. A participation
certificate for the students involved with the organization
was guaranteed. The available resources in the class were
developed to be appealing for all students, through dynamics
and playful activities such as the use of games and challenges
during activities. It is optional for the use of games like Scratch
or block programming software.
C. Teach and Share
During the year, among the early month’s classes, was
illustrated the basic structures of algorithms using the workshop model [16] in the classroom. A modern and popular
programming language was lectured. [21]
Laboratories with good computers were available, where
classes happened. Students sat side by side in their computers.
The class time was divided in two: The first part, teachers
demonstrated concepts and structures with live examples so
they could test in their machines. Exercises were given at the
other half of the class, they were free to do exercises in groups,
search on the internet, see videos or help each other. Three
teachers and scholarship students was available for orientate
the whole practice, answering questions and making critical
thinking happen.
Collaborative spaces were created throughout the whole
institute, provided with students that had already approved in
the subject, to support those who prefer study groups, having
tutors available at the times specified in those spaces. [7]
To employ students in practicing problem-solving skills
online judges [13] were used to solve problems in real-time,
as homework.
D. Focus and Create
As soon as the professors noticed that the students were
more confident about the content learned, the problem [8],

[16] was designated and had to be solved through the next
months. The development was a game where the theme was
a students’ choice, it needed to be done in four months of
class plus one month of university holiday. This time limit
was necessary so the game could be ready for the final event.
Groups were formed of two or three students. All needed
preview knowledge for the development of the game was
demonstrated in class. The class after the release of the
problem for game development followed the preview structure,
reducing the time of presenting concepts: The encounter
time was composed of one-third of the class, the professors
presented concepts and structures, and the other part, the class
was made as an workshop [16] composed by the professors
and of scholarship students orienting the practice.
While creating the games, students were allowed to use their
creativity choosing their themes. Professors closely followed
learning, ensuring that the tools previously learned had been
used.
E. Share with Community
By the end of the period of the task, the games were
presented in an environment that is intermediate between high
school students and citizens interested in knowing university
affairs.
The students who developed the game, work on a schedule
during the fair. They were oriented to present their games to
visitors, explain what it is like to study at the university, to
deliver a pamphlet talking about the courses.
Buses were available to bring young audiences (13 to 17
years old) still at school to see, learn and play. Scholars
had their first-time contact with a user in their first year of
graduation. Before leaving, visitors complete a survey about
the games and the course. The game presentation was also
used for teachers as an evaluation method.
F. Feedback and Learn
Survey was available to collect valuable data, that helped
to understand better the needs and activity evaluation. The
forms were sent in the year after the activity happened to
students that participated, so they could evaluate better. Course
coordination has to evaluate and analyze the metrics, compare
with grades and assiduity, adapting actions as needed.
This cycle has a year duration, according with the following
schedule the step III-A has a one-day duration following the
step III-B with three or four days varying as needed and
college calendar, starting classes by step III-C lasting a whole
two months varying between step III-D in which the next four
months follows getting done to III-E where the event happens
allowing step III-F that can happen until the end of the year
before the new cycle begins.
IV. R ESULTS
In a first moment, data were extracted from the college
system, made available by course coordinators, from 2014 to
2019. Table 1 shows the number of newcomers students.
It was considered an analysis divided into two phases:
before and after 2016 where the changes started. Another

TABLE I
C OMPUTER ENGINEERING STUDENTS ’ NUMBER
2014
45

2015
52

Year
2016
2017
48
47

2018
50

2019
47

consideration is 2018, due to students with a very low grade at
SISU (Unified Selection System, a program that democratizes
access to university), increased the first-year dropouts as
expected [23].

Fig. 1. Percentage of students approved, failed and dropouts from each class.

Analyzing the dropouts numbers in Figure 1, they did not
have significant variation until 2018 when increased to 48% for
the first time and showed a big drop to 26% in the next year.
This shift happened only due to the implementation of the socalled “collaborative spaces” and close monitoring of students’
performance that was implemented only in 2019. These 26%
represents 12 dropouts from 2019, where 6 of these came
from subsequent calls (when a student is not approved on the
first call from SISU, he can be approved on subsequent calls),
which lessens the likelihood of continuing on the course. [23]
The approvals number seen in Figure 1 shows a significant
increase in the percentage, raising from 37% in 2015 to 42%
in 2016 going to 51% in 2017 and dropping to 34% in 2018.
Increasing again to 49% in 2019.
To illustrate the difficulty and probable inaccuracy of
pointing out a single cause for the student’s dropout [24],
reproduces the phrase of T. E. Corts, former president of
Samford Unviersity:
“As there are certainly 50 ways to end a love affair,
according to a popular song, there are also 50 ways
and 50 reasons for a student to end his “love affair”
with a college. Short-term campaigns to accommodate students meet momentary emergencies, but do
not build long-term commitments. Some research
indicates that students do not abandon colleges for
big reasons, but because of the accumulation of

small reasons that destroy their justifications for
choosing an institution.”
It is noted that there are countless factors that influence the
student’s decision to leave the institution [14], [24], some of
the factors that are reached with these changes are:
• Irritation with the precariousness of the services offered
by the institution.
• Disappointment with the little motivation and attention of
teachers.
According to [24], there are points to decrease evasion,
which were based on some successful examples released
internationally:
I Establish a working group to reduce evasion.
II Assess evasion statistics.
III Determining the causes of evasion.
IV Stimulate the vision of the institution, focused on the
student.
V Create conditions that meet the objectives that attract the
students.
VI Making the environment at the institution pleasant to
students.
VII Create student advice and guidance program.
Considering these points, it is clear that through the changes
in the methodology, creating this new cycle, several actions
and stages are mixed with the successful examples. Trying
to understand the reasons for evasion is a complex activity,
but taking into account the teachings of Paulo Freire where
it is necessary to consider the entire context where students
and teachers are involved, and comparing with modern applications, we see an optimistic advance in relation to numbers
approved which grows in a non-linear manner.
In the creation of a new ecosystem, the first years are of
structuring and trust in the system, the data of the works
already carried out make the new methodology a favorable
possibility for institutions and coordinators that intend to take
risks with new changes.

Fig. 2. Average of students grades from each class.

Figure 2 represents students’ final average grade over the
years, it does not include the dropouts. Before the changes its
seen an average grade of 5.8 with deviation 2.66 in 2014 and
6.20 points with deviation of 3.24 in 2015. After the changes
the average was 7.8 with standart deviation of 2.46 in 2016,
the average of 7.25 with standart deviation 2.42 in 2017, 6.30
and deviation of 2.8 in 2018 and 7.20 with deviation of 2.59
in 2019.
The determinants of student grades vary from study time,
context, skill, motivation, organization. Even if it were tried,
it would be complex, and by the time we succeed, it may have
become obsolete. So how to adapt the student evaluation in
this dynamic reality?
Considering that [25] reports that one of the main influences
on the student’s grade, the study time, this new methodology
through the use of adapted classroom model, using current
subjects that interest students and making it fun together with
the development of something practical that the result can be
observed by them in the short term, increasing motivation
levels (as can be seen in table III), it can be related to the
non-linear increase in grades.
The new methodology is very recent, and it is fundamental
a persistence in its application during a long period of time so
that its real effects are noticed. Until then, this slight optimistic
non-linear growth encourages continuity.
TABLE II
C OMMUNITY ASSESSMENT
Question
Number
Q1
Q2
Q3

1
2.9%
12.9%
29.6%

Option
2
3
8.9%
47.6%
37.1%
43.6%
2.2%
27.8%

4
40.4%
6.4%
40.4%

Reviewing the community rating, 285 visitors passed
through the workshop over these four years (2016-2019),
responding to a quick survey. The questions were (Q1) ”What
did you think of the games?” [4 Loved It — 3 Liked it — 2
Nothing big — 1 Not the expected] (Q2) ”Do you understand
the difference between creating a game and playing it?” [4
Yes, and I know how to program — 3 Yes — 2 I think so —
1 I really don’t know ] (Q3) “Did the open week make you
consider doing Computer Engineering?” [4 Began to consider
— 3 Already considered — 2 Used to consider, but now not
anymore — 1 Did not want nor changed my opinion]
TABLE III
E VALUATION BY STUDENTS
Question
Number
Q1
Q2
Q3*
Q4*
Q5

1
3.7%
18.5%
9.3%
3.7%

2
7.5%
5.6%
13%
5.6%
7.4%

Option
3
18.9%
25.9%
31.5%
20.4%
14.8%

4
26.4%
27.8%
25.9%
29.6%
22.2%

5
47.2%
37%
11.1%
35.2%
51.9%

Analyzing the students’ assessment of the activity, questions
were asked that could be answered on a scale of 1 to 5. Where

1 would be [Terrible / It didn’t help at all*] and 5 would be
[Great / It helped a lot*]. The questions were. (Q1) ”How
do you describe the experience of creating games in your
first year?” (Q2) ”How do you describe the experience of
having contact with the customer and presenting your created
product?” (Q3) “Analyzing this experience in general with
Gaming, did it help you to get a better idea of the area
of work of a computer engineer?” (Q4) “Did this activity
help to increase your level of motivation in any way?” and
(Q5) “How do you evaluate the methodology of learning the
python language in the first year of the course? (Independent
of didactics) ”.
Table 3 shows most of the students had a positive experience
participating in the creation of a game (73,6%), using Python
in their first year of college (74,1%) and presenting it to
people who actually played it (64,8%). It also shows to be
inconclusive whether students find developing games in their
first year to be what a computer engineer does in their career,
which is expected because they are in their first year. When
talking about motivation more than a half found the activity
increased their level of motivation in some way (64,8%).
Table 2 shows when speaking about community most visitors had a positive experience testing the games (88,3%)
furthermore when asked if they understood the difference
between creating a game and playing it, 50% claimed to know
the difference. About whether the visit made them consider to
join a computer engineer degree, 40,4% of visitors began to
consider, 27,8% already considered it.
V. C ONCLUSIONS
Learning algorithms at 21th century is very important, as
having critical thinking and problem-solving skills. These
results confirm an optimistic scenario change due to a cycle
that has been created, indicating that the new methodology,
together with constant monitoring of students and specific
actions (such as using the monitors and retaking tests if
needed) gives indications that it is possible to reduce evasion.
As focusing on achievement and learning, it is elementary
to make available institutional resources, bring staff together
to analyze data, have feedback and learn, search for new
perspectives, expand the web and support more local efforts
and innovations. [3]
This presented methodology is an idea of how it can be
done, results may vary, but when seeking evolution, longterm growth is certain. Especially in institutions that may be
experiencing obstacles in their development. We believe in a
world where education is accessible to everyone. Students are
the future of this world we hold. If we can inspire them, we
can create an infinite cycle of prosperity.
In practical means, course coordination needs to be willing
and determined to generate new changes regardless of the variation in results. Always looking forward to creating reasonable
changes.
For scalability to happen, it is essential that a well-paid
scholarship candidates that guarantees the occurrence of technological and cultural integration events, creates campaigns

so that all differences are respected, continuously. We cannot
count on the likelihood that the ecosystem will willingly
depend on it to continue functioning with stability and balance.
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