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Abstract. The contents taught in the programming subjects have a great relevance in the forma-
tion of computing students. However, these subjects are characterized by high failure rates, as they
require logical reasoning and mathematical knowledge. Thus, establishing knowledge through the
subject of algorithms can help students to overcome these difficulties and absorb the contents and
skills required. Thus, this work aims to present and discuss the results of a second experiment on
the application of a teaching plan composed of several active methodologies (Virtual Learning
Environments, Coding Dojo, Gamification, Problem-Based Learning, Flipped Classroom and Se-
rious Games) in an algorithms subject. Based on this experiment, it was evaluated whether there
were learning gains compared to the learning acquired with the traditional method. Finally, an
analysis was performed using the two-tailed Student-t approach, used for independent samples,
which presented statistically significant results.

Keywords: active methodologies, coding dojo, gamification, problem-based learning, virtual
learning environment, flipped classroom, serious games, programming class, learning and teach-
ing, experimental study.

1. Introduction

Computer programming, in addition to being a mandatory subject in computing courses,
is the basis for training professionals in the area (Ding, 2019). In view of the importance
of this subject for the training of students, organizations, institutes and societies related
to the area have developed and maintain guidelines that guide universities in the elabora-
tion of their syllabus, as is the case of the Association for Computing Machinery (ACM),
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the Institute of Electrical and Electronic Engineers (IEEE) and the Brazilian Computer
Society (SBC). In Brazil, for example, the National Curriculum Guidelines (DCN) guide
universities on the importance of building a solid base of knowledge regarding program-
ming and logical reasoning skills (Brasil, 2016).

Programming a computer requires students to have skills ranging from cognitive to
metacognitive skills, as it requires a combination of logical reasoning and creativity,
in addition to the task of learning one or more programming language syntaxes (Eteng
et al., 2022). Teague (2011) states that computer programming is complex in nature.
Taking all these points into account, Oroma ef al. (2012) state that, for an apprentice to
become an experienced programmer, it takes an average of 10 years, depending on their
own interest. It is not by chance that programming subjects have a high rate of failure,
as reported (Eteng et al., 2022). As a consequence of failures, Hoed (2016) states that
dropout from courses has a higher rate among those who failed than those who man-
aged to pass.

For Sajjanhar and Faulkner (2019), the high numbers of failures reported by high-
er education institutions is an issue that must be taken seriously, since this percentage
reaches 40% in some cases. In addition, the authors emphasize that there is a systemic
flaw in the curricula of universities and that, therefore, solving these problems will lead
to a reduction in failure rates and, consequently, a reduction in dropout, leading more
students to complete computer courses.

In view of this, researchers undertake time and effort to minimize the high fail-
ure rates in introductory programming subjects (algorithms) (Vieira, Jinior and Vieira,
2015). These researchers propose to develop techniques, methods and strategies that
integrate these subjects with the many pedagogical approaches that aim to overcome
these challenges (Garcia, 2021). Therefore, researching, applying and evaluating new
algorithmic teaching approaches are necessary to improve student performance. Stud-
ies such as (Giraffa and Miiller, 2017; Vasconcelos et al., 2019; Fonseca and Brito,
2021) recommend the adoption of active methodologies that encourage student engage-
ment and make them the center of the teaching-learning process.

Thus, this work aims to present the results of a second experiment related to the
application of a teaching plan in an algorithms subject in an undergraduate comput-
ing course. The teaching plan is composed of a set of active methodologies, namely:
Virtual Learning Environments (VLE), Coding Dojo, Gamification, Problem-Based
Learning (PBL), Flipped Classroom and Serious Games. In addition to applying the
teaching plan, this work compares the traditional method applied in universities with
the method proposed in the plan. It is important to mention that this work is a second
experiment, the first one being carried out with a total of 68 undergraduate students
(Garcia et al., 2022). Meanwhile, this second experiment was carried out with 72 un-
dergraduate students.

In addition to this introductory section, this work is composed as follows: Section 2
presents a theoretical foundation, that is, concepts and definitions on the topic addressed
in the research, Section 3 brings the works related to this work, Section 4 deals with the
methodological steps used in this work and presents the strategy for applying the teach-
ing plan, Section 5 presents the data analysis of the experiment performed, Section 6
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presents the discussion of the results, Section 7 addresses threats to validity, Section 8
discusses the main threats to the validity of this work and Section 9 presents the conclu-
sions of the work.

2. Background

Computer programming has become so important that many practitioners have come
to consider that in the future the digital illiterates will be those who do not develop the
skills to program. The computer programming market will have a 22% increase in the
number of vacancies between 2020 and 2030 (US Bureau of Labor Statistics, 2022), and,
according to CIO (White, 2022), computer programming is among the 10 most wanted
jobs in the technology area. However, programming is not a trivial task and is far from
accessible to everyone. Learning to program requires time and effort, in many cases,
previous skills. These skills, in turn, are acquired through the teaching of algorithms,
that is, from the base of programming (Gallego-Duran et al., 2021).

Programming knowledge involves learning algorithms, since this subject is the basis
for the development of skills and abilities that will be useful throughout a programmer’s
life. Knowing this, the subject of algorithms is usually offered in universities in the first
semesters of computing courses, with a workload that can vary between 60 and 80 class
hours (Falkembach et al., 2003; Saito ef al., 2015; Bulcdo, 2017). In Brazil, organiza-
tions such as the Brazilian Computer Society (SBC) and guidelines such as the National
Curriculum Guidelines (DCN) on Computing work strongly in the preparation of docu-
ments that serve as a basis for the curricular construction of computing courses.

The documents prepared by the SBC and the DCN guide universities around the
skills that students must acquire throughout the subjects and, consequently, throughout
the course (Calsavara et al. 2018). Zorzo et al. (2017) point out that the subject of al-
gorithms can help students to identify problems that can be solved algorithmically, in
problem solving through programming environments, in the recognition that computa-
tional thinking has significant importance in everyday life and which can be applied in
different contexts, in the formulation of problems whose resolution requires the applica-
tion of logical reasoning, mathematical and computational knowledge, and, finally, in
the understanding of problems that can be solved by computers.

As already mentioned, the teaching of algorithms is focused on the development
and establishment of a solid base of knowledge related to computer programming. This
subject aims to stimulate logical and mathematical reasoning, so that students can solve
computational problems (Barros and Santos, 2018). However, even with the difficulties
reported by several works (Sajjanhar and Faulkner, 2019; Gallego-Duran, 2021; Prasad
et al., 2022), algorithm teaching is still taught in a mechanized way, that is, teaching
focuses only on memorization and retention of concepts, which makes students simple
spectators (Ramos et al. 2015; Amaral et al. 2017). It is also worth mentioning that, in
addition to the mechanized form, another factor that corroborates the learning difficul-
ties is linked to the misinterpretation of computational problems, little mathematical
knowledge and lack of motivation (Moraes, Neto and Osorio, 2020).
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2.1. Reference Curriculum — SBC and ACM/IEEE

When preparing a pedagogical project, course coordinators usually follow the guide-
lines of the References for Training (RF). In Brazil, the SBC is one of the institutions
that constantly work on the elaboration of the RF and that guides universities in the
elaboration of pedagogical projects (Calsavara ef al. 2018). According to Zorzo et al.
(2017), the RF are elaborated based on the notion of competence and skills that students
need to acquire, so that it is possible to apply this knowledge in real day-to-day situa-
tions.

According to the 2016 DCNg, it is necessary to develop a solid and adequate founda-
tion of content that develops the skills required by computer programming, such as logi-
cal reasoning and mathematical knowledge (Brasil, 2016). With this, Zorzo et al. (2017)
highlight some skills that can be developed with the teaching of algorithms and that are
present in RF, they are:

e Identify problems can be solved algorithmically.

e Solve problems through programming environments.

e Recognize that computational thinking has significant importance in everyday
life, as well as its different possibilities of application in different domains.

e Use logical reasoning, mathematical and computational knowledge to formulate
and solve problems.

e Understand problems and design solutions that can be solved computationally.

In addition, the good practices contained in the ACM and IEEE (ACM/IEEE 2020)
Computing Curriculum 2020 (CC2020) served as a basis, from which recommendations
and the main concepts referring to the basic units of knowledge and the programming
pillars were taken covering the following topics:

e Develop an algorithm that can illustrate iterative and recursive functions, use di-
vide and conquer techniques, in addition to using some programming language to
implement, test and debug the algorithm that solves a simple problem.

e [dentify data components and their behavior by decomposing a program that has
abstract data. Also, implementing some kind of data that is coherent.

e Carry out the process of designing, implementing, testing and debugging a given
program, which includes simple input and output methods, file manipulation, con-
ditional and iteration structures, functions and parameter passing.

e Show which are the main costs and benefits related to the implementation of static
and dynamic data structures, choosing the most appropriate structure to solve a
problem.

e Contribute to the readability and maintainability of the software by applying con-
sistent documentation and conducting a code review using a provided checklist.

e Point out coding, construction and debugging errors considered common, through
libraries available by the adopted programming language.

e Refactor code and identify opportunities to apply abstract methods.

The most current version of the ACM/IEEE curriculum (CC2020) adopted in its
structure the cognitive levels defined by Bloom’s Taxonomy, which indicate the skills
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that are necessary and expected to perform a task in a given teaching unit. According to
(Ferraz and Belhot, 2010), Bloom’s Taxonomy is structured as follows:

e Remember: this cognitive level deals with the recognition and reproduction of
ideas and content.

e Understand: this cognitive level concerns the establishment of links between
new knowledge and previously acquired knowledge.

e Apply: this cognitive level is related to the act of executing and using some pro-
cedure in a specific situation, whether new or not.

e Analyze: this cognitive level seeks to divide information into relevant and non-
relevant parts, as well as their relationships.

e Evaluate: this cognitive level seeks to make judgments based on quantitative and
qualitative standards and criteria, and in certain cases these criteria may be related
to efficiency and effectiveness.

e Create: this cognitive level concerns the insertion of elements in order to build a
new vision, through preexisting knowledge and skills.

3. Related Works

Freire et al. (2019) present a plan of sixteen tutoring meetings, based on active meth-
odologies for introductory programming subjects. The PBL was applied to 16 tutoring
meetings, which were focused on the teaching units of the algorithms subject, there
was positive feedback from the students regarding the use of tutoring as a way to help
the teaching and learning of programming introduction, so that 88% of the participants
reported that the activities contributed significantly to their learning.

Sousa e Leite (2020) use gamification to promote introductory programming learn-
ing. The proposal is based on the use of online judges applied to a programming course
lasting 60 class hours. The authors carried out a comparative study of two classes, the
first using an approach based on active methodologies, and the second class using an
approach based on traditional teaching. The results showed that the first class achieved
pass rates of 81% while the second class achieved a pass rate of 42%.

Alves et al. (2019) carried out a study that consisted of the use of Coding Dojo in the
teaching of introductory programming. It was noticed that the use of the active meth-
odology contributed positively to increasing student engagement, so that students were
more motivated with the application of the Coding Dojo. The authors also point out that
there is a little resistance from some students with tasks related to peer programming.

Silva (2017) carried out the application of the active methodologies Flipped Class-
room, Collaborative Learning and Gamification in the teaching of programming guided
by the use of a virtual collaborative learning environment that allowed the teaching and
learning of programming. For the validation of the proposal, experiments were carried
out with the participation of two groups of students, the first, the experimental, which
makes use of the proposed approach, while the second group, the control, makes use of
the approach traditional teaching. The results obtained with the experiment showed that
the experimental group obtained higher grades when compared to the control group that
used the traditional teaching approach.
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As reported in Section 1, this work is a second experiment referring to the ap-
plication of a teaching plan composed of active methodologies, in an undergraduate
course in computing. This means that, to reach this second experiment, other steps were
completed and as a result, other works were published in scientific circles. In (Garcia
et al., 2020) a quasi-Systematic Literature Review (qQSRL) was carried out and several
approaches applied in the teaching of algorithms and programming were identified,
as well as their benefits, forms of use and difficulties of use in the classroom of class.
In (Garcia et al., 2021a) a strategy was developed for the application of VLE, Cod-
ing Dojo, Gamification, PBL, Flipped Classroom and Serious Games in algorithms or
equivalent subjects. In (Garcia et al., 2021b) a teaching plan is developed consisting
of six approaches that were identified from the qSRL (Garcia et al., 2020) and which
makes use of the strategy adopted in (Garcia et al., 2021a). In (Garcia et al., 2022) the
first experiment was conducted with 68 students, divided into two equal groups of 34
students, where one of the groups was a control group. For one of the groups, the sub-
ject of algorithms was taught following the traditional teaching method and the second
group was the experimental one, that is, the subject was conducted following the teach-
ing plan with active methodologies.

The works presented are part of a process that culminated in the elaboration, applica-
tion and evaluation of a teaching plan that aims to implement a new method of teaching
algorithms based on active methodologies. Thus, this work presents a second experiment
carried out with 72 students, differentiating itself from the others by including a greater
number of participants in its scope, in order to ratify the positive results presented in the
previous works.

4. Research Methodology

This is an applied research, as it seeks, through experimental studies, to extract knowl-
edge that enables the improvement or solution of a specific problem (Gil, 2010). In this
sense, the present study seeks, through experiments, to evaluate the effects of applying a
teaching plan for algorithms supported by active methodologies. A quantitative approach
was adopted, because, according to Jacobsen (2009), this characterization is concerned
with quantifying the data collected through statistical analysis. Therefore, the data ob-
tained from the experiment were analyzed using statistical tests, the two-tailed Student-t
was used to evaluate the difference between two distinct populations, the Equal Variance
Test (Brow-Forsithe) to evaluate the variance and data normality and the Shapiro-Wilk
test for normality assumptions.

Regarding the objectives or purpose of the research, it was classified as explanatory,
because, according to Vergara (2006), explanatory research is based on experiments that
are based on hypotheses related to a particular problem or real process. The technical
procedures of the research were classified as experimental, because, according to Gil
(1991) and Lakatos and Marconi (2011), this type of research is carried out in a con-
trolled environment and involves the direct action of researchers in the process of ana-
lyzing the effects from the variables applied to the study objects, the study control rules
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Fig. 1. Study Execution Steps (Garcia et al, 2022).

are defined, as well as ways of analyzing and observing the effects that the variables will
produce on the analyzed objects.

In this sense, some steps were defined for the successful completion of this study, as
shown in Fig. 1.

The study started with a literature review, with the objective of carrying out a survey
of data regarding the use of active methodologies in programming teaching, focusing
on introductory courses. The review was classified as quasi-Systematic, since all the
formalism of a Systematic Review of Literature (SRL) was used, but without making
comparisons between the analyzed works, therefore, this type of review can be classi-
fied as a qSLR (Ramos et al., 2015). A total of 1014 scientific studies were analyzed and
what were the active methodologies currently used in programming teaching, as well as
their benefits, difficulties of use and forms of evaluation. The details of the review are
described in (Garcia et al., 2020).

After identifying the active methodologies that can be worked on in introductory
programming subjects, some methodologies that could be used together within a teach-
ing plan were chosen. The methodology use strategy was evaluated by professors spe-
cialized in programming teaching and in the use of active methodologies, the evaluation
took place through the peer review technique, the review details can be consulted in
(Garcia et al., 2021a). Table 1 presents the active methodologies that were analyzed by
the experts and their use objectives in the subject of algorithms.

After the selection of active methodologies, a teaching plan for the subject of algo-
rithms was elaborated, which has its teaching units related to the methodologies selected
in the previous step. The choice of units was based on the guidelines of the SBC, ACM
and IEEE curriculum frameworks. The relationship between the contents of the teach-
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Table 1
Teaching Units related to Active Methodologies (Garcia et al., 2022)

Virtual Learning Environment — VLE

To establish a form of remote communication that allows the availability of materials, creation of forums,
sending tasks and sharing knowledge.

Coding Dojo

To promote the exchange of knowledge, sharing of ideas, encourage teamwork and student autonomy in
decision-making aimed at solving problems, increase engagement.

Gamification

To stimulate student protagonism in the search for knowledge and the ability to assimilate content, making
student participation more active in the classroom.

Problem Based Learning — PBL

To promote content learning through an approach focused on practice through problem solving.

Flipped classroom

To encourage the development of skills related to protagonism and student autonomy to search and filter content
that is relevant to the learning of a particular teaching unit.

Serious Games

To provide an attractive way to learn specific content of the algorithms subject through game logic combined
with block programming, aiming to simplify the learning of key content of the subject.

Table 2
Teaching Units related to Active Methodologies, adapted from (Garcia et al., 2022)

Modules Teaching Units

¢ Initial Evaluation Module (Pre-Test)
Duration 2 class hours

¢ Teaching Module I ¢ What is an algorithm?
Duration 18 class hours ¢ What is a programming language?
¢ Active Methodologies ¢ Types to represent an algorithm,
Gamification, ® Variables,
Problem Based Learning, ¢ Operators (Logical and Arithmetic),
Coding Dojo ¢ Linearization of expressions.
Virtual Learning Environment.
* Teaching Module IT ¢ Introduction to the Scratch Environment,
Duration 24 class hours e Scratch variables, operators and main commands,
* Active Methodologies * Conditional Structures,
Problem Based Learning, ¢ Repetition Structures,
Coding Dojo, e Lists (Arrays).
Gamification,

Serious Games,
Virtual Learning Environment.

= Teaching Module III ¢ Introduction to C Programming Language,
Duration 22 class hours * Variables, operators and main commands of the C programming
¢ Active Methodologies language,
Problem Based Learning, ¢ Conditional structures in C programming language,
Coding Dojo, * Repetition structures in C programming language,
Gamification, * Arrays in C programming language.
Flipped Classroom,

Virtual Learning Environment.

¢ Final Evaluation Module (Post-Test)
Duration 2 class hours
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ing plan and the active methodologies is described in Table 2, which was adapted from
(Garcia et al., 2022).

At the beginning of the course, there is a pre-test lasting two hours, the objective is
to identify the profile of the students as well as their previous skills in introductory pro-
gramming. Then, the Teaching Module I begins, which lasts 18 hours, the focus of this
module is on the development of the students’ logic, therefore, basic concepts that are
related to the subject of algorithms are addressed.

The Teaching Module II focuses on serious games and seeks to deepen the knowl-
edge acquired in the previous module through the use of repetition, decision and array
structures. At this moment the students come into contact with programming in blocks
through the Scratch tool and through it can interact with simplified games, as well as
develop their own solutions based on the serious games approach.

In Teaching Module III students work on the contents covered in the previous teach-
ing module, but with a focus on the use of a structured programming language. At this
point in the course, the use of the flipped classroom approach is highlighted, which al-
lows developing student autonomy outside the classroom.

In all teaching modules, the PBL methodology is used as a way to promote dynam-
ics related to problem solving, as well as the Coding Dojo, which allows the creation
of a practical programming environment focused on problem solving. The virtual en-
vironment is also present throughout the subject as a tool to facilitate communication,
exchange materials and centralize discussions and debates. The teaching plan was evalu-
ated by experts who used the peer review technique, details of the evaluation can be
found in (Garcia et al., 2021D).

After the evaluation of the teaching plan by peer review, adjustments were made
based on the observations made by the evaluators and the planning stage of applying
the teaching plan through experiments began. A strategy for applying and evaluating the
data obtained from the experiments was defined.

It was decided to use students linked to higher education institutions, who were
allocated into two distinct groups, the first being called an experimental group, which
makes use of teaching through the traditional approach, while the second group (experi-
mental) uses the use of the approach proposed in this work, which is based on the use
of active methodologies. It was defined that both groups would have specific professors
who would work on the contents of the algorithms subject, and that each professor had
an auxiliary team composed of 3 members with experience in teaching algorithms,
who were responsible for carrying out corrections of the activities carried out in both
groups. This strategy was adopted to minimize interference in the corrections of ac-
tivities, and, consequently, reduce the bias of the results obtained. Fig. 2 illustrates the
study design.

The content covered in the experimental and control groups were grouped into 3
parts, which were entitled Evaluation 1, 2 and 3 for the control group and Teaching
Module I, II and III for the experimental group, and the content covered in each part
was the same for both groups, as shown in Table 3. In addition, due to health restric-
tions resulting from the COVID-19 pandemic, the experiments had to be carried out
in a virtual format.
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Table 3

Teaching Units, adapted from (Garcia et al., 2022)

Comparasion Teaching Units
Teaching Module I Unit 1: Algorithms and Programming Languages
X e Solving Computational Problems

Evaluation 1

Teaching Module 11
X
Evaluation 2

e Informal Algorithm Examples
e Formal Concept of Algorithms
e Programming Languages and Paradigms

Unit 2: Computer Programming Basics
e Primitive Data Types
o Identifiers, Variables and Constants
e Input and Output of Data
e Operators and Defined Functions
e Sequential Structure

Unit 3: Selection Control Structures
e Simple Selection
e Composite Selection
e Chained Selection
e Selection with Multiple Choice Variable

Unit 4: Repetition Control Structures
e Repetition with Control Variable
e Repetition with Test at Start
e Repetition with Test at End

Continued on next page
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Table 5 — continued from previous page

Comparasion Teaching Units

Teaching Module ITI Unit 5: Program Modularization
X e Procedures and Functions
Evaluation 3 e Global and Local Variables

e Passing Parameters by Value

e Passing Parameters by Reference
e Storage Classes

e Recursiveness

Table 4
Study Objectives, Research Questions and Hypotheses, adapted from (Garcia et al., 2022)

Study objective 1

Research question 1 (RQ1): What is the effectiveness of learning in Teaching Module I when the proposed
approach of using active methodologies for teaching Algorithms is adopted in relation to the traditional
approach?

Hypothesis H01: In Teaching Module I, there will be no difference between the scores obtained by the
Experimental and Control groups at the Apply level.

Study objective 2

Research question 2 (RQ2): What is the effectiveness of learning in Teaching Module II when the proposed
approach of using active methodologies for teaching Algorithms is adopted in relation to the traditional
approach?

Hypothesis H02: In Teaching Module II, there will be no difference between the scores obtained by the
Experimental and Control groups at the Apply level.

Study objective 3

Research question 3 (RQ3): What is the effectiveness of learning in Teaching Module III when the proposed
approach of using active methodologies for teaching Algorithms is adopted in relation to the traditional
approach?

Hypothesis H03: In Teaching Module 111, there will be no difference between the scores obtained by the
Experimental and Control groups at the Apply level.

Hypothesis research questions were defined (as can be seen in Table 4) that served as
a framework for the evaluation of the study in the experimental and control groups. The
hypotheses were based on the level of application of Bloom’s revised taxonomy, which
consists of using the knowledge and skills acquired throughout the teaching and learning
process, and applying it to problem solving (Ferraz and Belhot, 2010).

4.1. First Application of the Teaching Plan

The first experimental application was carried out at the beginning of the second semes-
ter of 2021, the study had the voluntary participation of 68 students, who were allocated
into two groups (Experimental and Control) with 34 students each.

The results showed that in the first experiment there was a significant statistical
gain of the experimental group when compared to the control group, as shown in
Table 5. The details of the application of the first experiment can be consulted in (Gar-
cia et al., 2022).
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Table 5
Results obtained in the first experiment, adapted from (Garcia et al, 2022).

Variables Experimental Control Group Statistical Tests
Group
Evaluation Evaluation Results

Teaching Module I x Evaluation 1

Sample Size 34 34 Shapiro-Wilk test, with a result of P = 0.096.
Minimum 5.4 2

Maximum 9.6 93 Equal Variance Test (Brown-Forsythe), with
Sum of Points 265.1 2192 aresult of P=0.159.

Median 7.64 6.75 Student-t two-tailed test with

First Quartile 6.85 5.50 P-value = 0.000451 < 0.05.

Third Quartile 8.96 8.00

Average 7.79 6.44

Standard Deviation 1.256 1.726

Note: The experimental score is A= 1.35 higher than the control, indicating a possible increase in learning
for this group. The results of the two-tailed Student-t test indicate that there were significant
statistical gains in the scores of the experimental group.

Teaching Module II x Evaluation 2

Sample Size 34 34 Shapiro-Wilk test, with a result of P = 0.226.
Minimum 6.200 1.200

Maximum 9.900 9.700 Equal Variance Test (Brown-Forsythe), with
Sum of Points 265.680 216.020 aresult of P=0.116.

Median 7.555 6.450 Student-t two-tailed test with

First Quartile 6.720 5.135 P-value = 0.000594 < 0.05.

Third Quartile 9.057 7.625

Average 7.814 6.354

Standard Deviation 1.250 2.002

Note: The experimental score is A = 1.46 higher than the control, indicating a possible increase in learning
for this group. The results of the two-tailed Student-t test indicate that there were significant
statistical gains in the scores of the experimental group.

Teaching Module III x Evaluation 3

Sample Size 34 34 Shapiro-Wilk test, with a result of P = 0.448.
Minimum 6.350 4.000

Maximum 10.00 9.500 Equal Variance Test (Brown-Forsythe), with
Sum of Points 287.650 219.800 aresult of P=0.057.

Median _ 8.590 6.500 Student-t two-tailed test with

First Quartile 7.580 9.287 P-value = 0.0000000295< 0.05.

Third Quartile 5.400 7.500

Average 8.460 6.465

Standard Deviation 1.052 1.523

Note: The experimental score is A= 2.00 higher than the control, indicating a possible increase in learning
for this group. The results of the two-tailed Student-t test indicate that there were significant
statistical gains in the scores of the experimental group.
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4.2. Second Application of the Teaching Plan

A second experiment was carried out in the middle of the second semester of 2021, the
study had the voluntary participation of 72 students, who were allocated into two groups
(Experimental and Control) with 36 students each. The schedule used in carrying out the
second experiment was based on the strategy adopted in (Garcia et al., 2022), and its
details are described in Table 6.

Table 6

Experiment Schedule (Garcia et al., 2022)

Days

Control Group

Experimental Group

Day 1
Inaugural
Class

Days
1to5

Days
6to 11

Presentation of the
subject, how it is
conducted and the
teaching plan used.

Auvailability of sup-
port material.

Classic lectures:

About the topics of
teaching units 1 and
2 present in Table 3.

Test:

Evaluation activity
with multiple choice
and discursive que-
stions about the con-
tent taught in teach-
ing units 1 and 2.

Classic lectures:

About the topics of
teaching units 3 and
4 present in Table 3.

Test:

Evaluation activity
with multiple choice
and discursive que-
stions about the con-
tent taught in teach-
ing units 3 and 4.

Presentation of the subject and the functioning of the teaching plan used
(Garcia et al., 2021b).

Availability of support material.

Dialogue lectures: about teaching module I — Development of the
Programming Logic: With the topics of Unit 1 and Unit 2 present in Table 3,
supported by active teaching methodologies:

Gamification: Using game elements to guide the scoring of course tasks
and activities.

Problem Based Learning: Dynamics focused on the active learning of
students, which guide the conduct of Challenges.

Virtual Environment: Tool where class materials are made available, in
addition to serving as a central place for students’ virtuais meetings to share
knowledge and send out activities.

Coding Dojo 1: Pseudocode construction challenge using the VisuAlg
Tool. All students participate through alternating roles: pilot, copilot and
audience. The grade given to the participants takes into account the amount
of challenges performed and their correctness.

Extraclass Challenge 1: Problems that involve the subjects present in the
content of all classes of the current teaching unit, these must be carried out
outside the classroom.

Challenges: Problems that involve the subjects present in the content of each
class of the current teaching unit and that are carried out after the dialogued
expository classes.

Mission 1: Evaluation activity carried out at the end of teaching module I
and which includes all the content covered in the current teaching unit.

Dialogue lectures: about teaching module II — Software Construction with
Scratch: With the topics of Units 3 and 4 present in Table 3, supported by
active teaching methodologies:

Gamification: Using game elements to guide the scoring of course tasks
and activities.

Problem Based Learning: Dynamics focused on the active learning of
students, which guide the conduct of Challenges.

Serious Games: Use of the theme of games with a focus on learning the
content covered in the current module. The theme of serious games will
be inserted in the activities of the current module: Challenges, Extraclass
Challenge 2, Coding Dojo 2 and Mission 2.

Continued on next page
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Table 6 — continued from previous page

Days

Control Group

Experimental Group

Days
12t0 17

Day 17

Classic lectures:
About the topics
of teaching unit 5
present in Table 3.

Test:

Evaluation activity
with multiple choice
and discursive que-
stions about the
content taught in
teaching unit 5.

Content Perception

Feedback  Questionnaire.

Virtual Environment: Tool where class materials are made available, in
addition to serving as a central place for students’ virtual meetings to share
knowledge and send out activities.

Coding Dojo 2: Block programming activity aimed at creating simplified
games that involve the contents covered in the current teaching module using
Scratch. All students participate through alternating roles: pilot, copilot and
audience. The grade given to the participants takes into account the amount
of challenges performed and their correctness.

Extraclass Challenge 2: Problems with the theme of serious games that
involve the subjects present in the content of all classes of the current
teaching unit, these must be carried out outside the classroom.

Challenges: Problems with the theme of serious games that involve the
subjects present in the content of each class of the current teaching unit and
that are carried out after the dialogued expository classes.

Mission 2: Evaluation activity based on the theme of serious games, carried
out at the end of teaching module II and which includes all the content
covered in the current teaching unit.

Dialogue lectures: on teaching module III — Software Construction with
programming language: With the topics of Unit 5 present in Table 3,
supported by active teaching methodologies:

Gamification: Using game elements to guide the scoring of course tasks
and activities.

Problem Based Learning: Dynamics focused on the active learning of
students, which guide the conduct of Challenges.

Flipped Classroom: Dynamics focused on the autonomous learning of
students, which will guide the acquisition of knowledge of the teaching units
worked on in the current module.

Virtual Environment: Tool where class materials are made available, in
addition to serving as a central place for students’ virtual meetings to share
knowledge and send out activities.

Coding Dojo 3: Code construction activity using the C programming
language, involving the contents covered in the current teaching module. All
students participate through alternating roles: pilot, copilot and audience. The
grade given to the participants takes into account the amount of challenges
performed and their correctness.

Extraclass Challenge 3: Problems that involve the subjects present in the
content of all classes of the current teaching unit, these must be carried out
outside the classroom.

Challenges: Problems that involve the subjects present in the content of each
class of the current teaching unit and that are carried out after the dialogued
expository classes.

Mission 3: Evaluation activity carried out at the end of teaching module III
and which includes all the content covered in the current teaching unit.

Content Perception Questionnaire.
Questionnaire on teaching approaches

5. Data Analysis

In this section, the data obtained from the execution of the experiment presented in this
work are presented. The analysis will be carried out from the research questions RQ1,
RQ2, and RQ3 defined in this work.
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5.1. Analysis of Research Question 1

To analyze RQ1, comparisons were made between the average scores obtained in the ex-
perimental and control groups in the Teaching Module I versus Evaluation 1 in order to
identify statistical evidence that would allow us to refute HO1. The two-tailed Student-t
test was used to evaluate the difference between two different populations, in addition
to the success of the test, it was necessary to evaluate the variance and normality of the
data, therefore, the Brow-Forsithe and Shapiro-Wilk Equal Variance Tests were used for
normality assumptions.

It was observed that the experimental group in the Teaching Module I scored
7.90+ 1.271 in the evaluation, while the control group in Evaluation 1 scored 6.52 + 1.553.
It can be noted that the experimental group has a score A = 1.38 higher than the control,
this shows that there is a significant difference between the average scores of the groups,
thus indicating a possible increase in the learning of the experimental group, corroborat-
ing the results found in (Garcia ef al., 2022).

Before performing the Student-t test, data normality was verified using the Shapiro-
Wilk test, which obtained a result of P = 0.136, indicating that the data have a distribu-
tion that meets normality assumptions. In addition, we also sought to verify the variance
of the data, using the Equal Variance Test (Brown-Forsythe), which obtained a result of
P =0.492, indicating that the data have the same variance.

The results of the Student-t test (o = 0.05) showed that there are positive effects of
the use of active methodologies in the experimental group, as can be seen in the test
result that obtained P-value = 0.0000995 < 0.05. Thus, the significance level derived
from the test provided statistical evidence to reject HO1, as it was identified that there
are significant differences between the data of the evaluated groups. Table 7 summarizes
the results obtained for QP1.

Table 7

Comparison of Learning Effectiveness between Participating Groups (Student-t)
in Teaching Module I x Evaluation 1

Variables Experimental Group Control Group
Evaluation Evaluation

Sample Size 36 36

Minimum 6.20 3.30
Maximum 10.00 9.50

Sum of Points 284.40 234.70
Median 7.80 6.80

First Quartile 6.80 5.50

Third Quartile 9.18 7.78
Average 7.90 6.52

Standard Deviation 1.271 1.553
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Table 8

Comparison of Learning Effectiveness between Participating Groups (Student-t)
in Teaching Module II x Evaluation 2

Variables Experimental Group Control Group
Evaluation Evaluation
Sample Size 36 36
Minimum 6.00 2.30
Maximum 10.00 9.70
Sum of Points 303.80 236.90
Median 8.50 6.60
First Quartile 7.68 5.73
Third Quartile 9.33 7.60
Average 8.44 6.58
Standard Deviation 1.092 1.720

5.2. Analysis of Research Question 2

For the analysis of RQ2, comparisons were made between the average scores obtained
in the experimental and control groups in the Teaching Module II versus Evaluation 2,
in order to identify statistical evidence that would allow us to refute H02, following the
same pattern of statistical analysis. used in RQ1, through the use of Student-t, Equal
Variance Test (Brown-Forsythe) and Normality Test (Shapiro-Wilk).

The experimental group in Teaching Module II obtained a score of 8.44 + 1.092 in the
evaluation, while the score obtained by the control group in Evaluation 2 was 6.58 = 1.720.
It was observed that the score of the experimental group is A = 1.86 higher than that of the
control group, which may indicate a possible learning gain in the experimental group.

The Shapiro-Wilk test obtained a result of P = 0.291, indicating that the data have a
distribution that meets the assumptions of normality and the results obtained with the
Equal Variance Test (Brown-Forsythe) had a result of P =0.063, indicating that the data
have the same variance.

The results of the Student-t test (o = 0.05) showed that there are positive effects of
the use of active methodologies in the experimental group, as can be seen in the test
result that obtained P-value = 0.000000649 < 0.05. Thus, the significance level derived
from the test provided statistical evidence to reject H02, as it was identified that there
are significant differences between the data of the evaluated groups. Table 8 summarizes
the results obtained for RQ2.

5.3. Analysis of Research Question 3

For the analysis of RQ3, comparisons were made between the average scores obtained in
the experimental and control groups in the Teaching Module III versus Evaluation 3 in
order to identify statistical evidence that would allow refuting HO3, following the same
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Table 9

Comparison of Learning Effectiveness between Participating Groups (Student-t)
in Teaching Module III x Evaluation 3

Variables Experimental Group Control Group
Evaluation Evaluation
Sample Size 36 36
Minimum 5.30 4.00
Maximum 9.70 9.60
Sum of Points 278.80 240.40
Median 7.55 6.75
First Quartile 6.90 6.00
Third Quartile 8.93 7.50
Average 7.74 6.68
Standard Deviation 1.247 1.393

pattern of statistical analysis used in RQ1 and RQ2, using Student-t, Equal Variance Test
(Brown-Forsythe) and Normality Test (Shapiro-Wilk).

The experimental group in the Teaching Module III obtained a score of 7.74 + 1.247
in the evaluation, while the score obtained by the control group in Evaluation 3 was
6.68 + 1.393. It was observed that the score of the experimental group is A = 1.06 higher
than that of the control group, which may indicate a possible gain in the learning of the
experimental group.

The Shapiro-Wilk test obtained a result of P = 0.367, indicating that the data have a
distribution that meets the assumptions of normality and the results obtained with the
Equal Variance Test (Brown-Forsythe) had a result of P = 0.634, indicating that the data
have the same variance.

The results of the Student-t test (o = 0.05) showed that there are positive effects of
the use of active methodologies in the experimental group, as can be seen in the test
result that obtained P-value = 0.00104 < 0.05. Thus, the level of significance derived
from the test provided statistical evidence to reject HO3, as it was identified that there
are significant differences between the data of the groups evaluated. Table 9 summarizes
the results obtained for RQ3.

6. Discussion of Results

The results obtained with the experiment presented in this study indicate that there is
a learning effectiveness in the use of the form of intervention proposed in this work
when compared with the traditional teaching method used in introductory programming
subjects, such as algorithms. This can be observed in from the analysis of hypotheses
HO1 “In Teaching Module I, there will be no difference between the scores obtained by
the Experimental and Control groups at the Apply level”, HO2 “In Teaching Module 1,
there will be no difference between the scores obtained by the Experimental and Control
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groups at the Apply level” and HO3 “Hypothesis H03: In Teaching Module III, there will
be no difference between the scores obtained by the Experimental and Control groups at
the Apply level”, which were rejected, as it was found from statistical analyzes that there
is a significant gain in the scores achieved in the experimental groups when compared
with the control groups, corroborating the results obtained in (Garcia ef al., 2022).

The experience generated with the use of active methodologies can be very positive
in the teaching of algorithms, the learning gains identified in this work are similar to
the reports in (Marinho et al., 2016; Giraffa and Miiller, 2017; Oliveira, et al., 2017,
Fonseca and Brito, 2021), as it can be noted that during the experiment the students
of the experimental group were interacting more and more and their engagement was
increasing significantly. The classes in the experimental group were based on the strat-
egy defined in (Garcia ef al., 2021b), the entire form of intervention was previously
presented to the students and the activities performed in the experimental group were
student-centered so that there was an equivalence of at least minus 50% of theoretical
and practical workload.

In the control group, classes were based on the traditional way of teaching, with a
theoretical workload that was superior to practice, reaching an average of 60% to 70%
of theory. The practical activities consisted of carrying out lists of exercises in computer
labs and evaluations at the end of each teaching stage. The high theoretical workload of
the control group may be one of the reflections in the lower result than the experimental
group, presented through the analysis of hypotheses HO1, HO2 and HO3.

During the execution of the experiment, some weaknesses arising from its execu-
tion in the remote teaching format were identified. During the classes, some students
from both the experimental group and the control group had problems connecting to the
internet, problems with their computers and also problems related to power outages. It
is worth mentioning that the experiment has not yet been conducted in the face-to-face
format due to health factors arising from the COVID-19 pandemic, whose restrictions
made it difficult to carry out the experiments face-to-face.

It was observed that the students started to get dispersed when the lectures (theoreti-
cal) exceeded the time of one hour in duration. To avoid the loss of the students’ focus,
the professors of the experimental group used the active strategies of the teaching plan
to promote the engagement and interaction of the students, through the performance of
dynamics that promote the exchange of students’ knowledge.

Another point observed is the increase in the interaction of students in the experi-
mental group, which grows as the active methodologies are used, so that on the first
school day there is a certain difficulty in promoting interaction, dialogue and debates,
but as the classes go on, the limitations related to the interaction and exchange of knowl-
edge of the students are overcome.

7. Threats to Validity

The results presented in this research, although positive, must be interpreted with caution,
as the studies were carried out from controlled experiments. In this sense, this section
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presents some threats that have been identified and that, if not dealt with properly, can in-
fluence the results. Therefore, it is advisable that the interpretation of the results or the rep-
lication of this study consider the limits created from the threats that will be presented.

7.1. Internal Validity

For Vasconcelos (2016), internal validity is related to the veracity of the study, so that the
results obtained are in line with the procedures adopted in conducting the research and
that they are not the result of methodological errors.

In this sense, the analyzed groups (experimental and control) had the same number of
participants and had the same profile of students, who were linked to a higher education
institution and who had not yet taken the subject of algorithms in their respective courses.
To reduce the bias of the results, the students were randomly distributed in the groups,
thus allowing the reduction of the confounding factor in addition to allowing the achieve-
ment of the similarity of the groups. The students’ participation in the experiments was
voluntary and all of them filled out a consent form to carry out the study.

With regard to internal threats related to the use of different approaches in the control
and experimental groups, the students’ search for knowledge was not limited to the mate-
rials used and made available, so it is possible that there is a threat related to the matura-
tion of the study. However, as a way to reduce possible impacts related to this threat, the
experiment used content standardization, that is, despite the use of different approaches
in the experimental and control groups, the content taught was the same.

Regarding a possible threat related to the different teaching strategies used in the
groups, this threat was mitigated through the use of independent experts who performed
the corrections of the activities of both groups. The activities were not identified, that is,
the process evaluation process was not influenced by professors or students.

7.2. External Validity

For Vasconcelos (2016), external validity seeks to ensure that the results obtained from a
sample under study from a type of analysis can be generalized to a wider population that
have the same sample characteristic.

In this sense, the study was carried out with samples of 36 in the experimental group
and 36 students in the control group, all of them enrolled in higher education courses
in computing. Therefore, it is recommended that generalizations or replications of the
study consider the sample profile used.

7.3. Construction Validity

For Raymundo (2009), construction validity seeks to ensure that the instruments used
in a study are adequate and can assess the data that will be collected. To mitigate this
type of threat, research questions and hypotheses were created that allowed analyzing
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the efficiency of the experimental group when compared to the control group. All activi-
ties carried out in the experimental group were planned based on the cognition levels of
Bloom’s revised taxonomy (Ferraz and Belhot, 2010).

7.4. Conclusion Validity

For Travassos, Gurov and Amaral (2002) and Lima, Neto and Emer (2014), the con-
struction validity allows reaching the conclusions of an experiment from the proper use
of statistical analysis methods, correct measurements in the treatments used and of the
interpretation of the results obtained in a research.

In this sense, to reduce the bias generated by a small number of participants, which
can generate low statistical power in the distribution of samples, a strategy recommend-
ed by some authors such as (Furtado, 2020; Chaves et al. 2015; Wangenheim et al.,
2009; Pfahl et al. 2003) was used, which consists of the use of statistical tests that accept
small samples without impairing the quality of the results.

8. Conclusion

This work presented the results of an experiment carried out with 72 students, where
in this experiment the students were submitted to a teaching plan composed of several
active methodologies. According to the results presented, it is possible to conclude that,
compared to the traditional teaching method, the approach presented in this work proved
to be statistically relevant and effective.

In addition to applying the approach, a correlation was made between Bloom’s Tax-
onomy and the algorithms teaching units. Although the results of this work are promis-
ing, it is important to emphasize the need for caution and not to generalize the results,
as the audience for this study is still considered small. Furthermore, the teaching plan
can be applied in different scenarios and with even more participants.

In this way, as a future work, it is intended to evolve the teaching plan and collect the
experiences with its application. In addition, the proposed approach may include analy-
sis from the perspective of professors. Finally, we intend to use this teaching plan, with
the necessary adaptations, in other programming subjects, since the algorithms subject
is just an introductory subject.
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