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Abstract—Computer programming subjects have high failure rates, their
contents are of great importance for the formation of undergraduate students,
however their learning is considered challenging. In this sense, the use of ap-
proaches that promote active learning on the part of students in algorithmic sub-
jects stand out in the specialized literature, in order to increase their engagement
and awaken their interest in the contents covered, making them protagonists of
their learning. However, the proposals do not always fully disclose the instru-
ments used, such as the detailing of the teaching plan, which is extremely im-
portant material for the good conduct of a subject, since in it the professor is
able to articulate his strategies of intervention, the tools used, as well as the
learning objectives that must be achieved. Thus, the objective of this work is to
discuss and analyze the results of an experiment that consisted in the applica-
tion of a teaching plan that makes use of multiple active methodologies (Virtual
Learning Environments, Coding Dojo, Gamification, Problem Based Learning,
Flipped Classroom and Serious Games) in an algorithms subject. We sought to
evaluate the learning gains of the proposed approach compared to teaching us-
ing the traditional teaching method. A statistical analysis was performed using
the Student-t two-tailed approach for independent samples, which showed sig-
nificant statistical gains when using the proposed approach.
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1 Introduction

Computer programming represents one of the main pillars in the training of stu-
dents in computing. For [1], programming was one of the areas that became the center
of attention of researchers around the world in the last decade. This may reflect the
changes brought about by the use of technology, which is present in the daily life of a
large part of the population, and increasingly requires that people have skills to use
technological resources.

For [2], teaching programming is an extremely important way to develop skills re-
lated to the use of technological resources, as well as the development and maturation

iJET - Vol. 17, No. 07, 2022 175


https://doi.org/10.3991/ijet.v17i07.28733

Paper—Application of a Teaching Plan for Algorithm Subjects Using Active Methodologies: An...

of computational thinking. This may allow students to improve skills related to crea-
tivity, innovation, autonomy and problem solving.

In Brazil, the National Curriculum Guidelines (DCN) for computing guide that
bachelor's degree courses in computing must provide training that includes a solid
base of contents that allow the development of skills related to logical reasoning and
computer programming [3].

Subjects in computing have high failure rates and their learning is considered com-
plex. In this sense, [4] reinforce that there is a great effort by professors of courses
that offer such subjects to raise the approval rates, this is due to the great importance
of computer programming in the academic and professional training of students in
computing.

Also according to [4], introductory programming courses, such as algorithms, are
extremely important, as they represent the foundation of computer programming and
it is at this point that basic skills and competences must be stimulated and developed
properly.

A study by [5] identified that students who fail introductory programming courses
have a higher dropout rate than those who pass. In this sense, it is of great importance
to provide ways to overcome the initial programming difficulties, as these efforts can
help improve the approval and dropout rates of courses in computing [6].

Based on the difficulties faced, many types of intervention have been tested in
classrooms to minimize the barriers to learning in the algorithms subjects. It is clear
that new types of intervention need to be investigated to improve student perfor-
mance. In this sense, several studies recommend the use of active methodologies,
which are student-centered approaches, enabling them to increase engagement and
make them protagonists of their learning [7], [8], [9].

The use of active methodologies, even with promising results in the literature, re-
quires caution and adequate planning, therefore, it is in the teaching plan that the
professor is able to analyze the characteristics of his target audience, define the educa-
tional objectives, select and structure the contents that will be studied, define the di-
dactic-pedagogical resources that will be used, as well as define the form of interven-
tion that will be used and its evaluation procedures [10].

This work aims to present the results of the application of a teaching plan for the
subject of algorithms for undergraduate students of higher education courses in Com-
puting. The teaching plan was elaborated from good practices extracted from refer-
ences from the specialized literature and has a teaching strategy that is supported by
the use of the following active methodologies Virtual Learning Environments, Coding
Dojo, Gamification, Problem Based Learning, Flipped Classroom and Games, which
are applied in the teaching units in a gradual way according to the conduction of the
subject.

In addition to this introductory section, this article is structured as follows: Section
2 presents an approach to the teaching of algorithms and curriculum references in
computing, Section 3 presents the research methodology, detailing its main steps,
Section 4 presents some related works to the use of active methodologies in teaching
algorithms, Section 5 addresses the strategy used in evaluating the teaching plan,
which makes use of active methodologies from an experiment, Section 6 presents the
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details of the analysis of the results obtained, Section 7 presents discussions regarding
the results obtained in the research, Section 8 contains the details of the threats to
validity that have been identified, as well as their mitigation methods, and, finally,
Section 9 presents the conclusions, limitations of this study and future work.

2 Teaching algorithms

The teaching algorithms or equivalent subjects should establish a basis for the de-
velopment of skills and competences related to computer programming, which are
strongly related to the correct use of logical and mathematical reasoning with a focus
on solving computational problems [11].

Several studies in the specialized literature show that, traditionally, the teaching al-
gorithms is done mechanically, based on the repetition of concepts, students act main-
ly as passive agents in the learning process, and their learning is usually focused on
memorization and fixation of the contents covered in the course [12], [13].

Learning algorithms is considered challenging, there are several difficulties faced
by students, such as interpretation of computational problems, low level of mathemat-
ical knowledge, lack of understanding of key concepts and lack of motivation [14],
[15].

For [16], programming students have difficulties in assimilating content related to
abstraction, which can lead to a lack of understanding of a certain key concept, gener-
ating difficulties to solve programming problems, even if students know the syntax
and semantics of the language being worked on.

When starting to study a programming language, the student is faced with a set of
rules, instructions and even mathematical formulas and they need to unify all these
new concepts with the skills related to problem abstraction. This becomes a challenge
for learning schedule. The authors of [14] reinforce that such difficulties make the
development of skills and competences related to computer programming challenging
for beginner programmers.

The difficulties faced can be reflected in the high failure rates of subjects in com-
puter programming that, for [12] and [17], usually reach failure averages that are
around 40 to 50%. The algorithms subject, as one of the bases for the development of
skills related to programming, is usually offered in the initial semesters of courses in
computing, usually in the 1st or 2nd semester of courses that have it, and its workload
usually varies from 60 to 80 class hours [18], [19] and [20].

For [21], the teaching of algorithms should not follow the molds of traditional
teaching, as the programming area is evolving day by day, the contents (teaching
units) are constantly changing as well as the tools that are used by programmers. Ac-
cording to [22], with the constant technological evolution the demand for innovative
teaching increases, which provides more effective learning experiences for students.

In this sense, curriculum references such as the Brazilian Computer Society (SBC),
Association for Computing Machinery (ACM) and Institute of Electrical and Elec-
tronic Engineers (IEEE) seek to periodically update practices that can be adopted in
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the classroom, as well as the teaching units that must be worked in the subjects of
algorithms.

2.1  Reference curriculum (SBC, ACM/IEEE)

The Brazilian Computer Society (SBC) is one of the guiding institutions of com-
puter education in Brazil, actively working in the development of References for
Training (RF) in Computing, which seek to assist undergraduate course coordinators
in the preparation of projects pedagogical aspects of their courses [23].

The RF are built around the notion of competences, that is, they focus on the de-
velopment of skills related to "knowing how to do", so that the courses train students
who know how to apply the knowledge acquired during their graduation in real situa-
tions [24].

In addition, the RF are prepared in accordance with the National Curriculum
Guidelines (DCN) for computing, which establish legal standards that guide the struc-
turing of courses in computing in Brazil, as well as defining the profile of students, as
well as skills and competences that they must possess.

According to the DCN approved in 2016, computing courses must have a solid and
adequate base of contents that allow the development of skills and competences relat-
ed to logical reasoning and computer programming [3].

In this sense, [24] present some skills that are present in RF and that can be devel-
oped with the algorithms subject:

¢ Identify problems that have an algorithmic solution,

e Solve problems using programming environments,

e Recognize the importance of computational thinking in everyday life and its appli-
cation in appropriate circumstances and in different domains,

o Recognize the importance of computational thinking in everyday life and its appli-
cation in appropriate circumstances and in different domains,

e Formulate and solve problems with the application of logical, mathematical and
computational reasoning,

e Understand problems and formulate solutions that can be performed by the com-
puter.

Likewise, good practices present in the Computing Curricula 2020 (CC2020) of the
Association for Computing Machinery (ACM) and the Institute of Electrical and Elec-
tronic Engineers (IEEE) [25] were adopted, extracting the recommendations of the
basic knowledge units from the curriculum to key programming fundamentals con-
cepts covering the following topics:

e Create an appropriate algorithm to illustrate iterative and recursive functions, as
well as divide and conquer techniques, and use a programming language to imple-
ment, test, and debug the algorithm to solve a simple problem,

e Decompose a program for a client that identifies the data components and behav-
iors of many abstract data types and implement a coherent abstract data type with
loose coupling between components and behaviors,
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e Design, implement, test, and debug an industry program that uses fundamental
programming constructs, including simple /O and file, standard conditional and it-
erative structures, function definition, and parameter passing,

e Present the costs and benefits of static and dynamic data structure implementations,
choosing the appropriate data structure to model a given problem,

e Apply consistent documentation and programming style standards for a software
engineering company that contributes to the readability and maintainability of the
software by conducting a personal and small-team code review on the program
component using a provided checklist,

e Demonstrate common errors in coding, building and debugging programs using the
standard libraries available with a chosen programming language,

e Refactor an industry program, identifying opportunities to apply procedural ab-
straction.

In addition, the current version of the ACM/IEEE curriculum (CC2020) has adopt-
ed the cognitive process levels derived from Bloom's taxonomy to indicate the degree
of skill expected in successfully carrying out tasks related to teaching units. Accord-
ing to [26], Bloom's taxonomy has the following cognitive structure:

e Remember: is related to the recognition and reproduction of ideas and content,

e Understand: is related to establishing a link between the new and previously ac-
quired knowledge,

o Apply: is related to the execution or use of a procedure in a given situation, wheth-
€r new or not,

o Analyze: it is related to the division of information into parts considered relevant
and not relevant, in addition to understanding the relationships that exist between
the parts,

o Evaluate: is related to making judgments based on qualitative and quantitative
criteria and standards or, in some cases, criteria of efficiency and effectiveness
standards,

o Create: is related to the insertion of elements with the objective of creating a new
vision, making use of previously acquired knowledge and skills.

3 Research methodology

In order to achieve the objectives of this research, a sequence of steps was estab-
lished and followed, which made it possible to understand, from scientific studies, the
current scenario of teaching algorithms, its difficulties and types of active interven-
tions that are being used in classroom. This made it possible to: (i) elaborate a teach-
ing plan based on the main reference curriculum in computing and which makes use
of active methodologies, (ii) technically evaluate the proposed material through peer
review, and (iii) carry out experiments to observe the effects of using the teaching
plan on algorithmic classes. The steps adopted are detailed in Figure 1 and will be
presented in following subsections.
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Fig. 1. Study execution steps

3.1  Step I: Literature review

A review of the specialized literature was carried out in order to identify which
types of intervention are currently being used in the teaching algorithms that seek to
promote more active and autonomous learning in the classroom. The search covered a
time period from January 1, 2016 to December 31, 2019, where a total of 1014 scien-
tific studies were analyzed and from these works, 15 active approaches used in the
teaching algorithms were identified. The details of the review can be found in [27].

The review adopted good practices from a Systematic Literature Review (RSL),
however no comparisons were made between the returned publications, so this type of
review is characterized as a quasi-Systematic Literature Review (RgSL) [28].

3.2 Step II: Analysis of active methodologies

With the analysis of the active methodologies identified in [27], the positive and
negative points and types of use within subjects were raised. In this way, it was possi-
ble to select and establish a strategy for using active methodologies that could be used
together within the same subject. Figure 2 presents the selected methodologies and
their purposes for use in the algorithms subject.

The way in which the active methodologies were used was evaluated by experts
through the peer review process, which allowed for the identification of areas for
improvement and the validation of the strategy. Details of the process of analysis and
selection of methodologies can be found in [29].
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[ Virtual Learning Environment

* Purpose of use: Materials Repository; Communication channel; Sharing
of course data; Knowledge sharing.
[ Coding Dojo

« Purpose of use: Practice of active activities; Focus on collectivity and
sharing ideas for problem solving.
[ Gamification

* Purpose of use: Use of game elements in the algorithms subject to guide
evaluations; Student engagement.
[ Problem Based Learning - PBL

* Purpose of use: Practice of active activities; Student engagement and
proactivity.
[ Flipped Classrooom

« Purpose of use: Promote student autonomy; Seeks for extra-class
knowledge autonomously.
[ Serious Games

 Purpose of use: Use game logic to engage with students in gaining
knowledge.

Fig. 2. Selected methodologies and their purposes

3.3 Step IlI: Definition of the teaching plan

A teaching plan was prepared based on good practices present in the reference cur-
riculum of the Brazilian Computer Society (SBC), Association for Computing Ma-
chinery (ACM) and Institute of Electrical and Electronic Engineers (IEEE). The
teaching plan has a total workload of 68 class hours and is divided into modules,
allowing the teaching units to be worked from a set of active methodologies.

The teaching units of the algorithms subject were related to the active methodolo-
gies and were gradually distributed throughout the teaching modules, as shown in
Table 1.

The Initial Evaluation Module (AV1) lasts two hours of class and aims to collect
feedback related to prior knowledge that students have and that can be matured during
the course. The Teaching Modules I, Il and 11 last 8, 24 and 22 class hours, respec-
tively, and seek to work the contents of the algorithms subject through expository and
dialogued classes with the support of interventions based on active methodologies.
The Final Evaluation Module (AVF) lasts two class hours and seeks to collect feed-
back related to the teaching process used, in order to identify positive and negative
points and opportunities for improvement for the evolution of the proposed approach.

The teaching plan was revised using the peer review technique, in which 3 profes-
sors who have been teaching algorithms at the university level, with experience in
creating teaching plans and in the use of active methodologies, participated in the
review. The evaluation allowed us to identify points of improvement and validate the
technical quality of the material. The details of the teaching plan, as well as its review
process by experts, can be consulted in [30].

1JET — Vol. 17, No. 07, 2022 181



Paper

Application of a Teaching Plan for Algorithm Subjects Using Active Methodologies: An...

Table 1. Teaching units related to active methodologies

Modules

Teaching Units

Active Methodologies

Initial Evaluation Mod-
ule

Student Feedback

Not applicable

Teaching Module |

o What is an algorithm?

e What is a programming language?
o Types to represent an algorithm,

o Variables,

o Operators (Logical and Arithmetic),
e Linearization of expressions.

» Gamification,

o Problem Based Learning,

» Coding Dojo

o Virtual Learning Environment.

Teaching Module 11

e Introduction to the Scratch Environment,

e Scratch variables, operators and main
commands,

o Conditional Structures,

 Repetition Structures,

o Lists (Arrays).

o Problem Based Learning,

» Coding Dojo,

o Gamification,

 Serious Games,

o Virtual Learning Environment.

Teaching Module 111

e Introduction to C Programming Lan-
guage,

e Variables, operators and main commands
of the C programming language,

» Conditional structures in C programming

o Problem Based Learning,
» Coding Dojo,
e Gamification,

language, o Flipped Classroom,
« Repetition structures in C programming |e Virtual Learning Environment.
language,
o Arrays in C programming language.
Final Evaluation Module |Student Feedback Not applicable

The contents covered in the algorithms subject were detailed, their expected results
were identified and each topic was related to the learning objectives of Bloom's tax-
onomy, which is also one of the new practices incorporated in the ACM CC2020
curriculum [25].

In this sense, the details of each topic, with the expected results and their respective
correlations with the elements from Bloom's taxonomy can be found in Appendix A
of this document. The strategy for using each level of cognition in the taxonomy was
based on the recommendations for use present in CC2020 [25].

3.4  Step IV: Application of the teaching plan

The application of the teaching plan was divided into two steps: (i) a first applica-
tion (pilot study) to verify the applicability of the teaching strategy, identify points of
improvement and the effects of using active methodologies in a class of algorithms,
but without making comparisons with classes that use the traditional teaching ap-
proach, (ii) then, a second application was performed using a larger number of partic-
ipants who were divided into two groups (control and experimental), seeking to eval-
uate the effectiveness of the approach proposed in the experimental group compared
to the traditional approach used in the control group.

With the pilot study, we sought to evaluate the applicability of the teaching plan in
an algorithms subject, as well as the effects of its use. The study lasted 68 class hours,
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distributed over 17 meetings lasting approximately 4 class hours each, and it was
carried out in the first semester of 2021. The target audience was undergraduate stu-
dents from courses in computing who had not yet attended the course of algorithms.
The participation of all those involved in the pilot study was voluntary.

The effectiveness of active methodologies was evaluated based on criteria that
were defined, which were classified according to the following indicators presented in
Table 2.

Table 2. Summary of the case study effectiveness indicators, adapted from [31]

0 - 50% effectiveness — Critical: This indicator represents Inefficiency and Ineffectiveness in Teaching
and Learning using the Active Methodology.

519% - 70% effectiveness — Alert: This indicator represents a possible Efficiency and Effectiveness in
Teaching and Learning using the Active Methodology, but with still doubtful gains.

71% - 100% Effectiveness — Satisfactory: This indicator represents Efficiency and Effectiveness in
Teaching and Learning using the Active Methodology.

The results observed in the pilot study indicated an effectiveness classified as satis-
factory for all active methodologies used in the teaching plan, as they all obtained a
score above 70% of effectiveness.

It is noteworthy that in this first application of the teaching plan, there was no
comparison of the proposed approach with a control group that uses the traditional
approach, as the focus of the pilot study was on the applicability of the teaching plan
and its use effects. At the end of the study, some points of improvement were identi-
fied and the necessary adjustments were made. The full details of the pilot study can
be found in [31].

With the completion of the pilot study, a second application, by means an experi-
ment, was conducted in the second half of 2021, with the participation of 68 students,
the strategy of [32], [33] and [34] was adopted, which performs the division of stu-
dents in groups of the same size (Control and Experimental) with 34 students each,
one of them being the control group, which conducted an algorithms subject through
the traditional teaching approach, and the second group was the experimental one,
which conducted the subject from the approach proposed as part of this work, which
is based on the use of active methodologies. The study was carried out remotely, due
to restrictions arising from the COVID-19 pandemic, the meetings were weekly and
had an approximate duration of 4 class hours each.

The content covered in both groups was divided into 3 parts, which were titled
Evaluation 1, 2 and 3 for the control group, and Teaching Module I, Il and 111 for the
experimental group, as shown in Figure 3.
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Proposed Approach

Evaluation 1

Unit 1: Algorithms and Programming
Languages

1.1. Solving Computational Problems

1.2. Informal Algorithm Examples

1.3. Formal Concept of Algorithms

1.4. Programming Languages and Paradigms

Unit 2: Computer Programming Basics
2.1 Primitive Data Types

2.2 Identifiers, Variables and Constants
2.3 Input and Output of Data

2.4 Operators and Defined Functions

2.5 Sequential Structure

Teaching Module |

Unit 1: Algorithms and Programming
Languages

1.1. Solving Computational Problems

1.2. Informal Algorithm Examples

1.3. Formal Concept of Algorithms

1.4. Programming Languages and Paradigms

Unit 2: Computer Programming Basics
2.1 Primitive Data Types

2.2 Identifiers, Variables and Constants
2.3 Input and Qutput of Data

2.4 Operators and Defined Functions

2.5 Sequential Structure

Evaluation 2

Unit 3: Selection Control Structures

3.1 Simple Selection

3.2 Composite Selection

3.3 Chained Selection

3.4 Selection with Multiple Choice Variable

Unit 4: Repetition Control Structures
4.1 Repetition with Control Variable
4.2 Repetition with Test at Start

4.3 Repetition with Test at End

Teaching Module I

Unit 3: Selection Control Structures

3.1 Simple Selection

3.2 Composite Selection

3.3 Chained Selection

3.4 Selection with Multiple Choice Variable

Unit 4: Repetition Control Structures
4.1 Repetition with Control Variable
4.2 Repetition with Test at Start

4.3 Repetition with Test at End

Evaluation 3

Unit 5: Program Modularization

5.1 Procedures and Functions

5.2 Global and Local Variables

5.3 Passing Parameters by Value

5.4 Passing Parameters by Reference
5.5 Storage Classes

5.6 Recursiveness

Teaching Module Il

Unit 5: Program Modularization

5.1 Procedures and Functions

5.2 Global and Local Variables

5.3 Passing Parameters by Value

5.4 Passing Parameters by Reference
5.5 Storage Classes

5.6 Recursiveness

Fig. 3. Contents covered in approaches (Traditional vs. Proposed)

Although both groups approached the same algorithms teaching units, the way of
conducting the classes was different in each group. In the control group, which was
based on the traditional teaching method, in each part (Evaluation 1, 2 or 3) there
were classic lectures, lists of exercises that addressed the content being studied and a
test, as illustrated in Figure 4.
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Content
Perception Quiz

Exercise List

Exercise List

CLASSIC EXPOSITORY CLASSIC EXPOSITORY CLASSIC EXPOSITORY

TRADITIONAL APPROACH

CLASSES CLASSES CLASSES
} } }
1 I T
| CORRELATION BETWEEN APPROACHES |
| ] |
| I |
Teaching Module I Teaching Module II Teaching Module III

FLIPPED CLASSROOM

Dialogued expository Dialogued expository

classes classes Dialogued
expository
classes

GAMIFICATION GAMIFICATION GAMIFICATION

Penalties

PROBLEM BASED PROBLEM BASED
LEARNING LEARNING
CODING DOJO CODING DOJO CODING DOJO

VIRTUAL LEARNING
ENVIRONMENTS

Virtual Meetings|

PROBLEM BASED
LEARNING AND SERIOUS
GAMES

PROPOSED APPROACH

VIRTUAL LEARNING
ENVIRONMENTS

Virtual Meetings|

Extra-class
Challenge II

VIRTUAL LEARNING
ENVIRONMENTS

Virtual Meetings

Extra-class
Challenge III

Support Support Support

Materials Materials Materials

-
Teaching Module I Feedback: Teaching Maodule II Feedback: Teaching Module III Feedback:
(Perception of Teaching Content (Perception of Teaching Content (Perception of Teaching Content
and Approaches) and Approaches) and Approaches)
-

Fig. 4. Teaching structure used in the traditional approach versus the proposed approach
In the experimental group, which used the approach proposed in this research (as

can be seen in Figure 4), all classes were expository and dialogued, which were ac-
companied by practical tasks that were conducted through active methodologies,
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which could vary depending on the teaching module that was being worked on. At the
end of each part (Teaching Module I, 1l and I11) students provided feedback related to
the content covered and the teaching approach used.

4 Related works

[35] present the results of a set of interventions that were carried out in algorithmic
subjects at the Federal University of Santa Maria — UFSMA, in Brazil. The authors
present an intervention strategy that was created based on the good practices of Prob-
lem Based Learning — PBL, applied in the algorithms subject. Preliminary results
show an increase in the approval ratings of the classes that participated in the experi-
ment. The authors intend to continue improving the proposal and seek to insert active
learning methodologies in all subjects of the Bachelor's Degree in Information Sys-
tems course at UFSMA.

[36] carried out a study related to the effects provided by gamification in the teach-
ing algorithms. The authors used a gamified strategy based on online judges to aid the
teaching and learning process. A comparative study was carried out and covered 4
academic semesters, making comparisons between the use of the approach based on
online judges versus traditional teaching. The results showed that the students who
participated in the experimental group had a higher performance than the group that
used the traditional approach, so that the pass rates were 81%, while the second group
(traditional approach) had an average of approval of 42% of the participants.

The work by [37] proposes a type of intervention for the algorithms subject that
applies active methodologies from tutorials. Approximately 16 tutoring meetings
were held, where the contents were actively worked out. In addition, the monitoring
of students was carried out individually, allowing the identification of the particulari-
ties of each student in a more effective way. The proposal by [37] also seeks to evalu-
ate the effectiveness of the proposed approach from an exploratory study with pro-
gramming students. In this study, we seek to identify, based on feedback from partici-
pants, the feasibility and relevance of the approach based on the students' perspective.
Preliminary results showed a good acceptance of students with the tutoring and the
authors seek in the future to carry out more experiments with the proposal and that the
results obtained may alleviate the difficulties faced by students in the algorithms sub-
ject.

[38] present a proposal for the use of gamification in algorithmic subjects, in which
game elements were created for the teaching units of the subject that focused on ho-
mogeneous data structures. The proposal sought to encourage students and increase
their engagement in the subject. One study analyzed student participation during the
course and the data showed a considerable gain in student grades, so that the concepts
of most students in the course rose to the GOOD category, whereas in the traditional
approach the average of the concepts is generally classified as REGULAR.

[39] presents an approach based on the use of Problem Based Learning and Flipped
Classroom active methodologies applied to the teaching algorithms in order to pro-
mote the engagement and autonomy of students in the classroom and, consequently,
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improve the performance of students. same in the subject. A comparative study was
carried out during six semesters, where the effects of using the proposed approach
versus the use of the traditional teaching approach were observed. The results showed
that the group that used the proposed approach had a higher learning gain than the
group that used the traditional teaching approach.

[40] presents an intervention proposal based on three active methodologies:
Flipped Classroom, Collaborative Learning and Gamification. The work addresses the
creation of a collaborative environment for teaching and learning programming. An
experiment was carried out in which two groups of students were created, the first
using the proposed approach in classes and the second using the traditional teaching
approach. Preliminary results indicated that the group that used active methodologies
obtained higher grades than the group that used the traditional teaching method.

The studies discussed in this section presents significant results, indicating learning
gains from the use of active methodologies, but it can be noted that the vast majority
is focused on the use of one or two active approaches. In addition, they do not present
a support tool to guide the construction of a teaching plan for the algorithms subject,
or present a detailed strategy for using each active approach with the contents of the
subject, nor do they correlate the teaching units with the cognition levels of Bloom's
taxonomy, which is a great strategy to identify and define the learning objectives of a
subject, which makes this research present a differential in relation to the others.

5 Teaching plan evaluation strategy

Research questions and hypotheses were defined that allowed observing the degree
of learning of the approaches used in the experimental group versus the control group
based on Bloom's revised taxonomy [26]. In this sense, we used the score results
obtained in the activities that were related to each teaching unit that was involved
with the research question that would be analyzed.

Table 3 details the study objectives with their respective research questions and
hypotheses, as well as the evaluation instruments used in the algorithm teaching units.

Table 3. Study objectives, research questions and hypotheses

Study objective 1

Research question 1 (RQ1): What is the effectiveness of learning in Teaching Module | when the pro-
posed approach of using active methodologies for teaching Algorithms is adopted in relation to the tradi-
tional approach?

Hypothesis HO1: In Teaching Module 1, there will be no difference between the scores obtained by the
Experimental and Control groups at the Create level.

Variables

DES1 — Challenges 1

DES2 — Challenges 2

DES3 — Challenges 3

D.EX1 - Extra class Challenge 1
COD 1 - Coding Dojo 1

M1 — Mission 1

Formulation: Ma > Mb, where:
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1. a = Experimental Group
2. b =Control Group

3. Experimental Group scores:

Na = ((DES1%0,25)+(DES2%0,25)+(DES3+0,25)+(D.EX1%1)+(COD1%0,25)+(M1+8))
=
10

4. Control Group scores:
Nb; = M1, where i is a student of Group b
5. Average of the scores of students in Group a:

Ma; = Z=1M% \where n is the number of students in Group a
6. Average of the scores of students in Group b:
Mb; = M, where n is the number of students in Group b

Instruments: Challenges, Extra class Challenge, Coding Dojo and Mission.

, where i is a student of Group a

Study objective 2

Research question 2 (RQ2): What is the effectiveness of learning in Teaching Module 11 when the pro-
posed approach of using active methodologies for teaching Algorithms is adopted in relation to the tradi-
tional approach?

Hypothesis H02: In Teaching Module 11, there will be no difference between the scores obtained by the
Experimental and Control groups at the Create level.

Variables

DES4 — Challenges 4
DESS5 — Challenges 5
DES6 — Challenges 6
DES7 — Challenges 7
D.EX2 — Extra class Challenge 2
COD2 - Coding Dojo 2
M2 — Mission 2
Formulation: Ma > Mb, where:
1. a = Experimental Group
2. b = Control Group
3. Experimental Group scores:
Na; =, where i is a student of Group a
4. Control Group scores:
Nb; = M1, where i is a student of Group b
5. Average of the scores of students in group a:

Ma; = % where 7 is the number of students in Group a
6. Average of the scores of students in group b:
Mb; = ’Sl%’\'b‘ where 7 is the number of students in Group b

Instruments: Challenges, Extra class Challenge, Coding Dojo and Mission.

Study objective 3

Research question 3 (RQ3): What is the effectiveness of learning in Teaching Module I11 when the
proposed approach of using active methodologies for teaching Algorithms is adopted in relation to the
traditional approach?

Hypothesis HO3: In Teaching Module 111, there will be no difference between the scores obtained by the
Experimental and Control groups at the Create level.

Variables

DES8 — Challenges 8

DES9 — Challenges 9

DES10 — Challenges 10

DES11 — Challenges 11

D.EX3 —Extra class Challenge 3
COD3 - Coding Dojo 3

M3 — Mission 3
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Formulation: Ma > Mb, where:
1. a = Experimental Group
2. b =Control Group
3. Experimental Group scores:
Nai — ((DESS*0,25)+(DESQ*0,25)+(DE510*0,25)+(DESl1*0,25)+(D.EX3*1)+(COD3*0,25)+(M3*7,75))

10
of Group a
4. Control Group scores:
Nb; = M1, where i is a student of Group b
5. Average of the scores of students in group a:

Ma; = @ where n is the number of students in Group a
6. Average of the scores of students in group a:
Mb; = ] *Nbi
Instruments: Challenges, Extra class Challenge, Coding Dojo and Mission.
Study objective 4
Research question 4 (RQ4): What is the learning efficiency of the proposed approach in the experimental
group.

Hypothesis H04: There will be no difference between the results obtained in the pre-test and post-test
activities carried out in the Experimental group.

Variables

, Where i is a student

, where n is the number of students in Group b

Pre-Test

Post-Test

Formulation: A qualitative analysis was performed based on the following criteria:
o Finite Instruction Sequence,

o Ordering of instructions,

o Unambiguous,

o Problem resolution.

Instruments: Pre-Test and Post-Test.

The experiment was carried out based on a schedule that guided the classes of the
experimental and control groups (as can be seen in Table 4), which presents the de-
tails of the teaching units that were worked in each class, as well as the intervention
strategies used in both groups.

Table 4. Experiment schedule

Days Control Group Experimental Group

Presentation of the subject,
how it is conducted and the |Presentation of the subject and the functioning of the teaching plan

Day 1 teaching plan used. used [30].

Inaugural

Class Auvailability of support Auvailability of support material.

material.
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Days 1 to
5

Classic lectures: About
the topics of teaching units
1 and 2 present in Figure 3.

Test: Evaluation activity
with multiple choice and
discursive questions about
the content taught in teach-
ing units 1 and 2.

Dialogue lectures: about teaching module | — Development of the
Programming Logic: With the topics of Unit 1 and Unit 2 present
in Figure 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'
virtual 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.

Extra class 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 | and which includes all the content covered in the current
teaching unit.

Days 6 to
11

Classic lectures: About
the topics of teaching units
3 and 4 present in Figure 3.

Test: Evaluation activity
with multiple choice and
discursive questions about
the content taught in teach-
ing units 3 and 4.

Dialogue lectures: about teaching module 11 — Software Construc-
tion with Scratch: With the topics of Units 3 and 4 present in
Figure 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, Extra class Challenge 2, Coding Dojo 2 and
Mission 2.

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 per-
formed and their correctness.

Extra class 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 in-
volve the subjects present in the content of each class of the cur-
rent 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 11 and which
includes all the content covered in the current teaching unit.
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Dialogue lectures: on teaching module 111 - Software Construc-
tion with programming language: With the topics of Unit 5 present
in Figure 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 learn-
ing of students, which will guide the acquisition of knowledge of
Classic lectures: About  |the teaching units worked on in the current module.

the topics of teaching unit |Virtual Environment: Tool where class materials are made

5 present in Figure 3. available, in addition to serving as a central place for students'
virtual meetings to share knowledge and send out activities.
Days 12 Coding Dojo 3: Code construction activity using the C program-
to 17 Test: Evaluation activity ~ |ming language, involving the contents covered in the current

with multiple choice and  |teaching module. All students participate through alternating roles:
discursive questions about |pilot, copilot and audience. The grade given to the participants
the content taught in teach- |takes into account the amount of challenges performed and their
ing unit 5. correctness.

Extra class 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 111 and which includes all the content covered in the
current teaching unit.

Day 17  |Content Perception Ques- [Content Perception Questionnaire.
Feedback |tionnaire. Questionnaire on teaching approaches

Each group (experimental and control) had a specific professor, who was responsi-
ble for conducting the subject from beginning to end. Both professors were supported
by a team of evaluators consisting of 3 members with experience in teaching algo-
rithms, who were responsible for correcting the activities carried out in both groups,
so that, in this way, there was no interference in the evaluation grades by the profes-
sors who were carrying out the interventions in the classroom and, consequently, the
bias in the results could be minimized.

6 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, RQ3 and RQ4 defined in this work.

6.1  Analysis of research question 1

In RQ1, "What is the effectiveness of learning in Teaching Module | when the pro-
posed approach of using active methodologies for teaching Algorithms is adopted in
relation to the traditional approach?”, evidence was sought to refute HO1 "In Teaching
Module I there will be no difference between the scores obtained by the Experimental
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and Control groups at the Create level”, by comparing the experimental and control
groups in Teaching Module | versus Evaluation 1. The data normality, variance and
the objective of evaluating the difference between two populations with treatment
conditions and two samples (treatments), therefore, we chose the Student-t two-tailed
test for independent samples.

The experimental group scored 7.79+1.25 in the evaluation, while the control
group scored 6.44+1.72. Thus, there is a real difference between the groups, where
the experimental score is A=1.35 higher than the control, indicating a possible in-
crease in learning in this group.

To perform the Student-t test, data were submitted to normality assumption tests,
which were verified using the Shapiro-Wilk test, with a result of P = 0.096. To verify
the variance, the Equal Variance Test (Brown-Forsythe) was used, with a result of P =
0.159.

From the Student-t two-tailed test (¢=0.05), there were significant differences be-
tween the analyzed groups (Experimental — Teaching Module | versus Control —
Evaluation 1), thus the test for the two independent samples showed that there is an
effect of using active methodologies in the experimental group, as can be seen in the
result of the Student-t two-tailed test with P-value = 0.000451 < 0.05. Thus, the sig-
nificance level derived from the test provided statistical evidence to reject HO1. Table
5 summarizes the results obtained for RQ1.

Table 5. Comparison of learning effectiveness between participating groups (student-t) in
teaching module I x evaluation 1

. Experimental Group Control Group
Variables - -
Evaluation Evaluation

Sample Size 34 34
Minimum 54 2
Maximum 9,6 9,3
Sum of Points 265,1 219,2
Median 7,64 6,75
First Quartile 6,85 5,50
Third Quartile 8,96 8,00
Average 7,79 6,44
Standard Deviation 1,256 1,726

6.2  Analysis of research question 2

In RQ2, "What is the effectiveness of learning in Teaching Module Il when the
proposed approach of using active methodologies for teaching Algorithms is adopted
in relation to the traditional approach?", evidence was sought to refute H02 "In Teach-
ing Module II, there will be no difference between the scores obtained by the Experi-
mental and Control groups at the Create level”. In the comparison between the exper-
imental and control groups in Teaching Module Il versus Evaluation 2, the standard
of comparison performed in the analysis of RQ1 was followed.
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The experimental group scored 7.81+1.25 in the evaluation, while the control
group scored 6.35+2.00. Thus, there is a real difference between the groups, where
the experimental score is A=1.46 higher than the control, indicating a possible in-
crease in learning in this group.

To perform the Student-t test, data were submitted to normality assumption tests,
which were verified using the Shapiro-Wilk test, with a result of P = 0.226. To verify
the variance, the Equal Variance Test (Brown-Forsythe) was used, with a result of P =
0.116.

From the Student-t two-tailed test (0=0.05), there were significant differences be-
tween the analyzed groups (Experimental — Teaching Module Il versus Control —
Evaluation 2). Thus, the test for two independent samples showed that there is an
effect of using active methodologies in the experimental group, as can be seen in the
result of the Student-t two-tailed test with P-value = 0.000594 < 0.05. Thus, the sig-
nificance level derived from the test provided statistical evidence to reject H02. Table
6 summarizes the results obtained for RQ2.

Table 6. Comparison of learning effectiveness between participating groups (student-t) in
teaching module 11 x evaluation 2

. Experimental Group Control Group
Variables - -
Evaluation Evaluation

Sample Size 34 34
Minimum 6,200 1,200
Maximum 9,900 9,700
Sum of Points 265,680 216,020
Median 7,555 6,450
First Quartile 6,720 5,135
Third Quartile 9,057 7,625
Average 7,814 6,354
Standard Deviation 1,250 2,002

6.3  Analysis of research question 3

In RQ3, "What is the effectiveness of learning in Teaching Module 111 when the
proposed approach of using active methodologies for teaching Algorithms is adopted
in relation to the traditional approach?", evidence was sought to refute HO3 "In Teach-
ing Module 11, there will be no difference between the scores obtained by the Exper-
imental and Control groups at the Create level”. In the comparison between the exper-
imental and control groups in Teaching Module 111 versus Evaluation 3, the standard
of comparison performed in the analysis of RQ1 was followed.

The experimental group scored 8.46+1.05 in the evaluation, while the control
group scored 6.46+1.52. Thus, there is a real difference between the groups, where
the experimental score is A=2.00 higher than the control, indicating a possible in-
crease in learning for this group.
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To perform the Student-t test, data were submitted to normality assumption tests,
which were verified using the Shapiro-Wilk test, with a result of P = 0.448. To verify
the variance, the Equal Variance Test (Brown-Forsythe) was used, with a result of P =
0.057.

From the Student-t two-tailed test (0=0.05), there were significant differences be-
tween the analyzed groups (Experimental — Teaching Module 111 versus Control —
Evaluation 3). Thus, the test for two independent samples showed that there is an
effect of using active methodologies in the experimental group, as can be seen in the
result of the Student-t two-tailed test with P-value = 0.0000000295< 0.05. Thus, the
significance level derived from the test provided statistical evidence to reject HO3.
Table 7 summarizes the results obtained for RQ3.

Table 7. Comparison of learning effectiveness between participating groups (student-t) in
teaching module 111 x evaluation 3

. Experimental Group Control Group
Variables - -
Evaluation Evaluation

Sample Size 34 34
Minimum 6,350 4,000
Maximum 10,00 9,500
Sum of Points 287,650 219,800
Median 8,590 6,500
First Quartile 7,580 9,287
Third Quartile 5,400 7,500
Average 8,460 6,465
Standard Deviation 1,052 1,523

6.4  Analysis of research question 4

In RQ4, "What is the learning efficiency of the proposed approach in the experi-
mental group?”, a qualitative analysis was carried out at the beginning and at the end
of the experiment, taking into account the following criteria: (i) Sequence of finite
instructions, (ii) Ordering of instructions, (iii) Unambiguousness and (iv) Problem
resolution.

Two logic tests were carried out, the first at the beginning (pre-test) and the second
at the end of the experiment (post-test), where the tests consisted in the elaboration of
a sequence of steps to solve a specific problem. With the completion of the tests, we
sought to analyze in the solutions provided by the students whether they had a se-
quence of finite, ordered, unambiguous instructions and whether the students' answers
were able to solve the proposed problems.

Pre-test data indicated that students, in general, sought to solve the problem using
steps or steps, but without presenting a logical step-by-step of actions. It was noticed
that the students had difficulty in developing a strategy to define a sequence of con-
sistent steps that would enable them to adequately solve the problem. The answers
generally had some incomplete steps, as well as not using commands characteristic of
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pseudocode or programming language. It was noticed that the students had difficulties
in visualizing/understanding what was sought to be solved and this may justify the
initial difficulty in mapping the actions that would make it possible to reach the reso-
lution of the problem, which was considered normal at this initial stage, considering
that the themselves still lacked knowledge and skills that would be acquired during
the experiment.

The post-test data showed a significant evolution of the students, as most of the so-
lutions presented contained well-structured algorithms, presenting a well-defined
sequence of steps, as well as the correct use of the syntax derived from the program-
ming language that was used in the experiment. In general, students were able to
structure programs in C language that managed to achieve the objective of the prob-
lem presented in the post-test. It was noticed that the students had less difficulty in
understanding the proposed problem and defining a consistent strategy for its resolu-
tion. This can be explained by the fact that in the post-test the students had a base of
knowledge and skills that were developed during the experiment and that this helped
them to elaborate the presented solutions.

In general, with RQ4 it could be seen that there was an evolution in student learn-
ing, as the results showed that they were able to develop structured algorithms
through unambiguous sequences of instructions that made it possible to solve the
proposed problems, which is indicative of efficiency and effectiveness of the pro-
posed approach that was used in the experimental group, therefore the HO4 was re-
jected.

7 Discussion

The results obtained in this study suggest that the learning effectiveness of the ap-
proach proposed in this work is superior to that obtained using a methodology of
traditional classes, since hypotheses H01, HO2, HO3 and HO4 were rejected, so that
the average grades achieved by the experimental group during the evaluations were
significantly higher when compared to the control group.

The positive results attributed to the experimental group may reflect the use of ac-
tive methodologies and their adopted practices, which are mainly focused on students,
seeking to promote their engagement and autonomy in the learning process. The re-
sults are similar to the statements of several authors in the specialized literature, who
work with types of active intervention focused on the development of student auton-
omy in programming subjects [7], [9], [41], [42].

It is noteworthy that this work sought to compare only the effects of using active
methodologies in the teaching algorithms, with no analysis of student performance
being carried out. We only sought to work with students who had not yet taken the
algorithms course, so prior knowledge that could be related to the course content was
considered low.

From the qualitative feedbacks of the students, it was possible to perceive that they
consider the teaching experience based on active methodologies very useful and that
it can contribute positively if it is adopted in their courses, as the students reported
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participating more actively in the classes. This corroborates the analysis made by
authors of [22], who observed in their research that the use of forms of intervention
focused on the student allows them to actively participate in classes, unlike when
using the traditional teaching method. Participants also consider that other subjects
could benefit if they adopted types of intervention similar to the one used in the ex-
perimental group.

With regard to the content used in the teaching units of the experimental group,
which was based on the strategy adopted in [27], students consider that they are ade-
quate and sufficient to promote the learning of the initial contents of computer pro-
gramming. The distribution of contents was positively evaluated by the students, as
well as the activities that were carried out in the experimental group, which always
sought to promote engagement, autonomy and the exchange of knowledge by the
students.

The control group that used an approach based on the traditional teaching method-
ology had its contents distributed in 3 periods (AV1, AV2 and AV3), which had a
theoretical workload much higher than the practical one, with some exercise lists and
a type of evaluation at the end of each cycle.

The theoretical workload greater than the practical one may have impacted on the
averages of the students, which were lower than those obtained in the control group,
as can be seen in the analysis of research questions and hypotheses in this work. This
may be a reflection of the difficulty in learning certain key contents of the subject,
which could be appropriated with less difficulty, with fewer lectures and more practi-
cal activities, which would stimulate student autonomy, exchange knowledge and
consequently increase their engagement. This corroborates some existing investiga-
tions in the specialized literature that state that the concentration of students in lec-
tures lasts approximately 20 minutes [43], [44].

With regard to the weaknesses identified in the experiment, it can be highlighted
that the experimental group was conducted remotely, as a result of the COVID-19
pandemic. This atypical period made it even more challenging to hold the attention of
students in the classroom (virtual), considering a number of factors that can arise with
remote teaching, such as internet connection issues, power outages, or other hardware
and software issues.

The experimental group, despite having a higher quantity of practices than the con-
trol group, still uses expository and dialogued classes to teach certain contents of the
teaching plan, as presented by [30]. However, it was noticed that when classes lasted
more than one class hour, students began to become more dispersed, losing some of
their focus, corroborating the statements of [43] and [44], about the duration of clas-
ses. Students reported that the experiment could be further improved if dialogued
expository classes were reduced to fit into a time interval of at most one class-hour
per meeting. Therefore, it is intended to carry out further studies to better determine
the appropriate duration for the realization of each expository and dialogued class for
future experiments.

It is noteworthy that the experiment was carried out over a period of 17 meetings
lasting approximately 4 hours of classes in both groups, totaling 68 hours of classes,
with the aim of covering all teaching units planned for the algorithms subject. It was
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observed that initially the students in the experimental group had a certain difficulty
in interacting with other members during practical activities. Students reported that
initial shyness made them more introspective during the first activities, but as the
course progressed, the dynamics provided by the use of active methodologies made
them overcome the initial limitations. The increase in interactions between students is
similar to the reports of [45], which reinforces that the correct use of active methodol-
ogies makes students feel more motivated to carry out classroom activities.

It can be noted that the activities that most aroused the interest of students were
those associated with the serious games approach, where students sought, through
practical activities, to build simplified games that met the demands defined in the
classroom.

8 Threats to validity

The results obtained in scientific research must be analyzed and interpreted with
some caution, especially with regard to the generalization of results. For [46, p.4],
“the validity of an experiment is related to the level of confidence that one can have in
the process of experimental investigation as a whole”. Therefore, some threats that
can influence the results were identified, which follow the usual classification of
threats to validity (internal, external, construction and conclusion). In the next subsec-
tions they will be presented, as well as some actions that could be taken to mitigate
them. Therefore, it is recommended that the results presented in this article should be
interpreted within the limits created by the threats presented below.

8.1 Internal validity

Internal validity helps to define whether the results obtained in a study conceive a
truth for the observed population, that is, with this type of validity, we seek to verify
whether the conclusions are adequate based on the results obtained from the studied
samples [47].

The experimental and control groups had students from higher education courses in
computing who had not yet taken the algorithms subject or its equivalent in their
undergraduate courses. The participation of students was voluntary and everyone
involved filled out a registration form that contained a consent form to carry out the
research. The distribution of participants in the groups was done randomly so that
there was no structuring of each group, this made it possible to reduce the confound-
ing factor and make the groups have a great similarity.

Regarding a possible threat of internal validity related to maturation, the study did
not limit the participants' search for knowledge to external materials (which were not
used in the experiment), therefore the existence of this threat is possible. To reduce
this threat, all materials used in both groups addressed the same contents (teaching
units) and were previously made available to students. In addition, the professors in
each group had great availability to assist students and answer questions outside the
hours of the experiment.
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An internal threat related to instrumentation was mitigated through the use of ex-
perts who were responsible for correcting the evaluations of both groups. Thus, the
evaluation process was independent and was not influenced by the professors. The
data that would be evaluated were passed on to the experts in an unidentified way, so
they did not have any information about the student who was being evaluated.

About a possible threat involving the level of knowledge of the professors who
participated in the experiment, the instrumentation used in each group, despite being
different, addressed the same contents (teaching units). Likewise, the evaluations
sought to work with the contents of each cycle, so both professors had a direction of
the base content that should be taught at each stage, and corrections were made inde-
pendently by experts.

8.2  External validity

External validity is characterized by the results obtained from the analysis of a
sample and whether the conclusions are applicable to a broader population from
which the sample was drawn, that is, it seeks to identify whether the results can be
generalized to larger populations, that have the same characteristics as the sampling
[47]. Thus, this study sought to use a context focused on undergraduate students from
higher education courses in computing who had not yet attended the algorithms sub-
ject, so it is recommended that the results be generalized through this academic con-
text.

The experiment was carried out with a sample of 34 students in each group (exper-
imental and control), so the sample size is considered small and generalizations
should be viewed with caution due to their limitations. Furthermore, the study was not
tested in other populations, taking into account factors such as different academic
levels of the participants. The study was also not used within a subject of a regular
undergraduate course, the same occurred in the format of extension courses involving
participants (professors and students) who had an active relationship with a universi-
ty. The decision to use extension courses was made with a focus on evaluating the
applicability together of active methodologies in a controlled scenario without caus-
ing damage to the absorption of knowledge by students in the undergraduate courses
to which they are linked.

8.3  Construction validity

With the construction validity or construct validity, the aim is to demonstrate that
the instruments of a study can measure or evaluate what is proposed, so that it is pos-
sible to determine characteristics that can explain possible dispersions of the results
(scores) with the study average [48].

In this sense, the research questions that were defined in this study with their re-
spective results were analyzed and one of the most important validity of the construc-
tion of this research is based on the efficiency and effectiveness of the use of active
methodologies in the experimental group compared to the group of control. Thus, the
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distribution of contents and activities in the experimental group was planned based on
the levels of cognition extracted from Bloom's revised taxonomy [26].

It is important to highlight that the number of participants may not be enough to
provide concrete evidence that allows the evaluation of the learning level obtained by
students at each learning level in Bloom's revised taxonomy. Therefore, statements or
generalizations should be viewed with caution, for example, it cannot be said that
students who participated in the study in the experimental group will have success
(approval) when taking the courses of algorithms and others related to programming
in their courses, even having indications from the results of the experiment.

8.4  Conclusion validity

For [49], the validity of the conclusion seeks to reach the conclusion of a study
based on the relationship between the treatment used and its final result. Therefore,
this process is related to the proper use of statistical analyzes and assertive interpreta-
tions of the results obtained, as well as the use of reliable measures and the correct
implementation of treatments [46].

With this study, it was noticed that the data collected from the samples of the ex-
perimental and control groups are small and, therefore, statements and generalizations
of the results for larger populations must be interpreted with caution. To circumvent
this possible threat of low statistical power in the distribution of samples and ensure
greater reliability of the conclusions obtained in the study, a technique disseminated
in some studies such as [50], [51], [52], [53], who used a strategy based on the adop-
tion of a more robust statistical test that accepted small samples, with low statistical
power.

9 Conclusion

This work presented the results of the application of an algorithms teaching plan
that makes use of multiple active methodologies. The proposed approach presented
significant results when compared to the use of the traditional teaching method, reach-
ing relevant statistical gains that indicate greater teaching effectiveness when using
the proposed approach.

It was presented the details of the adopted teaching strategy, as well as the correla-
tion of the algorithm teaching units with the cognitive structures of Bloom's taxono-
my.

The preliminary results obtained in this work are positive and considered statisti-
cally significant, however caution is recommended when making generalizations, as
the target audience reached by the study is still considered low, and the teaching plan
can still be replicated in other scenarios, such as for example in face-to-face classes.

As future work, it is intended to continue evolving the teaching plan and replicat-
ing the experiment in classroom classes of courses in computing, considering that the
applications of the teaching plan were all made remotely due to the restrictions caused
by the COVID-19 pandemic. In addition, it is also intended to analyze the perspective
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of professors using the proposed approach. In the long term, it is intended to expand
the use of the intervention strategy to other advanced programming subjects in higher
education courses in computing, considering that the algorithms subject is considered
introductory in this area.
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12 Appendix A
Table 8. Details of the content of algorithms used in the teaching plan versus Bloom's
taxonomy
. A Learning
Modules Topics Activities Expected Results Levels
Presentation of the L
Initial teaching plan  |. A_ppllcatlon of Identify the profile of each student, as
. " initial level evalu- - - .
Evaluatio | student profile - . well as the skills and prior knowledge | Not applicable
o ation question-
n Module | identification and - they have
naire
placement test
Theoretical and The student must know the basic Remember /
practical class contents of algorithms Factual
Content:
. The student must be able to correlate
Initial Concepts of - p :
. the basic contents of algorithms with | Understand /
. Algorithms Challenge 1 . .
Teaching possible problem_s e_md computational Procedural
Module | Uniits: limits
11,12e13 The student must be able to solve
' Extraclass . - Apply /
challenge 1 problems that mvol\{e initial concepts Procedural
of algorithms
Content: Theoretical and The student must be able to under- Remember /
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Evaluation
(All content in
current module)

Module I to solve problems that
involve all the content taught

Problem solving practical class |stand how real problems can be solved| Conceptual
algorithmically algorithmically
Units: Challenge 2 The stuglent mulst b_etre]iblfe t(;lsolve Upnderséandll
14,2122 problems algorithmically rocedural
Content: - The student must be able to under-
. Theoretical and Remember /
Problem solving . stand how real problems can be solved
T practical class T Conceptual
algorithmically algorithmically
(Continued)
. Challende 3 The student must be able to solve Understand /
Units: g problems algorithmically Procedural
23,24e25
The student must be able to analyze
the problems and solve them based on Analyze /
their knowledge of algorithms and Conceptual
) ) pseudocode
Cogsggilggjo The student must be able to create Create /
(All content in Coding Dojo 1 |solutions that solve the problems using Procedural
algorithms and pseudocodes
current module)
The student must be able to evaluate
the implemented solutions and make Evaluate /
decisions based on their knowledge of Factual
the Teaching Module |
The student must be able to apply the
Mission 1 knowledge acquired during Teaching Apply /

Metacognitive

Delivery of Extra-
class Challenge 1

The student must deliver the Extra-
class Challenge 1 resolution through
the Virtual Learning Environment

Not applicable

Teaching
Module 11

The student must know Scratch and

Theoretical and how the contents of variables and Remember /
Content: Introduc-| practical class | operators are worked in this environ- Factual
tion to Scratch - ment
variables and The student must be able to solve
operators - Understand /
Challenge 4 problems about variables, operators <
d selecti . h Procedjural
Units: and selection structures using Scratc
3le32 Extraclass The student must be able to solve Apply /
challenge 2 A .
- algorithmic problems using Scratch Procedural
available
Content: Theoretical and | The student must know the conditional| Remember /
Conditional and practical class | and control structures through Scratch Factual
Control Structures
in Scratch The student must be able to solve
. A . Understand /
. Challenge 5 problems involving condition and Procedural
Units: control structures using Scratch
33e34
Content: Repeti- | Theoretical and | The student must know the repetition | Remember /
tion Structures in | practical class structures through Scratch Factual
Scratch
The student must be able to solve
; . o Understand /
Units: Challenge 6 problems involving repetition struc- Procedural
41e4d2 tures through Scratch
Content: Lists Theoretical and | The student must know what repeti- | Remember /
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(Arrays) in practical class | tion structures and vectors in Scratch Factual
Scratch are and how they work
" The student must be able to solve Understand /
Units: Challenge 7 problems involving repetition struc- | 5
42e43 tures and vectors through Scratch
The student must be able to analyze Analvze /
the problems and solve them based on Concg tual
their knowledge of Scratch P
Coding Dojo The student must be able to create Create /
Practice Coding Doio 2 solutions that solve problems using Procedural
(All content in 9ol Scratch
current module) The student must be able to evaluate
the implemented solutions and make Evaluate /
decisions based on their knowledge of Factual
the Teaching Module I and II
The student must be able to apply the
knowledge acquired throughout Apply /

Evaluation
(All content in
current module)

Mission 2

Teaching Module 1l to solve problems
that involve all the content taught.

Metacognitive

Delivery of Extra-
class Challenge 2

The student must deliver the Extra-
class Challenge 2 resolution through
the Virtual Learning Environment

Not applicable

Teaching
Module
11

Theoretical and The student must know how the C Remember /
practical class programming language works Factual
Content: Introduc- The student should be able to solve
- basic programming problems (declar-
tion to C language - - : Understand /
Challenge 8 ing variables, data input and output,
logical functi - Procedural
Units: ogical operators, functions) using C
51e 5'2 programming language
Extraclass The student must be able to solve Aoply /
challenge 3 algorithmic problems using the C Progsd)ljral
available programming language
The student should know how condi-
) . Theoretical and | tional, control and parameter passing | Remember /
Content: Condi- | practical class | structures are developed using the C Factual
tional and antrol programming language
Structures in C
The student must be able to solve
Units: pr_oblems that determine the cor_ldl— Understand /
53e54 Challenge 9 tional and control structures with
3eb. - Procedural
parameter passing through the C
programming language
The student must know how repetition
Content: Repeti- | Theoretical and | structures are developed and how the | Remember /
tion Structures in | practical class parameters of the C programming Factual
C language are passed
The student must be able to solve
Units: parameter passing problems using Understand /
5455 Challenge 10 repetition structures through the C Procedural
programming language
Content: h ical The student should know how storage
C language vec- T eoretica and classes and arrays are developed using Remember /
practical class . Factual
tors the C programming language
Units:
55656 Challenge 11 The student must be able to solve Understand /
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problems that make use of storage
classes and vectors through the C
programming language

Procedural

Coding Dojo
Practice
(All content in
current module)

The student must be able to analyze
the problems and solve them based on
their knowledge of the C program-
ming language

Analyze /
Conceptual

Coding Dojo 3

The student must be able to create
solutions that solve the problems using
a C programming language

Create /
Procedural

The student must be able to evaluate

the implemented solutions and make

decisions based on their knowledge

acquired throughout Teaching Mod-
ules I, I1and Il

Evaluate /
Factual

Evaluation
(All content in
current module)

Mission 3

The student must be able to apply the
knowledge acquired throughout
Teaching Module 111 to solve prob-
lems that involve all the content taught

Apply /
metacognitive

Delivery of Extra-
class Challenge 3

The student must deliver the Extra-
class Challenge 3 resolution through
the Virtual Learning Environment

Not applicable

Final
Evaluatio
n Module

Final Evaluation
of the Teaching
Plan

SWOT (Strengths,
Weakenesses,
Opportunities and

Threats) Analysis

Identify the main points related to
areas, weaknesses, proposals and
opportunities from the application of
the teaching plan

Not applicable
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