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Abstract— This Research Full Paper presents that
nowadays it can see the growing evolution of the software
development process, making agile methodologies commonly
used. In this context, exploratory testing stands out as an
alternative used in the industry to meet the needs of agile and /
or short-term testing processes. However, professionals use this
agile testing approach in an unstructured way, and this may be
because they don't really understand how to apply it
strategically where they can involve design and execution
activities. In this context, this paper aims to present an
approach that allows to apply the teaching of design and
execution activities of exploratory test following structured
procedures and aligned to the curricula (Brazilian and
international) of the software engineering together with
relevant practices in the industry. This study originates from a
literature review, where important gaps are perceived to
address exploratory testing education regarding design and
execution activities. This involves the need to map the assets
present in the curricula of the Brazilian Computer Society
(SBC) and the Association for Machinery and Institute of
Electrical and Electronics Engineer (ACM / IEEE), as well as
being guided by the practices prescribed in the TMMi, by have
a process area dedicated to these activities. In addition, we
highlight the importance of having conducted interviews with
professionals to identify tools, techniques and work products
commonly used in the industry so that all this supports the
alignment between academic and industrial context. In this
way, it was possible to develop a consistent program of studies
that allowed the construction of a teaching plan involving
active pedagogical practices so that students can "learn by
doing" in a more interactive way, that is, provide a student-
centered teaching and learning in order to make such an
approach more beneficial to the student, conditioning them to
obtain the competences and abilities expected in the industry.

Keywords—exploratory testing, test design and execution,
software testing education, active methodologies.

I. INTRODUCTION

Currently, agile development approaches have become
essential, and it is also necessary to guarantee the quality of
the products and services offered. Consequently, new testing
approaches, considered agile in the specialized literature,
have been the protagonist in the industrial scenario [1]. In
this case, exploratory testing (ET) has been widespread to
meet these agile quality processes [2]. However, many
professionals (software engineers) understand how an
informal testing approach, without any structured
procedures, does not support the management of this testing
process [3].

Despite the rise in the use of agile tests, especially
exploratory testing, great challenges are still perceived due
to the misunderstanding of how to more systematically
apply design activities, exploration techniques to guide
systematic navigation through the system under test and use
exploratory test management, which provide structured
procedures to assist incident tracking, control, metrics, and

Sandro Ronaldo Bezerra Oliveira
Graduate Program in Computer Science (PPGCC), Institute of
Exact and Natural Sciences (ICEN)
Federal University of Pard (UFPA)
Belém — PA, Brazil
srbo@ufpa.br

test process management [4]. In this context, it was observed
the fact that the author of this work detected in a literature
review that most of the studies deal only with the execution
of exploratory tests, so there is a need to apply this study
aiming to provide graduates not only with an understanding
of the possibility of structuring exploratory test design and
execution activities, but mainly providing them with skills
that meet the demand of the industry [5].

It is extremely important that professionals are able to
understand how to structure their testing processes and can
have a more interactive and communicative contact with
other employees, however, this must be acquired as part of
their training. In this context, the proper learning process is
essential, including for understanding that an industrial
process with systematic procedures based on formal
guidelines, standards or good practice guides makes it
possible to achieve a significant level of effectiveness, as
they are documents containing organized records of
experienced professionals, uniting theory and practice [6]
[7].

Conducting these studies on exploratory testing
education becomes important as it involves theoretical and
practical activities that are more in line with reality, aiming
to train professionals with sufficient basic capacity to
engage in the industry. Therefore, this study aims to present
a teaching plan that provides the practical application of
software testing concepts, in particular, activities aimed at
the design and execution of software testing, in line with the
Test Maturity Model integration (TMMi), and the SBC and
ACM / IEEE curricula. This teaching and learning plan
becomes appropriate and effective related to Exploratory
Test Design and Execution, including using alternative
pedagogical practices to traditional teaching, strongly
defended in the Computing Curricula (CC) 2020 [8][9].

In addition to this introductory section, the paper is
structured having in Section II the theoretical foundation, in
Section III the related works, in Section IV the research
methodology, in Section V the study program adapted for
this subject of exploratory test design and execution, in
Section VI the teaching plan based on the syllabus, in
Section VII the prior evaluation of this teaching plan and,
finally, in Section VIII the conclusion and future work.

II. BACKGROUND

This section presents the concepts of software
engineering education, the exploratory testing approach and
a description of the Test Design and Execution process area
prescribed in TMMi.

A. Software Testing Education

Software Engineering Education (SEE) continues to
evolve, with the main focus being the preparation of
Software Engineering (SE) students for future careers,
however there are still large gaps between the subjects
covered in academia (university) with techniques and



models (frameworks) used by the software industry. Such
gaps are caused, mainly, in subjects that have been spread
exponentially, for example, quality assurance, machine
learning, as well as technological innovations [10].

For this, international organizations such as the ACM
and IEEE; and national, such as the Brazilian Ministry of
Education (MEC) and the SBC guide the SE curricula
considering the integration of industrial perspectives and
alternative teaching approaches to the classical model.
However, the nature of SE learning activities in traditional
classrooms is limited in scope and time, making it more
difficult to strike a proper balance between theory and
practice and meet industrial demands becoming an open
question for Software Engineering Education [10].

Among the corresponding teaching guidance documents
published by the aforementioned organizations, it is
emphasized that the latest version of the computing
curriculum (CC 2020) which strongly supports the use of a
teaching and learning approach that offers practical
experiences adherent to the industry and that promotes the
greater student engagement, considering the teacher a
facilitator of this process [9]. Therefore, this work presents
the documentary inputs used as a basis for identifying topics
(asset mapping) related to the context of this research.

B. Exploratory Testing

It is defined as an approach that is based on the tester's
experience, where the design and execution of tests are
carried out simultaneously and freely, following the
knowledge acquired from each previously performed
exploration and analysis of the results of previous tests. In
this way, the tester is able to identify heuristics about the
behavior of the system under test and types of failures
already identified in the system under test or by familiarity
with a system in the same application domain [11][12][13]
[14].

In [15], exploratory testing is classified as an agile
testing approach that can be applied according to what is
proposed by Brian Marick in the Agile Testing Quadrant,
presented in Figure 1 [16].
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In [17], a reformulation of the concept of exploratory
testing is presented, defining an approach that allows
evaluating a product by learning about it through exploration
and experimentation, involving to some degree: questioning,
study, modeling, observation, inference, etc. [17]. Towards
this end, authors in[18] identified in their studies that testers
implicitly apply many exploration strategies depending on
the level of education.
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Fig. 1. Agile Testing Quadrants [15][16].
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In [19], it is exemplified that the learning process using
the exploratory test approach occurs in a cyclical way. This
model is called the Kolb Learning Cycle (as can be seen in
Figure 2), where the tester holds experiences, then makes
inferences and abstracts what he thinks is relevant and what
he managed to perceive about the test object, thus actively
experiencing the object. In this context, [20] presented
results that show that this Experimental Learning was
essential to guide or organize the thinking of testers to detect
defects.
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Fig. 2. Kolb Learning Cycle [19].

In view of this, [19] demonstrates how the dynamics of
the exploratory test process involving Kolb's Experimental
Learning can be structured (as can be seen in Figure 3). This
is constituted from the elaboration of the test chart,
proceeding with the identification of useful variables and
heuristics to observe ways and/or data to explore the object
under test. With this, it allows to conduct the experiment of
the system (exploration) being carried out careful
observations as this exploration of the object takes place.
Finally, an interrogation is carried out with the technical
leader in order to understand the level of knowledge
acquired and/or identify the test coverage explored, and
identify opportunities for improvement, etc.
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Fig. 3. Structured exploratory testing process involving Kolb’s

Experimental Learning [19].

It is also emphasized the possibility of using exploration
strategies (navigation by the test object) to make the tests
more efficient [18][19][21]. In addition, [4] states that
because there are some deficiencies that directly affect the
management of test processes, techniques have emerged to
minimize it, such as Session-Based Test Management
(SBTM), Thread-Based Test Management, Risk-Based Test
Management. In this case, such management techniques
define more systematic procedures to provide a structured
application of exploratory testing, managing to meet factors
relevant to the effectiveness of the testing process.



C. Test Design and Execution Prescribed at TMMi

In TMMi there is a process area that specifically serves
the Test Design and Execution activities, which aims to
improve the capacity of the test process regarding the
execution of architecture construction activities (design), test
execution and analysis from the definition of design
technique specifications [22][23].

In TMMi are proposed objectives, practices and their
corresponding sub-practices to be carried out in a structured
test process, encompassing from the identification of test
conditions to the management of incidents to closure. For
this, test design techniques are reported to derive test
conditions and test procedures, exemplifying the use of test
charts for exploratory testing [22][23].

In addition, in order to achieve the effectiveness and
efficiency of the test process, the possibility of using tools
both to assist these test design activities (identify test
conditions, procedures and data, maintain bidirectional
traceability and prepare a test schedule) regarding execution-
oriented practices, considering process and incident
management (reporting incidents, communicating incidents
to stakeholders, evaluating incidents for closure, regression
testing and managing incidents) [22][23].

D. Active Methodologies

Active methodologies have gained notoriety and more
importance in the last decade, although there are records that
encourage such teaching for many years. This exponential
growth in the search for new pedagogical practices occurs,
mainly, from the insertion of computers and access to the
Internet as an educational resource, so there is a need to
obtain teaching alternatives to improve learning, generally
following the direction of use of more engaging strategies
than traditional teaching [24]. It is considered that the
importance of student-centered pedagogical practices
emerged more in debates since the last century with the
movement called “New School”, in which some thinkers of
the time, for example, William James and John Dewey,
already defended a methodology of teaching with a focus on
learning through experiences and autonomous student
development [25].

It is emphasized that the idea of the New School,
preached by John Dewey, is based on “learning by doing”, in
experiences with educational potential, which is notable in
active methodologies. According to [25], the active
methodology is characterized by the interrelationship
between education, culture, society, politics and school,
where it develops through active and creative methods
centered on the learner's activity in order to promote
learning. For [24], it is a way of conceiving education that
presupposes the activity, where the student becomes the
protagonist and takes responsibility for his learning process,
with the teacher as a guide for this process. In this context,
[26] exposes aspects that can characterize the role of the
teacher and the student (as can be seen in Table I).

TABLE I. TEACHER VS STUDENT [26].

Teacher Student

Doesn't speak, ask. Don't take notes, look, find.

Suggests topics and instruments Search and find solutions

Learns technology with students Learn about quality and rigor with

the teacher

Evaluates student solutions and
responses, examining quality and
accuracy; contextualization.

Refines and improves responses,
adding rigor, context, quality.

Finally, it is noteworthy that there are several techniques
or methods associated with active methodology, which

provide the student with learning through experiences that
boost their development of autonomy and protagonism, as
well as create situations that arouse their curiosity and
become aware of reality. Such methods are: flipped
classroom [25][27], project-based learning [28], problem-
based learning [28][29], shared classroom [30], blended
learning [26][30], game-based learning (gamification) [25]
[39], etc. It is emphasized that the teacher has the autonomy
to adapt or create methods, while respecting the principles of
active methodology.

III. RELATED WORKS

In [31], there was the elaboration of a more generic
teaching plan returning to the teaching and learning of agile
software testing foundations using active methodologies.
This teaching plan was based on an expert literature review
and asset mapping. As a result, it is possible to observe a
close alignment with the ACM / IEEE and SBC curricula
and guides such as TMMi and SWEBOK, use of many
active pedagogical practices, being designed for face-to-face
teaching, but it is not described if the test approaches to be
taught must be structured. This present study differs in that
it does not use SWEBOK, as it focuses on practical Test
Design and Execution activities, instead of presenting
different concepts about the same term and technique.

In [32], a pragmatic software testing subject was
proposed based on nine key principles that can be taught to
computer science students including building a testing
mindset and interacting with practitioners. This Software
Testing and Quality Engineering subject covers several
different aspects of software testing in general and adheres
to the syllabus of the International Software Testing
Qualifications Board (ISTQB). It is noticed that the initial
syllabus from the test foundation, presenting different
techniques and ending with lectures by professionals
working in the area. It is noted that this present work differs
in being based on the Brazilian and international curricula,
following the focus on exploratory test design and execution
activities adhering to the TMMIi guide, which also involves
programmatic content based on the ISTQB syllabus [33].

Therefore, it is clear some similarities with the other
works when observing the documents analyzed to carry out
the mapping of assets and some steps for the construction of
its proposal (teaching-learning approach). However, the
differential of this work is due to its focus on the practical
application of Exploratory Test Design and Execution
adhering to the academic and industrial context, being
planned to meet the need for remote teaching caused by the
current pandemic moment. In addition, it is observed that
the pedagogical practices used are grounded and consistent
with teaching and learning using digital technologies.

IV. RESEARCH METHODOLOGY

The methodological procedures applied were:

i)  Definition of the study theme, a literature review
was carried out and a great potential for study on software
engineering education was identified, more specifically on
Exploratory Test Design and Execution [5]. In this case, the
relevance of carrying out a documentary analysis of
curricular guidelines was perceived, as well as investigating
tools, techniques and work products used in the industry to
support the construction of a teaching plan, offering
practical applications relevant to the industry and adhering
to academic curricula.

iil) Mapping of assets, the analyzed inputs were the
RF-SBC, CS-Curricula of ACM / IEEE and TMMi. The first
two were selected because they are Brazilian and



international curriculum guides, respectively, and the last
one because it is a guide based on practical and structured
applications of Test Design and Execution. In view of the
inputs, a mapping of assets was carried out from the
identification and cross analysis of data present in the
curricular guidelines with the TMMIi referring to the assets
relevant to the Test Design and Execution activities, in
general [34]. In this mapping, 13 assets and 110 asset items
for Test Design and Execution were identified, involved in a
two-level correspondence, namely: a) Training axes (RF-
SBC) and related knowledge arecas (ACM / IEEE) the Test
Design and Execution process area, b) Derived Content and
Competences (RF-SBC), as well as topics and learning
outcomes (ACM / IEEE), which were related to the specific
objectives, specific practices and sub-practices of the TMMi
process area, which is the focus of this work [34].

iii) Interviews with professionals, the participants
were professionals in the software testing accredited by a
national (Brazilian) and / or international institution, or
obtained professional certification at TMMI, including
experience in test process improvement. Thus, it was
possible to obtain relevant answers to the construction of a
teaching plan focused on the Design and Execution of
Exploratory Test to offer practical content closer to reality
[35]. The results of the interviews were: a) identification of
tools, techniques and work products for Exploratory Test
Design and, b) identification of tools, techniques and work
products for Exploratory Test Execution. In the context of
item “a”, the most used tools to assist design activities were
Testlink and Jira, where risk analysis was the most cited
activity in relation to support to identify and prioritize test
conditions, including being useful as well as complement to
the Exploratory Test. Regarding work products, the test plan
and results of previous test runs were most used. In the
context of item “b”, Mantis and Jira were the most
mentioned tools to help the management and execution of
tests. As for the execution techniques, the use of Exploratory
Testing with manual and automated strategy was observed,
while the Incident Report and the Matrix were commonly
used work products [35].

iv) Construction of the Study Program, based on the
mapping, 12 competences expected from the Exploratory
Test Design and Execution were identified, where it was
possible to establish correlated subjects organized in four
teaching units that comprise: a) Exploratory test analysis and
design, b) Implementation of exploratory testing procedures,
c) Exploratory test execution and d) Test and incident
process management. Subsequently, the structural elements
for each teaching unit were defined, which are:
prerequisites, guiding questions, programmatic contents,
expected results and learning levels, also having the
teaching strategy that corresponds to the approach to be used
in the teaching plan, being adhering to the learning levels
established by the teaching unit [36].

v) Application of peer review, this was applied to the
mapping of assets, analysis of interview questions, study
program and teaching plan to ensure from the beginning the
adherence of the analyzed inputs until the elaboration of the
proposed teaching plan based on active methodologies. In
summary, it was a constant activity at each stage of this
research, in order to also avoid author bias.

V. SYLLABUS

The teaching plan proposed in this work is an instance of
the syllabus already developed, which aims to support the
teaching and learning of exploratory test design and
execution in undergraduate courses in Computer Science
[36]. It is emphasized that this syllabus was prepared from a
mapping of assets based on ACM / IEEEE (international)
and SBC (Brazilian) curricula, and the TMMIi (international
practical guide), in addition to the results obtained in
interviews with professionals to coherently align theory
(academic context) with practices commonly used in the
industry. Therefore, Table II presents the adopted
competences that students should obtain when studying the
subject of exploratory test design and execution.

TABLE II. GENERAL COMPETENCE ADOPTED

C1. Employ methodologies that aim to ensure quality criteria
throughout the exploratory test design and execution step for a
computational solution.

C2. Apply software maintenance and evolution techniques and
procedures using the ET approach.

C3. Manage the exploratory test approach involving basic
management aspects (scope, time, quality, communication,
risks, people, integration, stakeholders and business value).

C4. Apply techniques for structuring application domains
characteristics in the exploratory test approach.

CS5. Apply techniques and procedures for identifying and
prioritizing test conditions (with a focus on exploratory testing)
based on requirements and work products generated during
software design.

C6. Apply software model analysis techniques to enable
traceability of test conditions and test data (with a focus on
exploratory testing) to requirements and work products.

C7. Apply theories, models and techniques to design, develop,
implement and document exploratory testing for software
solutions.

C8. Apply validation and verification techniques and
procedures (static and dynamic) using exploratory testing.

CG9. Preemptively detect software failures on systems from
the exploratory test application.

C10. Perform integrative testing and analysis of software
components using ET in collaboration with customers.

C11. Conduct exploratory testing using appropriate testing
tools focused on the desirable quality attributes specified by the
quality assurance team and the customer.

C12. Plan and drive the process for designing test cases

(charters) for an organization using the ET approach.

The syllabus used in this study, adapted from [36],
follows the structural organization (see in Table III):

*  Prerequisites are the subjects previously necessary
to provide the theoretical basis on the area,

*  Guiding Questions are inquiries made to students,
usually at the beginning of the teaching unit to encourage
discussion on the subject,

*  Programmatic Contents are the topics to be
taught in line with the competences planned for the subject,

* Teaching Strategy is the approach adopted to
teach the syllabus, being established in accordance with the
desired learning level and expected results,



* Expected Results are the expected competences
and skills that the student will be able to obtain in order to
retain the knowledge acquired with the subject,

* Learning Level, for each expected result there is
an expected learning level and for this, the Revised Bloom

Taxonomy [37][38] was used.

TABLE III. SYLLABUS FOR EXPLORATORY TESTING DESIGN AND
EXECUTION

The student must be able to

analyze and establish Understand / Conceptual
- . o o Analyze / Conceptual

verification criteria for initial

tests. Apply / Conceptual

The student must be able to Apply / Procedural

analyze criteria to enable him to Analyze / Procedural

develop an appropriate test Evaluate / Conceptual

execution schedule. Create / Conceptual

Programmatic Content — PC 1.3

Subject — Exploratory Test Design and Execution

Prerequisites

ACM/IEEE: (SE) Software Engineering
SBC: Software Engineering

Guiding Questions
Q1. How to apply a set of design techniques to identify test
conditions and test procedures, both exploratory? (PC1 - 1.1,
1.2)
Q2. What criteria are suitable for prioritizing test conditions
and test procedures, both exploratory? (PC1 - 1.2)
Q3. What aspects are analyzed for the strategic definition of
an exploratory testing process? (PC1 - 1.3)
Q4. How to develop test charts suitable for certain contexts?
(CP2-2.1)
Q5. How to identify suitable criteria for verification of initial
tests? (CP2 - 2.1)
Q6. How to systematically apply exploratory testing
considering pre-defined test charts and selected exploration
techniques?
Q7. How to apply exploratory test session report review best
practices? (CP4 - 4.1)
Q8. How to use good practices to communicate incidents to
stakeholders? (CP4 - 4.1)

1.3 Exploratory Test Execution

1.3.1. Practical execution of exploratory testing using
structured exploration and SBMT techniques

1.3.2. Application of good incident recording practices

1.3.3. Application of good incident analysis practices

1.3.4. Application of good practices for maintaining work
products as per test results

Expected Results Learning Level
The student must understand and
apply exploratory testing
adhering to the pre-defined test Understand / Conceptual
charts and selected exploration Apply / Procedural
strategy.
The student must understand and | Understand / Conceptual
apply exploratory testing | Apply / Conceptual and
following structured procedures Procedural
inherent to the SBTM. Analyze / Procedural
The student should be able to Remember / Factual
understand and apply good | Understand / Conceptual
practices in incident logging and Apply / Procedural
cause analysis. Analyze / Procedural

Programmatic Content — PC 1.4

Programmatic Content — PC 1.1

1.1 Exploratory Test Analysis and Design

1.1.1. Test fundamentals

1.1.2. Work products suitable for the analysis and
identification of test conditions adhering to the test objective
1.1.3. Test design techniques

1.1.4. Analysis aspects for prioritization of test conditions and
procedures

1.1.5. Exploratory test management techniques

1.1.6. Agile testing process (focus on exploratory testing)

1.4 Test and Incident Process Management

1.4.1. Practice reviewing reports exploratory testing sessions
1.4.2. Good practices for reporting incidents to stakeholders
1.4.3. Lessons learned analysis for exploratory testing process
management

Expected Results Learning Level

The student must be able to
understand and apply good
practice in reviewing reports and
writing a test summary report.

Understand / Conceptual
Apply / Conceptual and
Procedural

Expected Results Learning Level

The student must understand the
basics of software quality and
testing, including the exploratory
testing approach. In addition to
understanding the test design
techniques to be used.

Remember / Factual
Understand / Conceptual

The student must be able to
analyze lessons learned to apply
appropriate procedures to the
management of  exploratory

Remember / Factual
Understand / Conceptual
Apply / Procedural
Analyze / Procedural

testing process.

The student should be able to
establish a list of suitable work
products for analysis and
identification of test conditions
and procedures.

Remember / Factual
Understand / Conceptual

The student must be able to
identify the test coverage to be
achieved with test design
techniques in  line  with
established test conditions.

Apply / Conceptual
Analyze / Conceptual
Evaluate / Procedural

The student must be able to
define a suitable test process
according to the analysis
performed.

Apply / Procedural
Analyze / Procedural
Evaluate / Conceptual

Programmatic Content — PC 1.2

1.2 Implementation of Exploratory Test Procedures
1.2.1. Technique and best practices for writing test charts
1.2.2. Identification of initial test verification criteria
1.2.3. Exploration techniques

1.2.4. Test execution schedule development

Expected Results Learning Level

The student must understand and
apply best practices for writing
test charts.

Understand / Conceptual
Apply / Conceptual

VI. TEACHING PLAN

From the study program, this teaching plan was defined,
where the learning strategies were established, the
description of the dynamics of the activities (methodological
procedure) and the expected learning level for each of these
pedagogical techniques used (active methodologies). It is
emphasized that this teaching plan focuses on a student-
centered approach, where the teacher becomes a facilitator
of this process, as an alternative to breaking the paradigm of
traditional teaching with massive lectures.

In this context, some gamification elements were used as
a way of trying to provide an even greater interaction
between students. For this, it is possible to observe such
elements based on the Octalysis Framework established by
[39] and its purpose in the context of this work.

Mystery box: it gives awards (virtual symbols of
achievement) when the team or student achieves an
excellent performance in the delivery of the activity. The
criteria to be analyzed: i) organization of work, ii) expected
result (objective), iii) on-time delivery and iv) team
involvement (attitude).



Free lunch: it gives a prize (gift) to the team when they
reach the goals, as a way of rewarding the good result of the
work only at the end of each general teaching topic.

Achievement Symbol: these are virtual medals to be
awarded, when necessary, to the student or team.

Progress bar: throughout the study, the evolution
progress of the teams must be available to all participants,
specifically in relation to the project in question being
developed. Progress tracking should be viewed in the form
of a chart on the online wall or similar instrument.

Build from scratch: this element is inherent to activities
that need to be solved collaboratively and cooperatively by
each participant, who must contribute to achieving the
objective in common agreement between all.

Appointment dynamics: it is used to observe the
responsibility established for each team member. In this
case, each team must have a Kanban board that must be
visible only to the team members and teacher during the
entire execution of the developed project.

Group quests: the purpose of this element is for all team
members to contribute to achieving the objective of the
activity, working to meet the analysis criteria with an
average considered at least good.

Faced with the moment of a pandemic experienced,
where there are still uncertainties about when to return and
what are the appropriate procedures to be adopted to return
to face-to-face teaching, it was necessary to resort to a
remote teaching strategy. In this way, it was observed that
the form of teaching called Education Online (EOL),
disseminated by SBC, contains favorable and adherent
characteristics to the use of active methodologies through
digital technologies.

The EOL educational modality [40] is an alternative to
face-to-face classes where didactic-pedagogical practices are
supported by the use of many technologies in the networked
digital environment. It is a form of distance education, but
with characteristics and relationships of the teaching-
learning process different from conventional Distance
Education (DE). EOL is characterized by eight principles: a)
knowledge as an “open work”, b) content curation, synthesis
and study guides, c¢) Diverse computing environments, d)
networked, collaborative learning, ¢) conversation among
all, in interactivity, f) authorial activities inspired by
cyberculture practices, g) online teaching mediation for
collaboration and h) formative and collaborative evaluation,
based on competences.

A. Exploratory Test Analysis and Design

For this programmatic content, collaborative dialoged
expository classes will be taught, using the basic concepts of
testing levels, types and techniques to provide a holistic
view of Software Testing and allow students to perform a
more accurate identification of which moment in the
software life cycle the Exploratory Testing approach may be
applied. In addition, exploratory test management (SBTM)
techniques, test design techniques and work products will be
exposed for students to analyze and, consequently, support
them in the elaboration of charters aligned with the test
objective.

These techniques must be approached with fixation
exercises in a practical way, obeying the learning levels and
expected results for this topic. A practical activity of
deriving and prioritizing test conditions must be carried out,
identifying test data and procedures, having the need to
document them, including generating a matrix to maintain
the traceability of these generated work products. Regarding
prioritization, it can be performed using the COORG

technique (Acronym for: Classify, Order and Organize)
inherent to the Product Backlog Building (PBB) [41].

Beforehand, it is emphasized that these activities, as well
as for the other topics, must be taught synchronously, where
a practical project must also be produced putting into
practice the concepts taught and already briefly applied in
these synchronous classes. In this case, the practical project
must be applied asynchronously, however monitored by
instant conversation tools and support for establishing
responsibility on the Kanban board. Another point is that the
teacher will have the role of facilitator during the
synchronous moment, and will act as a client when it is time
to develop the practical project, establishing possible
objectives and goals for delivery, and this practical project
must be presented in the form of a flipped classroom at the
end of the study of a programmatic content.

Therefore, the structure of the teaching plan for this
programmatic content can be seen in Table I'V.

TABLE IV. STRUCTURE OF TEACHING PLAN FOR PC 1.1

Competences Software Tools

in Table II
Cl, C4, C5, | Google Meet, Email, App of Instant Chat,
Ce6,C7,Cl12 Trello, Jira, TestLink and Microsoft Office.

Dialogued Class with Collaborative Practice,
Active Problem Based Learning,
Technique Team Based Learning,
Flipped classroom.
Evaluation Fixation Exercises (practical activity),
Practical Project.

Reference Material

- More Agile Testing: Learning Joureys for the Whole and Team
(1]

- Session-Based Test Management [4]

- ISO/TEC/IEEE 29119-1 [11]

- Explore it!: Reduce Risk and Increase Confidence with
Exploratory Testing [19]

- TMM i in the Agile world [23]

- Foundation Level Syllabus [33]

- Product Backlog Building (PBB) [41]

- The Art of Software Testing [42]

- Exploratory Testing [43]

- TestLink User Manual [44]

B. Implementation of Exploratory Test Procedures

For this programmatic content, examples of charters will
be presented to support the elaboration of new charters
through the collaboration of all. This methodology can also
be applied to the activity of defining verification criteria for
initial tests on the main functionalities of the system (intake
testing). In this case, an activity divided by group should be
applied so that there can be a more direct collaboration and
interaction between the students.

The concepts and examples of exploration techniques are
important to correlate them with the pre-defined charters, as
well as to jointly analyze some relevant aspects in defining a
test schedule. The application of peer learning will involve
the knowledge seen in the two topics, being for the
elaboration of charters, where it must be established which
exploration techniques will be used, and to establish an
adequate execution schedule for these charters. It is
noteworthy that the practical project also occurs with the
same dynamics described for Exploratory Test Analysis and
Design.

Therefore, the structure of the teaching plan for this
programmatic content can be seen in Table V.



TABLE V. STRUCTURE OF TEACHING PLAN FOR PC 1.2

changes to improve this process, and make it more
appropriate or viable (considering good practices) to execute
it according to lessons learned.

TABLE VI. STRUCTURE OF TEACHING PLAN FOR PC 1.3

Competences Software Tools

in Table I1
C5, C7, C8, | Google Meet, Email App of Instant Chat,
C10, C12 Trello, Jira, TestLink, Microsoft Office.

Active Dialogued Class with Collaborative Practice,
Technique Team Based Learning,
Flipped classroom.
Evaluation Fixation Exercises (practical activity),
Practical Project.

Reference Material

- More Agile Testing: Learning Joureys for the Whole and Team
[1]

- Session-Based Test Management [4]

- ISO/IEC/IEEE 29119-1 [11]

- Explore it!: Reduce Risk and Increase Confidence with
Exploratory Testing [19]

- Exploratory Software Testing: Tips, Tricks, Tour, and
Techniques to Guide Test Design [21]

- TMMi in the Agile world [23]

- Foundation Level Syllabus [33]

- Product Backlog Building (PBB) [41]

- Exploratory Testing [43]

- TestLink User Manual [44]

Competences Software Tools

in Table II
C2, C8, (9, | Google Meet, Email App of Instant Chat,
C10, C11 Trello, Jira, TestLink, Microsoft Office.

Dialogued Class with Collaborative Practice,
Active Dojo Randori, Dojo Kake,
Technique Team Based Learning,
Flipped classroom.
Evaluation Fixation Exercises (practical activity),
Dojo Randori, Dojo Kake, Practical Project.

Reference Material

C. Exploratory Test Execution

For this programmatic content, some practical activities
will be applied to the exploratory test in a collaborative way,
being dynamized based on Dojo Randori and Dojo Kake
(LAB) [45]. It is noteworthy that at first there will be an
activity in the classroom and, later, a group activity, being
extraclass. In the classroom, there will be basic activities for
the assertive understanding of the use of exploration
techniques and in the extraclass activity it will involve the
use of these pre-established exploration techniques, the use
of a technique that allows the structuring of these activities
related to execution (example, SBTM), as well as running
the tests according to the schedule.

The dialogued classes with collaborative learning will
serve to pass on the good practices of writing a log or
incident record, incident analysis establishing possible
causes of incidents to eligible stakeholders, always
maintaining traceability between test conditions, test
procedures and test results. In addition, there must be group
practice so that students can practice even more all these
procedures together in extra-class moments (asynchronous
moment). It is noteworthy that the practical project also
occurs with the same dynamics described for Exploratory
Test Analysis and Design.

Therefore, the structure of the teaching plan for this
programmatic content can be seen in Table VI.

D. Test and Incident Process Management

This programmatic content should present good practices
in relation to the review of incident reports. Subsequently,
apply a paired incident log report review activity using the
reports generated when searching for incidents (Exploratory
Test Execution). In addition, practice how to write a test
summary report following good practices for effective
communication with stakeholders and understanding
possible appropriate incident remediation actions as well as
directing them to closure.

In addition, a dialogued class will also be applied with
collaborative practical activity in which opportunities for
improvement of some test process flows presented will be
discussed. In the second moment, in a synchronous class, the
groups should analyze their process together with the
procedures and activities performed so far to carry out

- Session-Based Test Management [4]

- Explore it!: Reduce Risk and Increase Confidence with
Exploratory Testing [19]

- Exploratory Software Testing: Tips, Tricks, Tour, and
Techniques to Guide Test Design [21]

- TMM i in the Agile world [23]

- Foundation Level Syllabus [33]

- Exploratory Testing [43]

- TestLink User Manual [44]

Therefore, the structure of the teaching plan for this
programmatic content can be seen in Table VII.

TABLE VII. STRUCTURE OF TEACHING PLAN FOR PC 1.4

Competences Software Tools

in Table 11
C2,C3,C12 Google Meet, Email App of Instant Chat,

Trello, Jira, TestLink, Microsoft Office.
Active Dialogued Class with Collaborative Practice,
Technique Team Based Learning,
Flipped classroom.
Evaluation Fixation Exercises (practical activity),
Practical Project.

Reference Material

- Session-Based Test Management [4]

- Explore it!: Reduce Risk and Increase Confidence with
Exploratory Testing [19]

- TMM i in the Agile world [23]

- Foundation Level Syllabus [33]

- TestLink User Manual [44]

As described for Exploratory Test Analysis and Design,
hands-on design will also occur in this programmatic
content with the same dynamics. It is worth mentioning that
the software tools, techniques and work products used were
listed based on the results of interviews with professionals
[35][46]. Finally, it is pointed out that there will be specific
feedback classes to collect qualitative data to be analyzed.
These moments are important to identify strengths,
weaknesses, opportunities and threats regarding software
tools, material resources and applied activities, as well as to
observe the satisfaction degree and self-evaluation of
students about the learning obtained.

VII. EVALUATION

For prior evaluation of the teaching plan, it was
submitted to Peer Review, in which the results are presented
in Table VIII. For this, an identifier (ID) was assigned to
each change request, a category to which the request belongs
is defined, the item to be adjusted is listed, as well as the




comment that justifies the reason for the adjustment and the
suggestion for improvement. In this case, the categories are:

* High Technician - TA, indicates that a problem
was found in an item that, if not changed, will compromise
the considerations,

* Low Technician - TB, indicates that a problem
was found in an item that it would be convenient to change,

* Editorial - E, indicates that a Portuguese error was
found or that the text could be improved,

*  Questioning - Q, indicates that there were doubts
about the content of the considerations,

* General - G, indicates that the comment is general
in terms of considerations.

TABLE VIII. ADJUSTMENT ITENS ON THE PEER REVIEW

ID | Category Item

1 E Teaching Strategy

Comment: There are words and grammatical and spelling errors
throughout the text.

Suggestion: Correct these errors and replace the words with more
formal texts.

2 | E | Gamification Elements

Comment: There is no contextualization about the use of the
active methodology of gamification.

Suggestion: Clearly present that gamification was selected as an
active methodology to use in the teaching strategy.

3 ] TB | Competences

Comment: Competences are comprehensive for any type of test.

Suggestion: Customize these competences for Exploratory
Testing.
4] 1B | Subject Planning

Comment: It was not specified the instantiation of the pre-
established syllabus for the referred subject, being adhering to the
TMMi.

Suggestion: Define that the programmatic contents was based on
the generated syllabus and maintained compliance with the TMMi.

5 ] TA | Selection of Pedagogical Practices

Comment: The selection of pedagogical practices with the use of
digital technology established for the teaching strategy was not
justified.

Suggestion: Justify the selection of practices also based on the
online teaching modality (EOL)

6 | E | Learning Level

Comment: There is no reference from where the Learning Level
elements were extracted.
Suggestion: Reference the Revised Bloom's Taxonomy.

7 | TB | Expected Results

Comment: The expected results described do not have an
objective detail.

Suggestion: Be more clear and objective in detailing the expected
results.

8 | TB | Learning Level versus Expected Results

Comment: Some learning levels are not in line with expected
results.

Suggestion: Review the alignment between learning levels and
expected results for each teaching unit.

9 | E | Software Tools

Comment: There is no reference from where the software tools for
use in the course were extracted.

Suggestion: Reference the work that supports the use of the
selected software tools.

All the adjustments requested by the experts were carried
out by the author of this study, a fact that allowed the
construction of a teaching plan that was strongly adherent to
the analyzed curricula and the practices of the industry, to be
achieved by the interviews with professionals and also by
following the structure of activities prescribed in the TMM.i.

VIII. CONCLUSION AND FUTURE WORK

The objective of this work was to present in detail the
planned teaching plan from a previously constructed
syllabus aimed at the practical application of structured
Exploratory Test Design and Execution activities in line
with the practices and goals prescribed in the TMMi. It is
noteworthy that this teaching plan involves the use of
techniques, software tools and work products commonly
used by professionals and prescribed in the specialized
literature, as well as the application of active pedagogical
practices as an alternative to the traditional teaching and
learning paradigm, even considering such an approach to
remote teaching based on a teaching modality (EOL) that
also proposes a more interactive, communicative and
engaging classroom dynamics through the use of digital
technologies, unlike the Distance Education modality.

It is emphasized that the adherence to the teaching plan
follows from the documents obtained as a basis for analysis
for mapping the assets, interviews with professionals in the
area, alignment with the TMMIi process area and the use of
active methodologies through digital technologies, being
evaluated its viability perennially by experts in the field,
both in research on software engineering education and
practical applications in the industry. However, it is intended
to apply it in an undergraduate computer science class to
validate its efficiency and effectiveness.

The validation of the approach is planned and it will be
possible to obtain the results from the application of this
teaching plan. Therefore, in the future, one should
qualitatively evaluate with pre-test and post-test, feedback
through SWOT (Strengths, Weaknesses, Opportunities,
Threats) analysis, evaluation of satisfaction with the
teaching approach, teamwork, communication, interaction,
organization, deliveries, objective achieved in the activities,
evaluation of activities regarding their alignment, coherence
and feasibility according to established learning levels. In
addition, evaluate quantitatively through the grades obtained
by students in activities that are entirely practical.

In this way, the importance of this study is emphasized
in providing the training of students at a basic level
sufficient for use in the industry, even breaking the
paradigm of understanding that exploratory testing is an
approach only to be free, as well as to support new studies in
the area.
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