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Abstract: Background: Exploratory testing has been used in the industry mainly to meet the needs of
agile testing processes. In an agile scenario, this testing approach is important to facilitate changes
constantly, which helps agile projects successfully. One of the ways to achieve success more easily
is if the test process follows guides that provide structured activities. Problem Analysis: In this
context, some studies have identified that software engineering does not understand how to apply
exploratory testing approaches in a systematic way, involving both design and execution activities.
After a review of the literature, it has been noticed that professionals performing exploratory testing
focus only on execution activities. In an academic scenario, the literature review has evidenced that
content about exploratory testing is not usually taught, and it is important that the professional
acquires enough basic skills to apply it through structured activities. Purpose: In this context, this
article presents an analysis and discussion of the results obtained in an experiment that applied a
syllabus proposed by the author, using active methodologies to teach the Exploratory Test Design and
Execution being applied and testing the approach in a systematic way. The teaching plan elaborated
upon and used as part of the syllabus is based on “learning by doing” in an interactive way, that
is, providing student-centered teaching in order to make such an approach more beneficial to the
student and, conditioning them to obtain the expected competences in the industry. Methods: The
strategies to carry out the research were as follows: (i) a review of the literature to identify gaps in the
knowledge about activities performed in the exploratory testing process; then, to elaborate upon the
syllabus proposed, (ii) equivalence mapping was carried out on some guides and curricula related to
the research theme; (iii) a survey was conducted to identify the tools, techniques, and work products
usually used by professionals in the industry; (iv) a teaching plan, based on active methodologies,
was produced using the proposed syllabus; (v) then, for the application of this teaching plan in
an experiment, a statistical analysis was performed using the two-tailed Student-t approach for
independent samples. Results: For this, both groups (experiment and control) were analyzed using
the two-tailed Student-t technique, and we noticed that significant statistical gains were reached with
the use of the proposed approach, compared to the control group. All participants reported that
some basic test concepts, if adopted in their courses, could contribute positively. The participation
made them (students) more active in the classes provided by active pedagogical practices, especially
when remote teaching was applied; this broke down barriers to communication with their classmates.
Conclusion: The results show that the use of active methodologies can provide benefits to the learning
of Exploratory Test Design and Execution systems as they allow the application of tools in line with
real scenarios observed in software development companies; these results also encourage new studies
to explore these ideas further.

Keywords: software testing; test design and execution; exploratory testing; active methodologies;
active interventions; pedagogical practice; syllabus; teaching plan; software engineering education
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1. Introduction

Agile software testing approaches have become protagonists in the industry, with
the Exploratory Testing method being considered the ideal approach to be applied in
projects that require little time to carry out the activity, as well projects in which managers
require rapid and continuous feedback from the testing process [1,2]. However, it is still
understood by many professionals as an informal approach, without any structured and
organized procedures, and thus many do not support the use of test process management
activities [3-6]. Testing in agile teams has been considered not only the functional aspect,
but several types of testing related to exploratory testing have been considered suitable to
complement other testing approaches; for example, exploratory testing is commonly used
to improve test case coverage with a predefined roadmap, and a system under test model
is used as a flow map for model-based automated testing [6].

It commonly requires the development of knowledge in the functions inherent to
agile teams, mainly in practicing the principles of agile testing, where it values effective
communication and cooperation between stakeholders. In addition, testers need to know
not only about testing or quality assurance, but also about other subjects, such as business
analysis and coding. These are also factors that encourage this study to use an educational
approach that promotes greater interaction among students. However, one of the great
challenges faced in Software Engineering education is meeting the requirements teaching
methods that make this process more effective; this teaching is not restricted to the academic
scenario, as large companies also face this problem when developing training for their
employees [7].

In the educational context, some forms of teaching that are prescribed in the literature
may be alternatives to the classical teaching method, and this work focuses on the use
of a set of active methodologies. According to Prince [8], active methodologies consist
of pedagogical practices that can stimulate greater interaction, communication, learning
involving more practical activities and motivation in students; that is, they are student-
centered teaching and learning approaches, where the teacher becomes one more facilitator
of this process. Some examples of active methodologies are gamification, project-based
learning, problem-based learning, flipped classroom, hybrid learning, etc.

In the State of Testing [1] report, it was emphasized that, in the next three years, a
professional with skills in the test planning and application of the exploratory testing
approach is expected; in other words, this knowledge has become recurrently requested
in the hiring of these quality assurance professionals in the software industry. With this,
it is emphasized that alternative pedagogical didactics make active methodologies an
interesting strategy to be used to assist a teaching and learning process on the exploratory
test approach, given its increasing importance in the software industry.

In this context, the main objective of this work is to present the learning gains from the
quantitative analysis of the results of the experiment when adopting active methodologies.
The formal experiment was carried out with students of an undergraduate course in
Computer Science, where two groups (experimental and control) used the same syllabus.
It is emphasized that the research is extensive, where a syllabus for teaching and learning
is proposed; there is a focus on carrying out, in a systematic way, the design and execution
of activities for exploratory software testing, using active pedagogical practices to provide
the student with a role in this learning process. For this, an elaborate teaching plan is an
instance of the syllabus, which is applied to statistically observe its effectiveness.

In the context of this research, it is understood that the syllabus is defined as a set
of interrelated activities, managed in an organized manner with the aim of achieving the
established objectives (competences) [9].

Therefore, the main research question (RQ) of this study is: Will students be able to
acquire more skills related to design and the execution of activities for exploratory software testing,
if the learning process involves active pedagogical practices instead of a traditional approach? This
question was established in an attempt to refute the following null hypothesis:



Educ. Sci. 2023, 13,115

3 0f27

HO . The use of the syllabus proposed for teaching and learning exploratory software testing does
not provide more basic skills to the student than traditional teaching

H1 . The teaching approach using the proposed syllabus allows the student to obtain more skills,
compared to the use of the traditional approach

This research question unfolds into four other questions and their corresponding
hypotheses, in order to analyze each teaching unit adopted in the syllabus individually.
Thus, it will allow this study to observe, in detail, the effectiveness of learning using the
proposed syllabus, compared with the results obtained from a traditional pedagogical
approach. It is noteworthy that this study is intended to improve learning in regard to
testing activities, as well as provide structured training that can be administered in the
academic or industrial scenario.

It is believed that engaging pedagogical practices that can better prepare students for
obtaining basic and sufficient skills for the job market should be adopted. Such a teaching
strategy should provide skills, based on practical activities aligned with what is used in the
industry, that allow the student to be able to carry out test design and execution activities
in the software industry [10]. According to Scalaton et al. [11], there is still a considerable
deficiency in the teaching of software testing, and instead an intensified focus on theory
is reported, which thus lacks practical activities. Therefore, the importance of having a
syllabus to help prepare for courses or training on the exploratory test approach is clear, in
order to prepare students in practice.

In addition to this introductory section, this article is structured as follows: Section 2
is the literature review, showing the mains concepts and related works, Section 3 presents
the research methodology, Section 4 presents the teaching of exploratory testing design
and execution to software engineers, involving mainly the proposed syllabus, Section 5
presents the teaching plan approach, Section 6 details the teaching plan evaluation strategy,
Section 7 details the quantitative analysis of all the data, Section 8 contains the results and
discussion of these data, Section 9 describes the threats to the viability of the studies and
Section 10 presents the conclusion and some future works.

2. Literature Review

The main concepts involved in this study are described in this section to understand
the essential details of the theme.

2.1. Exploratory Test Design and Execution

Exploratory Testing consists of the occurrence of learning, test design and test exe-
cution simultaneously, that is, tests are not defined in advance in a pre-established test
plan, but are dynamically designed, executed and modified where the effectiveness of
exploratory testing depends on the software engineer’s knowledge [9,12-14]. Recently,
Bach [3] defined exploratory testing as an approach to testing that consists of evaluating a
product by learning about it through exploration and experimentation, including, to some
degree, questioning, studying, modeling, observing, and inferring, among others.

Bach [3] emphasized that the exploratory test is a formal and structured approach,
exemplified by the analogy with the taxi ride case, where the customer does not request
the ride plan because he trusts the intentions and competence of the taxi drivers. The same
happens when using exploratory testing, where the tester trusts the exploitation strategies
implicitly adopted. It is noteworthy that some studies identified that testers implicitly
apply several exploration strategies, depending on their education level [15].

In this context, Hendrickson [16] describes the learning process for the exploratory
test approach being applied as Kolb’s Learning Cycle (as can be seen in Figure 1). In
this case, the tester holds experiences, then makes his inferences, and, therefore, abstracts
what he deems relevant and what he manages to perceive about the test object, thus
actively experimenting the object. Thus, Lorincz et al. [17] presented results that show that
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this Experimental Learning was essential to guide or organize the thinking of testers to
detect defects.

Experience

Observe
or
Reflect

Figure 1. Kolb Learning Cycle [16].

Therefore, it is noticed how the dynamics of the exploratory test process, involving
Kolb’s Experimental Learning, can be structured (as can be seen in Figure 2). This process
starts when the tester elaborates a charter, then it proceeds with the identification of
variables and useful heuristics for observing the data necessary to explore the object under
test (SUT). For this, the tester conducts an experiment on the SUT, also observing how
the object can be explored. Finally, the test manager, technical leader or another tester
can produce questions. In this case, they ask about the results, strategies used, and other
factors deemed relevant for the knowledge of stakeholders. This feedback moment is
important, as it allows them to identify the test coverage explored and the opportunities
for improvement.

/ Execute and Observe \

Identify interesting
variables and useful
heuristics

Start
with a Debrief
charter Conduct a mini
experiment

Observe
Carefully

G /

Figure 2. Cycle Structured exploratory testing process involving Kolb’s Experimental Learning [15].

In view of this, the possibility of using different exploration strategies (navigation
through the test object) to make the tests more efficient is also mentioned [13,16,18]. In
addition, Bach [19] reports that, because there are some deficiencies that directly affect the
management of test processes, techniques have emerged to mitigate them, for example,
Session-Based Test Management (SBTM), Thread-Based Test Management, Risk-Based
Test Management. In this case, these management techniques establish more systematic
procedures, in order to provide a structured approach to the exploratory testing process,
managing to address several factors relevant to the effectiveness of the testing process.
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2.2. Active Methodology

New pedagogical practices have often been caused by the insertion of computers and
Internet access as an educational resource. Consequently, the need to obtain teaching alter-
natives that provide better learning, generally using more engaging strategies compared
to traditional teaching, has arisen. The importance of pedagogical practices centered on
the student has been emerging in debates since the last century, from the movement called
“New School”. This idea is based on “learning by doing” in experiences with educational
potential, which is notable in active methodologies [20-22].

Active methodology is characterized by the interrelationship between education, so-
ciety, culture, politics and school, being developed through active and creative methods
centered on the learner’s activity in order to promote learning [23,24]. It is a way of con-
ceiving education that presupposes the activity, where the student becomes the protagonist
and takes responsibility for his learning process, with the teacher only being a guide in this
process [20-22].

When planning to use active methodologies, some questions permeate the under-
standing of the real role of the teacher. For this, Prensky [25] exposes aspects that better
characterize the role of the teacher and the student in an active pedagogy for digital learn-
ers (see Table 1). Finally, it is mentioned that there are numerous techniques or methods
associated with active methodology. Such methods are as follows: a flipped classroom,
project-based learning, problem-based learning, a shared classroom, blended learning,
game-based learning (gamification) and so on. It is emphasized that the teacher has the au-
tonomy to adapt or create methods, while respecting the principles of active methodology.

Table 1. Comparison of roles between Teacher and Student in active methodologies.

Teacher Student
Does not speak, ask Does not take notes, look for, find
Suggests topics and tools Searches and finds solutions
Learns technology with students Learns about quality and rigor with the teacher

Evaluates student solutions and answers,
examining quality and
accuracy, contextualization

Refines and improves answers, adding rigor,
context, quality

2.3. Related Works

In the work of Portela [26], an iterative model for the teaching of Software Engineer-
ing (SE) is presented, based on student-focused approaches and practices present in the
software industry; this presents significant results that encourage further studies in this
context. However, this author focused on the comprehensive teaching of the Software
Engineering subject, adapting training practices adopted by the software industry to the
academic context, in order for students to develop technical skills in SE at the application
level. The author builds the proposed framework based on the analysis of the ACM/IEEE
curriculum for computing, the CMMI-DEV quality model and a survey applied to students
and teachers.

The work of Furtado and Oliveira [27] presents an approach to the teaching of statis-
tical process control in higher computing courses. It is noteworthy that the author uses
the teaching framework proposed by Portela [26] as the basis of his teaching approach,
and he also achieves excellent results in the use of active methodologies directed to the
specific teaching of statistical process control. The aforementioned author proposes his
teaching approach based on the analysis of curricular guidelines for computing, SBC and
ACM/IEEE curricula, quality models, as well as a survey applied to teachers, students and
software engineers.

The work of Elgrably and Oliveira [28] presents the use of active methodologies
aimed at the comprehensive teaching of the subject of software testing, where the applied
teaching plan is based on the proposed curriculum from the analysis of national curriculum
guidelines, ACM/IEEE and SBC curricula. As with the other studies mentioned above, the
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results obtained were quite relevant and encourage the use of pedagogical practices that
make the student the center of the teaching-learning process in the context of the Software
Testing subject.

Cheiran et al. [29] presented an experience report that compares teaching in the
traditional style with the student-centered teaching approach being carried out in the
Software Engineering course at the Federal University of Pampa. For this student-centered
teaching, the Problem-Based Learning methodology and gamification elements were used;
however, in both cases, the approach focused on the teaching of Software Testing topics,
and the subject also included requirements engineering, verification and validation topics.
It is noteworthy that the referred approach was based on the above-mentioned course
syllabus, and the results that were achieved show an effectiveness of teaching using active
learning methods; this is because they favored an encouraging environment, according to
students’ reports and teachers’ perceptions.

Lorincz et al. [17] also presented an experience report on teaching software testing,
based on gamification. Among the testing approaches, it is emphasized that the main
concepts are taught using different active techniques. Thus, the agile testing concepts and
session-based test management are learned through Lego-based contexts. For the teaching
of exploratory testing through data-based games, and for the teaching of exploratory
testing, the Kolb’s experimental learning cycle structure was adopted. As a result, there
are reports that the use of games motivated the students to participate more intensely in
the activities, in which the reflection of their actions allowed their self-discovery about the
concepts encapsulated in the games. In view of the results, it is essentially emphasized that
most students agreed that Experimental Learning created a better understanding of how to
conduct exploratory tests.

Afshar [30] explores effective approaches for creating a hands-on activity-based cur-
riculum for Software Engineering (SE) so that students can develop strong fundamental SE
knowledge and practical skills through the use of hybrid-PBL and integrated learning. The
results of the study indicate that hybrid PBL is a practical pedagogical approach that en-
ables students to acquire best practices. Meanwhile, the application of continuous projects
for software development in integrated learning satisfied the students’ expectations, as they
were able to experience circumstances close to reality, including the difficulties observed
in the work products generated in this project. Therefore, it is observed that the study
presents results for software engineering in general and realizes the focus on software
development. Thus, this present work is distinguished by proposing a practical approach
using agile methodologies, but aiming at the education of activities essential to the quality
of the software and the development process.

In Dorodchi et al. [7], a curriculum for the computer science course is proposed, which
is intended for students who have completed the introductory course in programming
and data structure. The focus of the course is to provide basic knowledge about software
engineering as a software development methodology in a real scenario. As in the work
of Afshar [30], the focus is on software development. Thus, it is emphasized that this
present work is different because it involves an approach with structured procedures that
encompass several active methodologies, including a continuous project.

Fraser et al. [31] conducted a study in which they integrated Code Defenders as a
one-semester activity in an undergraduate university course in software testing. Weekly
Code Defenders sessions were applied, addressing challenges on how to select the suitable
Code for testing, manage games and evaluate performance. The results of this integration
of Code Defenders satisfied the students, providing greater engagement in carrying out the
tests; this approach was evaluated as being positive for influencing the constant evolution
of the students throughout the semester. It is noted that the present study differs in that
it uses several active methodologies and provides targeted learning on Exploratory Test
Design and Execution; meanwhile, Fraser et al. [31] focus more on preparing unit-level
tests to be inserted during software development activities.
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In view of the studies presented, this work has similarities, mainly in its use in
the analysis of national and international training curricula, mentioned in the first three
aforementioned works [26-28]. Regarding these three works, it is mentioned that they
served as a basis for structuring and defining the teaching program, in line with industry
practices; this differs from other works by focusing on the teaching of exploratory testing
being applied systematically, according to the structure of the specific objectives and
practices prescribed in the TMMi [32,33]. Furthermore, it is mentioned that the work of
Lorincz et al. [17] was important to have as a basis in the use of the Experimental Learning
method, proposed by Kolb.

3. Research Methodology

To achieve the objectives of this study, the methodological procedures were established,
as shown in Figure 3.

Literature Asset Perceptlons
Review Mapping Professmnals
e Application
Construction olf)?rgg::tﬁ?: of the
of Syllabus 9 Teaching
Plan Plan

Figure 3. Study Execution Steps.

3.1. Overview Related to the Literature Specialized

A literature review was conducted evaluating the existence of evidence to obtain
a holistic view of the strengths and gaps on the applicability of the exploratory testing
approach, in the context of the software industry. This research was restricted to studies
published between 01/2001 and 04/2020, as this is understood as the first time that the
term “Exploratory Testing” has been consolidated [34]. In view of the 20 studies included in
the analysis, it was possible to identify a great potential for studying Software Engineering
education, with one of the most specific gaps being the non-performance of the structured
Exploratory Test Design and Execution activities [35].

3.2. Analysis of Assets from Curricula and Guide for Software Testing

The organizations and their necessary inputs to be analyzed were established. The fol-
lowing were thus identified: (i) TMMi, for providing a guide that describes activities in the
Test Design and Execution area, (ii) SBC, for providing curricular guidelines in computing,
specifically in the Brazilian context, and (iii) ACM/IEEE, as it also makes available subjects
related to computing education at an international level, using both inputs: “Computer
Science Curricula 2013” and “Computing Curricula 2020” from ACM/IEEE.

This analysis was based on the specific goals and practices described in the TMMi,
being collected as the reference between the assets in the adopted documents, and gener-
ating an equivalence structure with the corresponding justifications for each relationship.
As a result of this mapping, 13 assets and 110 asset items for Test Design and Execution
were identified, interrelated at two levels: (i) Training axes (RF-SBC) and knowledge areas
(ACM/IEEE), related to the Test Design and Execution process area, (ii) Derived Content
and Competences (REF-SBC), as well as topics and learning outcomes (ACM/IEEE), which
relate to the specific goals, specific practices and sub-practices of the TMMi process area,
which, in this case, is the focus of this work [36].

3.3. Perceptions of Professionals Regarding Support Resources for Exploratory Testing

The participants were professionals in software testing accredited by a national (Brazil-
ian) and/or international institution. The participants could also be professionals who had
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obtained a professional certification in TMMi, with experience in test process improvement.
Thus, it is possible to obtain relevant answers to the construction of a teaching plan directed
to the Exploratory Test Design and Execution, in order to provide practical content closer
to reality [30]. The questions were defined based on the Test Design and Execution process
area prescribed in the TMMIi to keep the alignment. Further information regarding which
questions, the procedures, the method and the planning that were applied in this interview
can be observed in the article already published [37].

The results of the interviews were as follows: (i) identification of software tools,
techniques and work products for Exploratory Test Design, and (ii) the identification of
software tools, techniques and work products for Exploratory Test Execution. In the context
of item “i”, it is noteworthy that the risk analysis is one of the most cited activities in relation
to support in the identification and prioritization of test conditions; it is also included as
being useful as a complement to the Exploratory Test. Regarding work products, the test
plan and the results of previous test runs were most used by professionals. In the context
of item “ii”, it is noteworthy that the Exploratory Testing with manual and automated
strategy was usually used as complementary, while the Incident Report and the Matrix
were the work products commonly used by professionals [37].

3.4. Construction of Syllabus

The general competences were defined as being established from the mapping and as
based on the competences present in the curricula of the SBC and ACM/IEEE. Subsequently,
there was the construction of the syllabus, where there was the organization, structuring
and documental record of the teaching and learning approach.

As a result, 12 competences were identified expected from Exploratory Test Design
and Execution, making it possible to establish correlated subjects organized into four
teaching units that comprise: (i) Exploratory test analysis and design, (ii) Implementation
of exploratory testing procedures, (iii) Exploratory test execution, (iv) Test and incident
process management. Therefore, some structural elements for each teaching unit of syllabus
were defined: prerequisites, guiding questions, programmatic contents, expected results
and learning levels, as well as containing the teaching strategy that corresponds to the
approach to be used in the teaching plan. All of these were adherent to the learning levels
established in the teaching unit [38]. For this, the competences are defined as follows:

1.  Employ methodologies that aim to ensure quality criteria throughout the Exploratory
Test Design and Execution step for a computational solution,

2. Apply software maintenance, evolution techniques and procedures using the ex-
ploratory test approach,

3. Manage the exploratory test approach involving basic management aspects (scope,
time, quality, communication, risks, people, integration, stakeholders and busi-
ness value),

4. Apply techniques for structuring application domain characteristics in the exploratory
test approach,

5. 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,

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

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

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

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

10. Perform integrative testing and analysis of software components using exploratory
test in collaboration with customers,
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11.  Conduct exploratory testing using appropriate testing tools, focused on the desirable
quality attributes specified by the quality assurance team and the customer,

12.  Plan and drive the process for designing test cases (charters) for an organization using
the exploratory test approach.

3.5. Definition of Teaching Plan

From the syllabus, it was possible to generate this teaching plan containing established
learning strategies, a description of the dynamics of activities (methodological procedure)
and the expected learning level for each of these pedagogical techniques used (active
methodologies). This teaching plan focus involves a student-centered approach, as an
alternative to breaking the paradigm of traditional teaching with massive lectures. the
identification of possible syllabus contents in the Syllabus Foundation Level, provided by
the International Software Testing Qualifications Board (ISTQB), is also noteworthy. This
analysis was relevant because it is a study guide commonly used by people seeking the
aforementioned certification in software testing [39].

3.6. Application of the Teaching Plan

The experiment was carried out in the first and second semesters of 2021, with the
participation of 24 students, initially applied to the control group and, therefore, to the
experimental group. Both groups were obtained from 12 volunteer participating students,
in order to maintain the most effective comparative analysis by having groups with the
same amount of samples, as recommended by [40-42]. Both groups were applied in
the subject of software quality, and the control group was conducted by the traditional
teaching approach, and the experimental group was conducted from the approach of active
methodologies. The study was carried out remotely, due to restrictions arising from the
COVID-19 pandemic, where meetings were held twice a week and lasted approximately
2 class hours each meeting. Thus, the content covered in both groups was divided into
4 parts, entitled Evaluation 1, 2, 3 and 4 for the control group, and Teaching Unit [, II, IIl and
IV for the experimental group. Although 24 students actively participated and the results
indicated learning gains with the proposed approach, this still cannot be generalized, so
new studies must applied to observe this method’s effectiveness.

4. Teaching Exploratory Testing Design and Execution to Software Engineers

As already mentioned in Section 3.4, the 12 basic skills that are needed for a software
engineer to work in Exploratory Testing Design and Execution were defined based on the
asset mapping. Thus, it is possible see further details about the syllabus, as follows.

Subject, Syllabus and Goals

Because these skills had been established, it was possible to set out a syllabus that
could cover the whole of this background. Thus, the subject-area was divided into four
units, as can be seen in Table 2.

The expected level of cognitive ability for each unit and its content was defined
by means of terminology, based on Bloom'’s Revised taxonomy [43,44]. This consists of
two dimensions: knowledge and the cognitive process. The possible capabilities of the
knowledge dimension and associated verbs are as follows: (i) Factual Knowledge, where
the student must be able to master the basic content so that he can perform tasks and
solve problems, (ii) Conceptual Knowledge, where the student must be able to understand
the interrelationship of the basic elements in a more elaborate context, so the simple
elements need to be connected for the formation of knowledge, (iii) Procedural Knowledge,
where the student must be able to involve the knowledge of achieving an objective using
methods, criteria, algorithms and techniques, thus stimulating the abstract knowledge, and
(iv) Metacognitive Knowledge, where the student must be aware of the breadth and depth
of the knowledge acquired, so that there is a relationship with the knowledge previously
assimilated to solve a given problem.
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Table 2. Syllabus Units.

Unit

Goal Related Basic Skill

Exploratory test analysis and design

Teaching of design concepts and of analysis testing
techniques for software design, for the
identification and prioritization of test conditions
and test data, as well as to present important
factors in the definition of an exploratory test
process strategy

1,4,5,6,7,12

Implementation of exploratory testing exploration strategies, preparation procedures for
procedures management initial tests (intake test) and drawing up a test

Teaching how to elaborate charters, possible
5,7,8,10,12

execution schedule

Teaching the exploratory test in practice in a
systematic way using structuring techniques, also

Exploratory test execution including the strategies of exploration. In addition, 2,8,9,10,11

teaching how to write the test reports and apply an
analysis of cause

Teaching alternatives to maintain the incident

Test and incident process management and important analysis after 2,3,12

recording the incidents

In relation to the cognitive process dimension, there are the associated verbs: (i) create—
produce a new or original work, (ii) evaluate—justify a stand or decision, (iii) analyze—draw con-
nections among ideas, (iv) apply—use information in new situations, (v) understand—explain
ideas or concepts, and (vi) remember—recall facts and basic concepts [43]. Appendix A
provides a summary of the syllabus, as well as the expected results and the expected
learning levels for each topic. The syllabus, in detail, can be consulted in [38].

5. The Teaching Plan Approach

The academic and professional community joins efforts to develop study programs
that involve many topics related to computing; these may be sufficient for promoting
the skills and abilities of students in order to prepare them for the job market. For this,
ACMY/IEEE and SBC are essential for presenting structured curriculum guidelines that
seek to develop the cognitive potential of graduates, in line with the theory of the area
and practical knowledge in the industry. In addition, it is strongly suggested that the
adoption of pedagogical practices provides more student engagement than traditional
teaching [10,45,46]. In this context, this present study identified and applied some active
pedagogical practices to support the teaching and learning of Exploratory Test Design and
Execution. These active interventions were as follows: dialogued classes with collabora-
tive learning, problem-based learning, the flipped classroom, team-based learning, and
gamification [47-49].

The teaching plan was defined to cover a total of 60 h, divided into 30 synchronous
meetings and asynchronously with practical application projects; it was necessary, at
times, to monitor the development of the in order to understand and assist the team and
streamline the process through mentoring. Faced with the pandemic, and the fact that
there are still uncertainties about when to return to face-to-face teaching and what the
appropriate procedures to be adopted to return are, 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 for the
use of active methodologies through digital technologies.

The EOL educational modality 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 rela-
tionships in the teaching—learning process that are different from conventional Distance
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Education (DE) [50]. This EOL is characterized by eight principles according to and defined
by Pimentel and Carvalho [50]:

e Knowledge as an “open work”: Knowledge can be re-signified and co-created, being
built without limits in a collaborative way;

e  Content curation, synthesis and study guides: It describes the act of finding, grouping,
organizing or sharing the best and most relevant content on a specific subject;

e  Diverse computing environments: Different environments or platforms for interaction
between all must be adopted (two-way communication between all);

e Networked, collaborative learning: It is about building knowledge collaboratively,
and, in a group, valuing the knowledge of each student in the class with the mediation
of a good teacher. In this conception, networked computers are used as a means of
social interaction, not as machines for teaching, but rather as connecting people;

e  Among all, in interactivity: The exposition of contents by the “dictation of the master”,
in which the students can only speak occasionally to clear up a doubt about what was
exposed, does not characterize a genuine conversation;

e  Authorial activities inspired by cyberculture practices: Practical and authorial ac-
tivities give the student the opportunity to apply and transform the knowledge of
the discipline, giving new meaning to them. Some examples are active methodolo-
gies, project-based pedagogy, the flipped classroom, the interactive classroom, and
experiential learning;

e  Online teaching mediation for collaboration: There is an active mediation aimed
at promoting collaboration, in which the teacher is responsible for conducing the
dynamics in the group;

e Formative and collaborative evaluation, based on competences: The traces that stu-
dents leave in digital environments when participating in learning situations designed
by the teacher make it possible to carry out an assessment based on competences, valu-
ing not only knowledge, but also skills and attitudes. Online assessment is idealized
as a collective action by everyone in the class.

In this case, the teaching plan was conducted based on this EOL, that is, the virtual
environment was established following some of these principles related to the context of
using educational digital technologies in a remote scenario.

5.1. Exploratory Test Analysis and Design

For this unit, the basic concepts of testing levels, types and techniques are presented to
provide a holistic view of Software Testing and allow students to more accurately identify
at which point in the software lifecycle the Exploratory Testing approach can be applied.
In addition, exploratory test management techniques, test design techniques and work
products are exposed for students to analyze and, consequently, support them in the
elaboration of charters aligned with the test objective. These techniques are approached
with fixation exercises in a practical way, obeying the learning levels and expected results
for this topic.

5.2. Implementation of Exploratory Test Procedures

Examples of charters are presented to support the elaboration of new charters for the
definition of verification criteria for initial tests in main features of the system, through
the collaboration of all. In addition, concepts and examples of exploration techniques
are presented for students to correlate with charters. In this case, an activity divided by
group is applied in order to encourage more direct collaboration and interaction between
the students.

5.3. Exploratory Test Execution

Some practical activities are used to apply the exploratory test in a collaborative way,
being dynamized based on Dojo Randori and Dojo Kake (LAB). In addition, the good
practices of writing a log or recording an incident, and analyzing the incident in order to
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establish the possible cause of the incidents for eligible stakeholders, are presented; the
traceability between test conditions, test procedures and test results are always maintained.

5.4. Test and Incident Process Management

In this teaching unit, good practices are presented in relation to the review of incident
reports. Subsequently, a paired activity of reviewing the incident log report is applied
using the reports generated when searching for incidents (Exploratory Test Execution). In
addition, practicing how to write a test summary report follows good practices for effective
communication with stakeholders and understanding the possible appropriate incident
remediation actions, as well as directing them to closure. Finally, the lessons learned and
the opportunities for the improvement of the applied test process are discussed.

It is noteworthy that, for this experiment, the following tools were used as support:
Google Meet, e-mail, Instant chat app, Trello, Jira, TestLink, and Microsoft Office.

6. Teaching Plan Evaluation Strategy

To better observe the degree of learning (effectiveness) between the control and ex-
perimental groups, four research questions and hypotheses were established, based on
the Revised Bloom taxonomy [43,44]. In this context, the results of the scores obtained
by the students in the activities related to each teaching unit were used, also considering
the interrelationship with the research question submitted for analysis. Thus, the research
questions and evaluation instruments involved in the exploratory test teaching units are
defined below.

1.  For Teaching Unit I, the following question and the corresponding hypothesis
were defined:

Experiment Research Question 1 (ERQ1): What is the learning effectiveness of the
Exploratory Test Analysis and Design unit when adopting the proposed approach, versus
the classic approach, at the Evaluate level?

Hypothesis HO1: There will be no difference in effectiveness between the Experimental and Control
groups at the Evaluate level.

For this, the variables used were as follows: EF1—Fixation Exercise 1, EF2—Fixation
Exercise 2, EF3—Fixation Exercise 3, EF4—Fixation Exercise 4, EF5—Fixation Exercise 5,
PP1—Practical Project—Part 1, and PT1—Theoretical Test 1. Thus, the instruments used to
support were as follows: Fixation Exercises, the Practical Project and the Theoretical Test.

To validate this question, some formulations were necessary; thus, Ma > Mb, are
the groups, where ‘a’ is the Experimental Group and ‘b’ is Control Group. Thus, the
experimental group scores are defined as follows:

Nai  ((EFL*1) + (EF2+1) + (EF3+1) + (EF4+ 1) + (EF5+ 1) + (PP1%2))
- . ,

where ‘i’ is a student of Group ‘a’.

Thus, the Control Group scores are defined: Nb; = PT1, where ‘i’ is a student of
Group ‘b’.

For this, it was also necessary to calculate the average of the scores of students in
Group ‘a’ and Group ‘b’, as follows:

;‘/n:l + Nal
m 7

Mai =

where ‘m’ is the number of students in Group ‘a’.

Mpi — Liz1+ Nbi
m 7
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where ‘m’” is the number of students in Group ‘b’.
2. In Teaching Unit II, the question and the corresponding hypothesis were as follows:

Experiment Research Question 2 (ERQ2): What is the learning effectiveness of the
implementation of the Exploratory Test Procedures unit when adopting the proposed
approach, versus the classic approach, at the Create level?

Hypothesis H02: There will be no difference between the effectiveness of the unit in the Experi-
mental and Control groups at the Create level.

The variables identified were as follows: EF6—Fixation Exercise 6, EF7—Fixation
Exercise 7, EF8—Fixation Exercise 8, EF9—Fixation Exercise 9, PP2—Practical Project—Part
2, and PT2—Theoretical Test 2. Then, the instruments defined were the same as those
already listed for teaching unit I. Thus, the formulations of the groups were the same as
those listed for teaching unit I, with the definitions of the scores also the same as those
defined in teaching unit I. Thus, the Experimental Group scores are defined as follows:

Naj — (EF6%1) + (EF7+1) + (EF8x1) + (EF9+ 1) + (PP2x2))
ai = 5 ,

where ‘i’ is a student of Group ‘a’.
Then, the Control Group scores are: Nb; = PT2, where ‘i’ is a student from Group ‘b’.
For this, the average of the scores for students in Group ‘a” and Group ‘b’ is the same
as those defined in teaching unit I.

(1) The question and hypothesis defined in Teaching Unit III were as follows:

Experiment Research Question 3 (ERQ3): What is the learning effectiveness of the
Exploratory Test Execution unit when taking the proposed approach, versus the classic
approach, at the Create level?

Hypothesis H03: There will be no difference between the effectiveness of the unit in the Experi-
mental and Control groups at the Create level.

The variables established were as follows: DR—Fixation Exercise 10 (Dojo Randori),
DK—TFixation Exercise 11 (Dojo Kake), EF12—Fixation Exercise 12, PP3—Practical Project—
Part 3, and PT3—Theoretical Test 3. Thus, the instruments were the same as those defined
in teaching unit I and II, including Dojo practice.

The formulations of the Groups and the definitions of the scores were also the same as
those for teaching unit I and II. Thus, the Experimental Group scores are defined as follows:

((DR#1.5) + (DK#1.5) + (EF12%1) 4 (PP3 %2))

Nai = ,
ai 5

where ‘i’ is a student of Group ‘a’.

The Control Group scores are then defined as follows: Nb; = PT3, where ‘i’ is a student
of Group ‘b’

Then, the same average of the scores for students in Group ‘a” and Group ‘b’ were
used, the same as those already defined in teaching unit I and II.

(2) Regarding Teaching Unit IV, the question and the corresponding hypothesis were
as follows:

Experiment Research Question 4 (ERQ4): What is the learning effectiveness of the
Test and Incident Process Management unit when adopting the proposed approach, versus
the classical approach, at the Evaluate level?

Hypothesis H04: There will be no difference in effectiveness between the Experimental and Control
groups at the Evaluate level.
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For this, the following variables were defined: EF13—Fixation Exercise 13, EF14—
Fixation Exercise 14, EF15—Fixation Exercise 15, PP4—Practical Project—Part 4, and PT4—
Theoretical Test 4. The instruments were considered the same as those already listed in
teaching unit I and II. The formulations of the Groups and the definitions of the scores
were the same as those already listed in teaching unit I and II. Thus, the Experimental
Group scores were defined as follows:

Naj — (EF13%1) + (EF14%1) + (EFI5+1) + (PP4+2))
- . )

where ‘i’ is a student of Group ‘a’.

Thus, the Control Group scores are as follows: Nb; = PT4, where ‘i’ is a student of
Group ‘b’.

The average of the scores of students in Group ‘a’ and Group ‘b’ was defined the same
as in teaching unit I and II.

In view of this, the schedule for applying the study to the experimental and control
groups is presented. Table 3 presents the number of classes, subjects and pedagogical

techniques involved.

Table 3. Experiment schedule.

Day

Control Group

Experimental Group

Inaugural Class

Presentation of the Teaching Plan.
Availability of support material.

Presentation of the Teaching Plan.
Availability of support material.

Class 2

Applying pre-test

Applying pre-test

Classes 3 to 10

Classical lectures: Teaching Unit I—Exploratory
Test Analysis and Design.

Test: Evaluation activity with multiple choice and
discursive questions about the content taught in
the teaching unit.

Dialogued classes: Teaching Unit [I—Exploratory
Test Analysis and Design.

Dialogued classes with collaborative learning,
Problem-Based Learning, Team-Based Learning,
Flipped Classroom and Gamification.

Classes 11 to 16

Classical lectures: Teaching Unit
II—Implementation of Exploratory

Test Procedures:

Test: Evaluation activity with multiple choice and
discursive questions about the content taught in
the teaching unit.

Dialogued classes: about Teaching Unit
II—Implementation of Exploratory

Test Procedures:

The same active methodologies listed for Teaching
Unit 1.

Classes 17 to 22

Classical lectures: Teaching Unit III -Exploratory
Test Execution:

Test: Evaluation activity with multiple choice and
discursive questions about the content taught in
the teaching unit.

Dialogued classes: about Teaching Unit
III—Exploratory Test Execution:

The same active methodologies listed for Teaching
Unit I and II, also including Dojo Randori and
Dojo Kake.

Classical lectures: Teaching Unit IV—Test and
Incident Process Management: With programmatic
contents 4.1 and 4.2.

Dialogued classes: about Teaching Unit IV—Test
and Incident Process Management:

Classes 23 to 28 Test: Evaluation activity with multiple choice and  The same active methodologies listed for Teaching
discursive questions about the content taught in Unit I and IL
the teaching unit.
Class 29 Applying pos-test Applying pos-test
. . . . Content perception questionnaire according to
Class 30 Content perception questionnaire accordmg to Bloom’s taxonomy, revised to the unit.

Bloom’s taxonomy, revised to the unit

Feedback Questionnaire.

Each active intervention was applied as described below:

e Dialogued classes with collaborative learning: at the end of unit I, a multiple-choice
exercise list was applied with subjects present in the content of the teaching unit, based
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on the ISTQB and TMMI certification tests; there were also subjective questions with
a moment of discussion about the students” answers and practical activities on the
content taught. For other units, subjective questions were asked about the subjects
present in the content of the teaching unit, with moments of discussion about the
answer and practical activities about the content taught;

e  Problem-Based Learning and Team-Based Learning: a practical project was carried
out in parallel to the synchronous moments, with the development of the first part of
the practical project by teams; at the end of each unit, this was presented in the form
of a flipped classroom,

e Flipped Classroom: in the presentation of the practical project at the end of each
unit, the students were required to explain the developed product and justify their
decisions based on the knowledge they had acquired in synchronous moments or by
autonomous investigation in the specialized literature;

e  Gamification: some game elements were used to guide the scoring of group tasks and
course activities during the experiment,

e  Dojo Randori: Challenge of running an exploratory test in a less structured way where
some software commonly used by students was used, for example, the institution’s
own enrollment management software. All the students present participated as a
pilot, co-pilot or as the audience. The grade was awarded to all participating students,
taking into account the number of complete and correct challenges;

e Dojo Kake: In this practice, multiple teams worked in parallel to carry out the activity
in a more systematic way, in this case, performing the Exploratory Test following the
guidelines of the SBTM technique and exploration techniques present in the literature.
Each team received the same charter and web system as a mission to detect defects.
At that moment, the teachers helped, with mentoring on the concepts learned in that
teaching unit. Each team received a grade considering the number of defects, and
considering the exploitation techniques and strategy they adopted.

7. Data Analysis

This section presents the data obtained from the execution of the experiment, and the
corresponding analysis for each research question, RQ1, RQ2, RQ3 and RQ4, defined for
this study:.

7.1. Analysis of Experiment Research Question 1

In ERQ1, “What is the learning effectiveness of the Exploratory Test Analysis and
Design unit when the proposed approach is adopted in relation to the traditional approach
at the Evaluate level?”, aimed to refute the HO1 “There will be no difference in effectiveness
between Experimental and Control groups at the Evaluate level”, by comparing the two
groups (experimental and control) in Teaching Unit I. This analysis considers the normality
of the data, in which its objective was to evaluate the difference between both populations
within the conditions of varied treatments and two samples (treatment).

The normality of the data was verified by observing the variance between the two
populations using the Shapiro-Wilk test. As for its variance, an alternative pattern string
(two sided) with a 95% confidence interval was used to calculate the referred variation
between the two populations. For this, it was noted that the value obtained for p in the F
test was 0.4836, being higher than the significance level of 0.05; this meant there was no
significant significance between the observed variances. Therefore, the hypothesis test was
performed using Student-t for two equal means and unknown variances, where the p-value
is approximately 0.000002622 (2.622 x 10~°) < 0.05.

This demonstrated a positive effect, representing a possible learning gain in the use
of active methodologies in this experimental group, when compared to the control group.
Thus, this level of significance observed from the tests provided statistical evidence for H01
to be rejected. Table 4 presents a summary of the data obtained for ERQ1.
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Table 4. Comparison of learning effectiveness between the Experimental Group and Control Group
for teaching unit I.

Experimental Group Control Group
Variables Evaluation Evaluation

Sample Size 12 12
Minimum 7 3
Maximum 9.5 6
Sum of Points 100 59
Median 8.5 5
First Quartile 7.75 4
Third Quartile 8.87 6

Average 8.333333 4.916667

Standard Deviation 0.9374369 1.1645002

7.2. Analysis of Experiment Research Question 2

In ERQ2, “What is the learning effectiveness of the Implementation of Exploratory
Test Procedures unit when adopting the proposed approach in relation to the traditional
approach at the Create level?”, aimed to refute H02, “There will be no difference in effec-
tiveness between Experimental and Control groups at the Create level”, by comparing the
two groups (experimental and control) in Teaching Unit II. It is noteworthy that the data
were analyzed in the same way as described for ERQ1.

In this context, Shapiro-Wilk test was used to verify the normality of the data observ-
ing both populations (Group ‘a” and Group ‘b’). Thus, it was used two sided with a 95%
confidence interval, in order to calculate the referred variation between these populations.
In this case, the value for p in the F test was 0.483, being higher than the significance level
of 0.05. This meant that there was no significance between the analyzed variances. There-
fore, the Student-t for two equal means and unknown variances was used to analyze the
hypothesis test, with a p-value of approximately 0.000002654 (2.654 x 10~°) < 0.05 obtained.

This demonstrates a positive effect, representing a possible learning gain in the use
of active methodologies in this experimental group, when compared to the control group.
Thus, this level of significance observed from the tests provided statistical evidence for H02
to be rejected. Table 5 presents a summary of the data obtained for ERQ2.

Table 5. Comparison of learning effectiveness between the Experimental Group and Control Group
for teaching unit II.

Experimental Group Control Group
Variables Evaluation Evaluation
Sample Size 12 12
Minimum 7.5 4
Maximum 10
Sum of Points 108.5 75
Median 94 6
First Quartile 8.375 6
Third Quartile 10 7
Average 9.041667 6.250000

Standard Deviation 0.9159777 1.1381804
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7.3. Analysis of Experiment Research Question 3

In ERQ3, “What is the learning effectiveness of the Exploratory Test Execution unit
when the proposed approach is adopted in relation to the traditional approach at the Create
level?”, aimed to refute the HO3, “There will be no difference in effectiveness between
the Experimental and Control groups at the Create level”, by comparing the two groups
(experimental and control) in Teaching Unit IIL. It is noteworthy that the data were analyzed
in the same way as described for ERQ1.

For this, the normality of the data was guaranteed by analyzing the two populations
using the Shapiro-Wilk test. In this context, the variance between the two populations was
verified by applying the two sided test with a 95% confidence interval, aiming to calculate
that variation. Thus, it was noticed that the value obtained for p in the F test was 0.3563,
which, being lower than the significance level of 0.05, represents a significance between the
observed variances. It is noteworthy that the hypothesis test was performed using the same
as that used in teaching unit I and II, where the p-value was approximately 0.003563 < 0.05.

This demonstrates a positive effect, representing a possible learning gain in the use
of active methodologies in this experimental group, when compared to the control group.
Thus, this level of significance observed from the tests provided statistical evidence for H03
to be rejected. Table 6 presents a summary of the data obtained for ERQ3.

Table 6. Comparison of learning effectiveness between the Experimental Group and Control Group
for teaching unit III.

Experimental Group Control Group
Variables Evaluation Evaluation
Sample Size 12 12
Minimum 5 5
Maximum 10 7
Sum of Points 100.5 71
Median 9.25 6
First Quartile 8 5
Third Quartile 9.625 6,250
Average 8.375000 5.916667
Standard Deviation 2.0684316 0.7929615

7.4. Analysis of Experiment Research Question 4

In ERQ4, “What is the learning effectiveness of the Test and Incident Process Man-
agement unit when adopting the proposed approach versus the classical approach at the
Evaluate level?”, aimed to refute HO04, “There will be no difference in effectiveness between
the Experimental and Control groups at the Evaluate level”, by comparing the two groups
(experimental and control) in Teaching Unit IV. It is noteworthy that the data were analyzed
in the same way as described for ERQ1.

It is noteworthy that the Shapiro-Wilk test was important for verifying the normality
of the data and variance between the two populations. For variance, an alternative pattern
string, named a two sided, was used, considering 95% as the confidence interval to calculate
the variation between these populations (Group ‘a’” and Group ‘b’). For this, it was noticed
that the value presented for p in the F test was 0.09129. This value was higher than
the significance level of 0.05, representing a significance between the variances of these
populations. Therefore, the hypothesis test was performed using the same as that used in
teaching unit I, II and III (Student-t for two equal means and unknown variances), having a
p-value of approximately 0.0004804 < 0.05.

This demonstrates a positive effect, representing a possible learning gain in the use
of active methodologies in this experimental group, when compared to the control group.
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Thus, this level of significance observed from the tests provided statistical evidence for H04
to be rejected. Table 7 presents a summary of the data obtained for ERQ4.

Table 7. Comparison of learning effectiveness between the Experimental Group and Control Group

for teaching unit IV.
Experimental Group Control Group
Variables Evaluation Evaluation
Sample Size 12 12
Minimum 7 4
Maximum 10
Sum of Points 105.5 74
Median 8.75 6
First Quartile 8 5
Third Quartile 9.625 8
Average 8.791667 6.166667
Standard Deviation 0.9643258 1.6422453

8. Results Discussion

According to the results obtained in this research, it was possible to perceive that
the learning effectiveness of the alternative teaching approach presented in this work was
superior to that obtained using the teaching methodology with traditional classes, given
that hypotheses H01, H02, HO3 and H04 were rejected; therefore, the average scores reached
by the experimental group during the evaluations reached a greater significance when
compared with the control group.

In this context, the use of active methodologies and their adopted practices can be
considered one of the factors to achieve these positive results in the experimental group,
as the active pedagogical interventions are centered on the student, aiming to promote
their engagement and autonomy in the teaching and learning process. It is noticed that
there are studies that encourage the use of active methodologies [51-55], but this study
differs by using well-founded quantitative methods to evaluate this learning gain with
statistical significance. Another factor that maintains the originality of this present study
is directly related to the adhering foundation, with international curricula and guides
based on industry experiences. This is in addition to the proposal to use several active
interventions as a way of streamlining classes and enhancing learning with the application
of an entirely practical project, with the active and constant involvement of students.

It is important to highlight that this work focused on comparing only the effects of the
use of active methodologies in the Exploratory Test Design and Execution activities; thus,
no analysis of the students’ performance was carried out. All participants declared that
they had not studied or worked with exploratory testing previously, despite having already
taken courses in software engineering and been made aware of some basic test concepts, all
of which were very superficial. Therefore, it was possible to see that the students had not
actually taken any software testing course or taken any course on the exploratory testing
approach in particular. Thus, the prior knowledge of the students that could have been
related to the subject’s content was considered low.

With the qualitative feedback from the students, it was possible to identify that the
teaching experience involving active methodologies was considered quite useful and could
contribute positively if adopted in their courses. In this context, students reported that their
participation made them more active in classes provided by active pedagogical practices,
especially in the form of remote teaching; here, barriers are still high when it comes to
communicating with others involved in the course, especially when carrying out team ac-
tivities. This fact corroborates the analysis carried out by Papadakis and Kalogiannakis [56],
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where they observed in their research that the use of forms of intervention focused on
the student provides a more active participation in classes, unlike the traditional teaching
method. Students also reported that this communication and interaction can more actively
help them in the real industry environment, by having to interact with unknown people
through meetings, asking for help, cooperating with other collaborators, and achieving
their goals with a good performance.

Regarding the contents used in the teaching units of the experimental group, students
considered them adequate and sufficient for promoting the learning of contents on the basic
foundation of software testing; the students obtained the sufficient skills and competences
to systematically apply the activities of Exploratory Test Design and Execution not only for
the acquired technical knowledge, but also for the abstract skills experienced by the active
interaction with the other students (communication, organization, proactivity, empathy
etc). The distribution of the content in the teaching units was positively evaluated by
the students, as it was possible to dedicate a lot to each stage of the activity carried out,
achieving a gradual and evolutionary learning.

These aforementioned factors were no longer mentioned by the control group, possibly
because they had a much higher theoretical charge than in practice. It was also observed
that, regardless of the form of teaching, students liked more practical activities because
they believed that the learning would be better. In other words, this fact generates evidence
that “learning by doing” becomes not only an initiative of the teacher or the educational
institution, but also of the students themselves, who are able to self-perceive an efficiency
in their learning when they combine theory and practice. Another important fact to report
was the case of students in the experimental and control groups stating that moments of
discussion were important in order to understand the level of knowledge acquired or fixed
on certain content until that moment.

It was emphasized that the time focused on theory being greater than the time allocated
to practical activities may have had a negative impact on the averages of the students in
the control group, as observed in the research questions and hypotheses of this work. Such
an impact may have affected the learning of certain key aspects of the subject, where the
presence of practice would be more appropriate and generate less difficulty in fixing the
content. Practical activities can stimulate engagement, generate student autonomy, and
encourage more interactivity in the exchange of knowledge.

Regarding the weaknesses identified in this study, it is worth noting that the COVID-
19 pandemic, despite using an approach that involves online digital technologies, still
creates many uncertainties. This atypical period made the study even more challenging,
particularly when obtaining the maximum attention of students in a virtual classroom,
having to wait for proactive, communicative, interactive and cooperative students, and
still achieve a sufficient performance to feel apt or skilled enough to apply the knowledge
learned in their professional careers. In addition, there are several factors that can arise
with remote teaching, for example, internet connection problems, power outages, hardware
and software problems, and the lack of the instant observation of students” attention; this is
due to the fact that most prefer not to display their face (local environment) and in some
cases, cannot display their face due to the instability of the Internet connection.

Although the experimental group had a greater number of practices than the control
group, dialogic expository classes were also used to teach certain content in the teach-
ing plan, especially when there was a need to introduce new concepts or fundamental
techniques for use in the activities. However, it was possible to notice that the students
dispersed or did not give the expected attention as the more theoretical classes lasted,
and that some lost focus and interacted little, corroborating the statements of Branstetter
etal. [57] and El-Ali [58], about the duration of the classes. The students reported that the
experiment could be improved by reducing some of the expository dialogued classes to a
maximum of a one class hour per meeting. In view of this, the application of new studies
to determine the most appropriate duration for each expository and dialogued class are
intended in the next experiments.
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Therefore, it is mentioned that the experiment was applied in 30 meetings lasting
approximately 2 h each, totaling 60 h of classes; these were distributed in four teaching
units established for the subject of Exploratory Test Design and Execution. It is noteworthy
that in the first classes, the students of the experimental group were more withdrawn and
interacted less as the practical activities took place, especially in the moments of discussion.
The students reported that the dynamics provided by the use of active methodologies
allowed them to overcome these initial limitations. The increase in the interactions between
students evolved positively, providing evidence that active methodologies were used
correctly and that they provided students with more motivation to carry out activities
in the classroom [59,60]. In this context, it is noteworthy that the activities of greatest
interest to the students were those associated with the teamwork approach; this was
one of the items that had game elements, in order to evaluate such interactions and the
achievement of the activity’s objectives, work organization and deadline delivery. Students
even sought cooperation and communication with other groups to help or ask for help
about problem-solving alternatives and understand certain content.

Based on these results, it strongly suggests that active learning, when carefully planned
and skillfully executed, can help students improve their learning. Such a tendency to obtain
benefits can occur in any disciplinary field, in which active learning is not a simple teaching
method, but encompasses a range of specific activities; this considers that students are
actively engaged in the learning process in the space in which they are immersed.

9. Threats to Validity

This section presents and discusses some threats to the validity of the study. In view
of the results obtained in the scientific research, we seek to analyze and interpret them with
caution, mainly to establish opinions regarding the generalization of these results. With
this, some threats were identified that can influence the results obtained, following the
usual classification of threats to validity (internal, external, construction and conclusion).

These threat factors and some actions that can be taken to mitigate them will be
presented in the next section. Therefore, it is recommended that the results presented in this
study be interpreted within the limits established according to the threats presented below.

9.1. Internal Validity

One of the threat factors concerning the construction of the experimental and control
groups involves the participants (students) who enrolled in the Software Quality subject
and who were in, at least, their sixth semester of the undergraduate computer science
course, for two consecutive semesters. This course is elective (optional) and students
participated voluntarily. This was important in order to not influence the formation of the
groups and reduce the confounding factor, as well as not cause a possible threat to the
statistical regression; this could cause proximity to the control and experimental groups, in
order to make them statistically equivalent.

The fact that researchers cannot set limits to students in the search for knowledge from
sources external to the materials available makes the internal validity related to maturation
a threat. In an attempt to reduce the influence, both groups received the same materials,
and the teachers were always available to clarify doubts and help them in asynchronous
moments, especially regarding the practical project. For this, the same number of meetings
were established with each group, and extra meetings were available at the request of
the students.

Another important fact to mitigate the internal threat by instrumentation was the use
of an expert to correct the evaluations carried out, not being the teachers who taught the
subject to the groups. In addition, the data was granted to a statistical researcher who
did not participate in the construction and execution of the subject, with the function of
performing the analysis of these obtained data. In this case, the data for the corresponding
student was not shared with the experts, in order to mitigate the influence of the evaluation,
that is, the students were not known. In this context, a threat involving instrumentation
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could also be the fact that the approach used in the subject offered the experimental group
different ways of evaluating students between the two groups.

Another factor considered a threat is that the course was taught by two different
teachers, one for each group. In this case, the difference in learning can be influenced
when observing examples, and the conduction and contribution of the teacher in moments
of discussion. Thus, learning gaps between groups can happen, not only because of the
approach, but due to the depth of knowledge of the group teacher and their ability to
transmit content. In this case, it is noteworthy that the teachers were both a master and a
doctor in Computer Science, with more than 5 years of experience researching and working
in the industry in this area; therefore, the teachers built the syllabus and the teaching plan
together, in order to mitigate this risk.

The proposed syllabus had no similarities with the curriculum currently used in the
institution where the research was carried out. Thus, it is relevant to mention that some
teachers may not have more specific knowledge on the subject. However, to alleviate this
threat, using a set of support materials is recommended for this study, being important and
freely accessible to the student and the teacher.

9.2. External Validity

This research used undergraduate students of higher education courses in computing
who had not yet taken the subject of software testing, but who had already obtained knowl-
edge about software engineering for a better understanding of Exploratory Test Design and
Execution activities. Therefore, it is recommended that the results are generalized through
this academic context. For this, the experiment was carried out with a sample of 12 students
in each group (experimental and control), where the sample size is considered small and
the generalization must be treated with caution due to its limitations. In addition, the
study was not applied to other populations, considering several factors; these include the
participants’ different academic levels and professional experience, and even their desire to
work in the area.

This factor of interest in the area can be a factor that can also influence learning, as
students reported that they were curious to better understand the approach and the area as
a whole, because the course does not have a subject focused on software-testing techniques
but require when obtaining software development activities. To mitigate this, testing
fundamentals were addressed in the first teaching unit to provide a holistic view of the
area and then delve into the systematic applicability of the exploratory testing approach.

9.3. Construction Validity

In view of the results obtained in this research, it is notable that the data collected
from samples from the experimental and control groups were small. Therefore, statements
and generalizations of the results to larger populations must be interpreted with caution.
Therefore, the main validity of the construction comes from the effectiveness of learning
between the experimental and control groups, according to the cognition levels of Bloom’s
revised taxonomy [43,44], where these results may not be sufficient to measure the learning
obtained by the participants at each of the established learning levels.

In this context, it cannot be said that students who obtained excellent results, solv-
ing questions based on certification content, are able to take the tests and consequently be
approved. Another case is that the acquired skills may also not be usable in different scenarios.

9.4. Conclusion Validity

Despite the data collected being enough to indicate a gain in the effectiveness of
the proposed approach, the study also considers the number of students, 12 per class, a
threat to the validity of establishing definitive conclusions, that is, it is still not possible to
generalize the results. Therefore, new experiments have been planned to observe trends
and possibly establish a level of effectiveness in relation to the control group. To mitigate
this threat, different statistical tests were used for different research questions in this
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experiment, considering the variance of data from a given population in the teaching unit
under analysis.

Thus, it sought to perform more robust statistical tests, aiming to circumvent the low
statistical power of the distribution of data obtained. This may have happened because the
experimental group performed mostly group activities, which generated data homogeneity.

10. Conclusions

The objective of this work was to present, in detail, the first experimental results of
the teaching and learning approach of Exploratory Software Test Design and Execution,
where it was possible to perceive a greater effectiveness of learning in relation to traditional
teaching; thus, the main research question was answered. The teaching plan was established
from a previously constructed syllabus aimed at the practical application of structured
activities of Exploratory Test Design and Execution, being aligned 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; this includes
considering an approach to remote teaching based on a teaching modality (EOL) that also
proposes more interactive, communicative and engaging classroom dynamics through the
use of digital technologies, unlike the Distance Education modality.

It is emphasized that adherence to the teaching plan is produced from the documents
obtained as a basis for analyzing mapping assets, interviews with test professionals, align-
ment with the TMMIi process area and the use of active methodologies through digital
technologies. This plan was also preliminarily evaluated by experts, both in research on
software engineering education and practical applications in the industry. According to the
results obtained in this work, they can be considered significant, as the students partici-
pating in the experimental group obtained a good level of learning in the content covered;
however, due to threats to validity, the results cannot be generalized in any situation.

Therefore, one of the main limitations existing in this study is related to the sample
size, in the case of 12 students in each group (control and experimental), totaling 24 students.
However, this limitation did not negatively affect the results, as all students were regularly
enrolled in the undergraduate course in Computer Science, having already taken the
Software Engineering subject, which was established as a prerequisite, in order to avoid
large differences in sampling due to size variation. It is noteworthy that, despite the sample
size not being sufficient to generalize the results to the different contexts in which they
have been applied, it is a first initiative in order to provide statistically significant results;
there will be new positive results in future applications and other studies in the field will
be encouraged.

In addition, another important limitation of the study worth mentioning is the in-
volvement of different teachers for each group (Control and Experimental). However, this
was also minimized by the fact that these teachers had access to the same set of materi-
als that fully served as a support to prepare and conduct classes within the limits of the
established teaching plan. Another factor that contributed to minimizing the differences
in learning that could happen with different teachers was the fact that both had the same
instructional level and obtained their training in the same research group, carrying out
research for more than five years in Software Engineering Education; they had already
published renowned papers and articles focusing on software quality, involving academic
and industrial scenarios.

As future work, we intend to replicate the experiment in a computer science graduate
class to validate its effectiveness with people who are already trained in the area and
possibly have professional experiences. Another objective is to use the teaching plan
in different academic subjects in computing. In this way, the importance of this study
is emphasized in providing training to students at a basic level, sufficient for use in
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the industry; this study even breaks the paradigm of understanding that dictates that
exploratory testing is an approach only to be free, and also supports new studies in the area.
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Appendix A

Subject—Exploratory Test Design and Execution

Prerequisites

ACMY/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?
Q2. What criteria are suitable for prioritizing test conditions and test procedures, both exploratory?

Q3. What aspects are analyzed for the strategic definition of an exploratory testing process?
Q4. How to develop test letters (charters) suitable for certain contexts?

Q5. How to identify suitable criteria for verification of initial tests?

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?
Q8. How to use good practices to communicate incidents to stakeholders?

Programmatic Content-PC

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)

Expected Results Level of Learning

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
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The student should be able to establish a list of suitable work

products for analysis and identification of test conditions and Remember/Factual
Understand /Conceptual
test procedures.

The student must be able to identify the test coverage to be Apply/Conceptual
achieved with the test design techniques being aligned with Analyze/Conceptual
established test conditions. Evaluate/Procedural

. . Apply /Procedural

The student must be able to define a suitable test process

according to the analysis performed Analyze/Procedural
ccordmg to the ysts pertormed. Evaluate/Conceptual

Programmatic Content-PC

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 Level of Learning

Understand /Conceptual

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

Apply/Conceptual
The student must be able to analyze and establish verification Understand/Conceptual
o L Analyze/Conceptual
criteria for initial tests.
Apply/Conceptual
Apply /Procedural
The student must be able to analyze criteria to enable him to Analyze/Procedural
develop an appropriate test execution schedule. Evaluate/Conceptual
Create/Conceptual

Programmatic Content-PC

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 Level of Learning
The student must understand and apply exploratory testing,
adhering to the pre-defined test charts and selected exploration Uniers’;ar/lifizgiziual
strategy. PPy
The student must understand and apply exploratory testing, Understand /Conceptual
followine structured d inherent to the SBTM Apply/Conceptual & Procedural
g structured procedures inherent to the . Analyze,/Procedural
Remember /Factual
The student should be able to understand and apply good Understand /Conceptual
practices for recording and analyzing incident causes. Apply/Procedural
Analyze/Procedural

Programmatic Content-PC

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

Level of Learning

The student should be able to understand and apply good

Understand /Conceptual
practice in reviewing reports and writing a test summary report.

Apply/Conceptual & Procedural
Remember/Factual
The student must be able to analyze lessons learned to apply Understand /Conceptual
appropriate procedures to the management of exploratory Apply /Proce durzl
testing process. PPy

Analyze/Procedural
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