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Abstract
Context: Students of computer science and related courses (including those who have already graduated) often

have knowledge gaps on software testing and low levels of motivation and interest in learning this subject. Func-
tional testing technique criteria, for example, are usually required and used in industry, but their teaching still needs
support. Faced with the problems caused by such gaps and a historical shortage of qualified testing professionals,
improvements in testing education are demanded by the industry for the academy. Dojos may contribute in this con-
text since positive results are usually reported regarding their impact on the motivation and perception of learning
of students. However, their use is still little explored in the testing area.Objective: In this study we aimed to define
and evaluate an approach supported by testing dojo to teaching and learning functional testing technique criteria in
higher education.Methods:We defined the approach (named ADoTe) iteratively, supported by literature data and
by quali-quantitative analysis of the results of two executions of a controlled experiment that evaluated the impact of
ADoTe (compared to a traditional teaching approach) on the learning (measured by knowledge tests) and motivation
(measured by a questionnaire named IntrinsicMotivation Inventory (IMI)) of students.Results: From the analysis of
data collected from 44 participants we noticed that, although the averages for learning and general motivation of the
groups submitted to ADoTe were greater than those of the groups submitted to a traditional teaching approach, it was
not possible to state that, for these variables, there was a statistically significant difference between the approaches
evaluated. However, the results of the IMI subscale related to intrinsic motivation were statistically significant, in-
dicating that students feel more interest/enjoyment in learning functional testing technique criteria through ADoTe
(the averages of the groups submitted to ADoTe were 15.80% and 19.71% higher than those of the control groups).
Additionally, the results of thematic analyses carried out on the answers to a retrospective questionnaire showed
that ADoTe was well accepted by students and reinforced the importance of its steps and guidelines. Conclusion:
ADoTe positively impacts the learning and motivation of students and, compared to traditional teaching, tends to
lead to greater levels of interest/enjoyment in learning functional testing technique criteria.
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1 Introduction
Despite the importance of software testing (Garousi et al.,
2020b) and its presence in academic curricula (Elgrably and
de Oliveira, 2021; Valle et al., 2015a), students of computer
science and related courses (including those who have al-
ready graduated) often have knowledge gaps and inadequate
habits regarding this subject (Melo et al., 2020; Scatalon
et al., 2018; Sherif et al., 2020), as well as low levels of moti-
vation and interest in learning it (Garousi et al., 2020b; Melo
et al., 2020).
Functional testing technique criteria, for example, are usu-

ally required and used in industry (Kassab et al., 2017; Melo
et al., 2022). However, according to Scatalon et al. (2018),
there is still a high demand related to the teaching of this
topic, since the generation of test cases based on these cri-
teria and on artifacts used by them (such as client require-
ments) figures among the testing topics with the highest lev-
els of knowledge deficiency1. Furthermore, considering the
mistakes commonly made by students when learning soft-
ware testing, Aniche et al. (2019) indicate that students typi-

1The term “knowledge deficiency” indicates that the tocpic is more re-
quested/used in industry than taught in academy, which exposes an imbal-
ance between these environments and the need for improvements regarding
the teaching of the topic (Scatalon et al., 2018).

cally have difficulty in creating tests using functional testing
technique criteria, which reinforces the need to support the
teaching of this topic more effectively.
Faced with the problems caused by such gaps and a histor-

ical shortage of qualified testing professionals (Melo et al.,
2020), improvements in testing education are demanded by
the industry for the academy (Garousi et al., 2020a).
In this scenario, studies have been conducted aiming to

support software testing education through alternative teach-
ing and learning approaches (e.g., gamification, problem-
based learning, and flipped classroom) (Melo et al., 2020;
Valle et al., 2015b). Despite the existence of these efforts,
further investigation on the topic is still necessary, with the
experimentation of different approaches (Valle et al., 2015b)
and new pedagogical models (Elgrably and de Oliveira,
2021) being essential.
Active, collaborative, and cooperative learning strategies

can help in this context since positive results are reported
regarding their impact on the learning and motivation of
students (Gehringer, 2007; McConnell, 2005). Due to their
practical, collaborative (Sato et al., 2008), and cooperative
(Rooksby et al., 2014) nature, dojos are adherent to such
strategies.
In computing, a dojo is a collaborative meeting or activity
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where participants actively engage with challenges related to
a specific topic, seeking to learn from each other and improve
their skills (Santos et al., 2012; Sato et al., 2008). A type of
dojo where the challenges are focused on software testing
is named testing dojo (Gaertner, 2010), which is a possible
way to learn and exercise testing topics in a practical and
collaborative way (Gregory and Crispin, 2014).
Although few studies evaluate the use of dojos for teaching

and learning content related to software testing in higher ed-
ucation, we evidenced through a Systematic Literature Map-
ping (SLM) that the reported results are usually positive for
aspects such as motivation and perception of learning of par-
ticipants. At the same time, due to methodological or statisti-
cal issues, such results cannot be generalized. Hence, there is
a need for additional scientific evidence to better understand
the effects and applicability of dojos in the context of testing
education.
Considering that the use of dojos for teaching testing may

contribute to solving the aforementioned problems, in this
work we aimed to define and evaluate an approach sup-
ported by testing dojo to teaching and learning functional
testing technique criteria in higher education. The choice
of functional testing technique criteria as the focal topic of
the approach is justified by the following reasons: (a) as al-
ready detailed at the beginning of this section, this content
is usually required and used in industry (Kassab et al., 2017;
Melo et al., 2022) and figures among the testing topics that
most need support regarding teaching (Scatalon et al., 2018;
Aniche et al., 2019); (b) since this is a fundamental content
that is included in several academic curricula (Elgrably and
de Oliveira, 2021; Melo et al., 2020), considering it as a focal
topic may make the approach defined in this work beneficial
to a greater number of students and teachers (whichmight not
occur with other testing topics); and (c) limitations regarding
the ability to validate the approach for a larger number of test-
ing subjects in the context of this work, since it was carried
out within the scope of a master’s research with limited re-
sources and time.
The approach, named ADoTe, was defined iteratively, sup-

ported by literature data and by quali-quantitative analysis of
the results of two executions of a controlled experiment that
evaluated the impact of ADoTe (compared to a traditional
teaching approach) on the learning (measured by knowledge
tests) and motivation (measured by an Intrinsic Motivation
Inventory questionnaire) of students.
Therefore, this paper contributes to the improvement of

software testing education by (i) defining an approach that
is supported by testing dojos for the teaching and learning
of functional testing technique criteria and (ii) presenting ev-
idence regarding the applicability of the defined approach
(and consequently evidence about the use of testing dojos)
in the teaching and learning of functional testing technique
criteria in higher education, as well as its impact on the learn-
ing and motivation of students.
The remainder of this paper is structured as follows. Sec-

tion 2 presents a SLM on the use of dojos and Section 3 re-
views related work. Section 4 introduces background knowl-
edge. Section 5 describes the research methods. Section 6
defines ADoTe. Section 7 presents the study results, which
are discussed in Section 8. Section 9 presents the limitations

and threats to the validity of the study. Section 10 concludes
this paper and identifies topics for future work.

2 A SLM on the use of dojos
To identify related work and support the definition of the ap-
proach, we conducted a SLM— following the guidelines by
Petersen et al. (2015), Kitchenham and Charters (2007), and
Felizardo et al. (2017) — that aimed to describe what has
been investigated and reported on the use of dojos for teach-
ing, learning, or knowledge sharing about computing-related
content in higher education or professional contexts.
Subsections 2.1, 2.2, and 2.3 present the SLM protocol,

SLM execution, and summary of key findings, respectively.

2.1 SLM protocol
Seeking to meet the goal presented at the beginning of Sec-
tion 2, some research questions were defined: (1) How dojos
have been used/organized in the context investigated? and (2)
What insights/results about dojos have been reported?
Considering the SLM goal and its research questions a

three-stage search strategy was used to identify primary stud-
ies:

1. Stage 1 — Primary searches (to identify keywords): we
initially searchedGoogle Scholar for “dojo AND (teach-
ing OR learning) AND software”. Based on the read-
ing of the titles of the studies retrieved by this search,
an initial set of studies was established and their titles,
abstracts, and author keywords were analyzed to iden-
tify the terms commonly used in studies of interest to
the SLM. Since such terms have been defined, pilot
searches and iterative refinements of search stringswere
performed in research sources (those detailed in the next
item). The resulting keywords from this process were:
dojo, teaching, learning, training, and education. Fur-
thermore, Dojo Toolkit2 was defined as a term to be
excluded from searches, since it was not related to the
object of study of the SLM.

2. Stage 2 — Automatic searches: the research sources
used in this stage were IEEE, ACM, Scopus, Compen-
dex, Science Direct, and Web of Science, i.e., a com-
bination of popular databases and search engines in
the field of Software Engineering, as recommended by
Dybå et al. (2007) and Felizardo et al. (2017). In the au-
tomatic searches, we looked for studies that presented
the term dojo in any field, as long as the title, abstract,
or keywords also included terms related to teaching and
learning. More details on the execution of this stage will
be presented in Subsection 2.2.

3. Stage 3 — Supplementary searches: iterations of back-
ward and forward snowballing (Wohlin, 2014) were per-
formed until no more relevant studies were identified.
Thus, the references of the studies included in the previ-
ous stage, as well as their citations (returned in Google
Scholar), were evaluated to identify possible primary

2Dojo Toolkit (https://dojotoolkit.org/) is a JavaScript toolkit that pro-
vides resources related to the development of web applications.
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studies of interest. Details of the execution of this stage
will be presented in Subsection 2.2.

Regarding the search strings used, their basic syntax was
“dojo AND (teaching OR learning OR training OR educa-
tion) NOT “dojo toolkit””. Searches were performed: (a)
in the title, abstract, and author keywords fields for the
terms teaching, learning, training, and education; and (b) in
all fields for the terms dojo and dojo toolkit. Furthermore,
when necessary (according to the behavior of each research
source), adaptations were made to the strings, such as: (1)
inclusion of the term “dojos”, when the source did not auto-
matically consider the plural of “dojo” (case of Scopus and
Web of Science); (2) broadening the search for terms related
to teaching and learning, when the reasearch source allowed
the use of the * operator for the necessary number of terms;
and (3) filtering by knowledge area and type of study, when
there was no loss of possible studies of interest to the SLM.
The search strings used in each research source are presented
in Appendix A.1.
Aiming to select relevant studies to the SLM, the follow-

ing inclusion (I) and exclusion (E) criteria were used: (I1)
the study proposes or analyzes the use of dojos for teach-
ing, learning, or knowledge sharing about computing-related
content in higher education or professional contexts; (I2) the
study is as a foundation work about dojos (e.g., publication
usually referenced as the first on the subject or commonly
used by other publications for foundation/definitions); (E1)
the study is a book or is not a primary study (e.g., it is an edi-
torial, summary of proceedings of a scientific event, tutorial,
or secondary study); (E2) the study does not mention or is not
related to dojos in the sense (technique, practice, approach, or
meeting/event for teaching, learning, or knowledge sharing
about computing-related content) and contexts investigated
in the SLM (higher education or professional contexts); (E3)
the study discusses dojos superficially or does not add new in-
formation to the state of the art (e.g., the term appears only in
the references or in an enumeration; its use is not sufficiently
detailed; it just presents results from another study also re-
trieved in the searches conducted for the SLM); (E4) it was
not possible to obtain access to the full text of the study; (E5)
the study is not written in English; and (E6) the study is a
summary or an older version of another publication already
considered in the SLM.
The study selection and data extraction processes were

documented in an electronic spreadsheet and reviewed to en-
sure consistency of decisions.

2.2 SLM execution
As mentioned in Subsection 2.1, the search strategy used in
the SLM was composed of three stages. This subsection de-
tails the automatic and supplementary search stages and the
selection of studies.
Figure 1 presents a graphical representation of the study

search and selection process. At the top of the figure are ex-
posed the filtering steps applied during selection:

• Step 0: removal of duplicate studies.
• Step 1: initial selection of studies by reading their titles
and searching for the term “dojo” in the full text. When

the term “dojo” existed, the excerpts where it was used
were analyzed to understand its meaning/context in the
study and the granularity of the information presented.

• Step 2: selection of studies by reading their full texts.
• Application of inclusion and exclusion criteria (de-
scribed in Section 2.1): occurred concurrently with
steps 1 and 2.

Through Figure 1 it can be evidenced that automatic
searches were initially performed (on September 22, 2022)
in the research sources indicated in Section 2.1. The retrieved
studies were then analyzed through a process that involved
the execution of the filtering steps described above. After fil-
tering, the resulting studies were used as seed for supplemen-
tary searches, which were also performed in 2022 by execut-
ing iterations of backward and forward snowballing until no
more relevant studies were identified (which occurred with
the execution of two iterations of each type). Twenty-eight
studies of interest were selected through this process.
From Figure 1 it is also possible to notice that, in order to

update the SLM, new iterations of forward snowballing were
performed (on September 7, 2024) until no new relevant stud-
ies were identified (which occurred with the execution of two
iterations). In this process, we analyzed the citations returned
by Google Scholar for the twenty-eight studies previously
selected (we considered only the citations referring to publi-
cations that had not yet been returned in the 2022 searches).
Through this process, seven new studies were identified, to-
taling thirty-five studies of interest to the SLM. The refer-
ences of these studies are exposed in Appendix A.2.

2.3 Summary of key findings
By synthesizing data from the studies selected through the
process described in Subsection 2.2, we were able to under-
stand how dojos have been used/organized (e.g., dojo struc-
ture, formats, and roles), thus answering the first research
question of the SLM. This information will be detailed in
Subsection 4.2 (for a better organization).
Furthermore, we could also identify positive and nega-

tive/challenging aspects reported on the use of dojos, answer-
ing the second research question of the SLM. This subsection
summarizes these findings.
Regarding the positive aspects/results reported, the most

frequent ones indicate that dojos:

• Favor the learning and acquisition of skills (mainly prac-
tical) (Sato et al., 2008; Bravo and Goldman, 2010;
Santos et al., 2012, 2015; Aniche and Silveira, 2011;
Luz et al., 2013; Heinonen et al., 2013; Estácio et al.,
2015b,a, 2016b; Oliveira et al., 2016; Soomlek, 2015;
Lee et al., 2017; Rodrigues et al., 2017; Elgrably and
Oliveira, 2018; Santos and Oliveira, 2019; Elgrably and
Oliveira, 2022b; Garcia et al., 2022; Meireles et al.,
2022b,a; Garcia et al., 2023; Costa et al., 2023).

• Enhance relationships, cooperation, collaboration,
teamwork, interaction, and communication among
participants (Santos et al., 2015; Luz et al., 2013;
Estácio et al., 2015b, 2016b; Soomlek, 2015; Lee et al.,
2017; de Oliveira et al., 2018; Fonseca et al., 2019;
Meireles et al., 2022b,a; Garcia et al., 2023).
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Figure 1. Search and selection of studies

• Increase the motivation, interest, participation, engage-
ment, or commitment of participants (Luz et al., 2013;
Estácio et al., 2015a; Soomlek, 2015; Lee et al., 2017;
Rodrigues et al., 2017; Garcia et al., 2022; Meireles
et al., 2022b,a; Garcia et al., 2023; Costa et al., 2023).

• Favor knowledge sharing (Sato et al., 2008; Santos et al.,
2012; Luz et al., 2013; de Oliveira et al., 2018; Santos
and Oliveira, 2019; Meireles et al., 2022b,a).

• It is considered as a fun/enjoyable activity by partici-
pants (Santos et al., 2015; Aniche and Silveira, 2011;
Estácio et al., 2015b, 2016b).

Furthermore, studies alsomention that dojos are a good op-
tion to be used in academic contexts (Sato et al., 2008; Luz
et al., 2013; Soomlek, 2015; Rodrigues et al., 2017; Elgrably
and Oliveira, 2020, 2022b), would be an interesting way to
complement traditional methods, and could be used in teach-
ing and training programs (Sato et al., 2008; Luz et al., 2013).
In turn, the main negative/challenging aspects were:

• Complexity of katas (also known as exercises, chal-
lenges, or missions): Santos et al. (2012), Estácio et al.
(2016b), and Elgrably and Oliveira (2022b) mentioned

that some participants considered the katas complex.
Thus, it is important to elaborate katas with an adequate
level of complexity.

• Size of baby steps: Aniche and Silveira (2011) reported
that participants did not feel they were having progress
in the activity, as their steps were very small. This in-
dicates that attention should be paid to the size of the
steps used to solve the katas.

• Cycle/iteration time: in some studies, the time to work
on a kata (usually five to seven minutes) was consid-
ered insufficient by participants (Santos et al., 2012;
Heinonen et al., 2013; Estácio et al., 2015b; Lee et al.,
2017; Rodrigues et al., 2017; Meireles et al., 2022b),
while in Filho and de Toledo (2015) it is reported that
ten minutes is a long time for the same person at the
keyboard. In Estácio et al. (2016b) the use of fixed
time cycles was perceived as negative, while in Sato
et al. (2008) it was understood as necessary. Further-
more, in Furtado and Oliveira (2020) it was reported a
lack of balance between cycle time and the difficulty
of katas. Thus, cycle time and its balancing with the
size/complexity of katas is a challenging aspect.
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• Number of participants: in the Randori format (see
Subsection 4.2.4), sessions with large groups can be
problematic, since a huge number of participants slows
down the dynamics and decision-making (Sato et al.,
2008; Estácio et al., 2016b). Moreover, in these scenar-
ios participants spend a lot of time as observers, which
can bore them (Sato et al., 2008) and generate situations
where dojo sessions are finished without everyone hav-
ing assumed the role of pilot at least once (Rodrigues
et al., 2017). Thus, it is necessary to adapt the dynamics
for larger groups (Santos et al., 2012) or use the Kake
format (Rodrigues et al., 2017). At the same time, ac-
cording to Estácio et al. (2016b), conducting dojos with
very small groups (e.g., with only three participants) is
also not interesting.

• Other challenges and points of attention: according to
Rodrigues et al. (2017), the exposure that occurs in do-
jos (referring to performing in front of other people) can
cause discomfort in some participants; Heinonen et al.
(2013) and Rodrigues et al. (2017) point to the need
to take care so that competition does not occur in do-
jos, since they must be collaborative; de Oliveira et al.
(2018) presents that, for the dojo to be effective, it is
necessary to carry out prior planning and follow the es-
tablished dojo rules; and in Santos et al. (2012) and Es-
tácio et al. (2015b) the participants complained about
the lack of visibility of the code, which indicates that
attention should be paid to infrastructure issues.

Specific results relating dojos and software testing will be
presented in Section 3.

3 Related work
Some studies identified in the SLM described in Section 2
approach or at least mention the possibility of teaching or
learning software testing related content in higher education
through dojo sessions (Sato et al., 2008; Luz et al., 2013;
Heinonen et al., 2013; Estácio et al., 2016a,b; Lee et al.,
2017; Rodrigues et al., 2017; de Oliveira et al., 2018; El-
grably andOliveira, 2018, 2020, 2022a,b; Costa andOliveira,
2022; Costa et al., 2023) and, therefore, can be considered as
related work.
Regarding the testing related content explored or men-

tioned in these studies as possible to be taught or learned
through dojos, Test-Driven Development (TDD) is the most
common (Sato et al., 2008; Luz et al., 2013; Heinonen
et al., 2013; Estácio et al., 2016a,b; Lee et al., 2017; Ro-
drigues et al., 2017; de Oliveira et al., 2018; Elgrably and
Oliveira, 2018, 2020, 2022a). Other topics also explored
or mentioned are: unit testing (Luz et al., 2013; Rodrigues
et al., 2017; de Oliveira et al., 2018; Elgrably and Oliveira,
2022b,a), exploratory testing (Elgrably and Oliveira, 2020;
Costa and Oliveira, 2022; Costa et al., 2023), test automa-
tion (deOliveira et al., 2018), Behavior-DrivenDevelopment
(BDD) (Sato et al., 2008), test coverage (Sato et al., 2008),
and code coverage (Lee et al., 2017). This indicates that a
variety of topics can be approached in dojos, but also demon-
strates that some testing topics have not yet been explored.
Considering studies that presented specific results on the

approach of software testing related content in dojo sessions

conducted in academic contexts: (a) Elgrably and Oliveira
(2022a) focused on presenting the perception of professors
about the use of active methodologies (including dojo) to
teach software testing remotely; (b) Luz et al. (2013), Está-
cio et al. (2016b), and Lee et al. (2017) had a greater em-
phasis on teaching and learning of TDD; and (c) Sato et al.
(2008), Heinonen et al. (2013), Rodrigues et al. (2017), and
de Oliveira et al. (2018) exposed results about testing, but
without focusing on the subject.

Still considering the publications of the previous para-
graph: (a) in most of them, the evaluation methods were non-
experimental. Estácio et al. (2016b) used Grounded Theory
for data analysis. In the remaining studies dojo sessions were
usually conducted and opinions/perceptions from partici-
pants or authors (about the dojo and, sometimes, its impact
on learning and motivation) were collected (through ques-
tionnaires, interviews, or observation) and analyzed quanti-
tatively and qualitatively; and (b) Lee et al. (2017) was the
only one in which controlled experiments were conducted
and the results (regarding code coverage and TDD) obtained
from dojos were compared to another approach (individual
programming). However, Lee et al. (2017) presented results
simplistically, and it was unclear whether their statistical sig-
nificance was assessed.

Regarding learning results, considerations usually posi-
tive were presented about the impact of dojos on the learn-
ing of unit testing (Rodrigues et al., 2017), test automation
(de Oliveira et al., 2018), test coverage (Sato et al., 2008),
code coverage (Lee et al., 2017), and TDD (Sato et al., 2008;
Luz et al., 2013; Heinonen et al., 2013; Estácio et al., 2016b;
Lee et al., 2017; Rodrigues et al., 2017). Positive results were
also reported for student motivation, interest, participation,
and engagement (Luz et al., 2013; Lee et al., 2017; Rodrigues
et al., 2017).

In turn, regarding teaching results (less common in stud-
ies), Luz et al. (2013) and Heinonen et al. (2013) mention
that the coding dojo activity favors the teaching of TDD. Ad-
ditionally, considering the use of the dojo formats known as
Kake and Randori for teaching testing in remote contexts, El-
grably and Oliveira (2022a) present that most professors did
not considered this approach difficult to construct a subject,
evaluate student participation, make students interact, and
collect their feedback. However, some professors indicated
that in remote contexts: dojo interactions may be hampered,
that the activity requires a high degree of planning, and that it
may be difficult to provide mentoring (in Kake) and organize
the practice if there are many students (in Randori).

Our work differs from the aforementioned by presenting
an approach to teaching and learning functional testing tech-
nique criteria supported by testing dojo. To the best of our
knowledge, our study is the first to investigate the teaching
and learning of functional testing technique criteria using do-
jos. Furthermore, this study also differs from most of the pre-
vious ones by conducting a controlled experiment (compar-
ing the proposed approach to traditional teaching) and verify-
ing the statistical significance of the results.More differences
between our approach and solutions from other studies will
be exposed in Section 6, after the presentation of ADoTe.
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4 Background
In this section, we provide background information related
to software testing concepts, dojo, and testing dojo.

4.1 Software testing concepts
According to Myers et al. (2012), testing is the process of ex-
ecuting a program aiming to find errors. To ensure through
testing that there are no defects in a program P , the authors
point out thatP should be executed with all elements of its in-
put domain D(P ). However, due to the cardinality of D(P )
(usually very large or infinite), this approach becomes im-
practical, making it necessary to identify and use for the test-
ing of P only a reduced subset of D(P ), that requires the
minimum amount of time and effort, but has a high probabil-
ity of uncovering defects (Myers et al., 2012).
In this context, the definition of test subdomains is es-

sential. As presented by Weyuker and Ostrand (1980), a
test/revealing subdomain consists of a subset of D(P ) with
similar test data, i.e., for which the same behavior of P is
expected. The idea is that a test set composed of one ele-
ment from each subdomain would be remarkably reduced
compared to D(P ), but in a certain way would represent it
entirely (Weyuker and Jeng, 1991).
To identify subdomains, rules known as testing criteria are

established. Testing criteria usually define requirements to
decide when test data should or should not be in the same
subdomain and are grouped into techniques differentiated by
the source or type of information used to establish the subdo-
mains (Delamaro et al., 2006). The functional technique and
its criteria are usually the most used in the software industry
(Kassab et al., 2017; Melo et al., 2022) and also the most in-
cluded in academic curricula (Elgrably and deOliveira, 2021;
Melo et al., 2020).
Myers et al. (2012) state that in the functional technique

P is considered a black box, since test data are established
based only on its specifications/requirements, without con-
sidering implementation details or the internal structure of
the program. Thus, for the authors, this technique focuses on
finding circumstances in which P does not behave according
to its specifications. Non-exhaustive examples of functional
testing technique criteria are equivalence partitioning (Myers
et al., 2012), boundary value analysis (Myers et al., 2012),
and systematic functional testing (Linkman et al., 2003).

4.2 Dojo and testing dojo
The first publications about dojos in computing define them
as periodic meetings (called sessions) where programmers
with different knowledge levels come together to solve small
exercises (called katas) collaboratively, seeking to learn from
each other and improve their skills through deliberate prac-
tice (Bossavit and Gaillot, 2005; Sato et al., 2008).
Dojos are fundamentally social and cooperative (Rooksby

et al., 2014). The idea behind them is to create a safe and fun
environment where people can test new ideas and learn con-
tinuously, in a collaborative, inclusive, and non-competitive
way (Sato et al., 2008). Additionally, dojos would be aligned
with principles such as: (a) failure: it is acceptable to fail

when learning something new; (b) redundancy: new under-
standings can be obtained by approaching the same problem
using different strategies; and (c) Baby Steps: each step to-
wards solving the katamust be small enough so that everyone
can understand it and replicate it later (Sato et al., 2008).
Although dojo was originally defined as a periodic meet-

ing focused mainly on the practice and knowledge shar-
ing of programming, the dissemination of the proposal of
Bossavit and Gaillot inspired the creation of new types of do-
jos. Among the existing variations, the one known as testing
dojo is focused on software testing. According to Gaertner
(2010), in this type of dojo participants practice their skills
in groups, working on test missions/katas that can vary from
testing an application, evaluating tools, learning new testing
approaches, etc. Thus, this type of dojo consists of a collabo-
rative way to train new professionals in the area and dissem-
inate knowledge about testing (Gaertner, 2010).
Characteristic dojo/testing dojo elements will be presented

in the next sections.

4.2.1 Infrastructure

The infrastructure required for a dojo session depends on the
activities that will take place during it (Bache, 2013). Despite
this, certain elements are usually mentioned in the literature
(Bache, 2013; Gaertner, 2010; Sato et al., 2008): (a) a room
large enough to accommodate the participants; (b) at least
one computer, where katas will be solved; (c) a projector,
to display in the room what is being done on the computer;
and (d) materials for taking notes and supporting discussions
(e.g., pen, paper, whiteboard, and flip chart).

4.2.2 Roles

In dojo sessions, participants play roles, learning from their
direct action, observation, and interactions (Heinonen et al.,
2013). The common roles in dojos are outlined below.

Facilitator. The person playing this role (also named mod-
erator, organizer, presenter, Dojo Master, or Sensei) is re-
sponsible for organizing and facilitating the dojo, usually
acting: (a) before the session, adjusting infrastructure issues;
(b) during the session, ensuring that dojo rules are being fol-
lowed, moderating discussions, presenting examples related
to katas, and conducting retrospectives; and (c) after the ses-
sion, organizing the room (Sato et al., 2008; Gaertner, 2010;
Heinonen et al., 2013). Although their main activity is to fa-
cilitate the dojo, the participant who acts as a facilitator can
also play other roles during the session (Gaertner, 2010). In
groups that are more experienced in running dojos, this role
may not exist (Bache, 2013).

Pilot/driver/tester. Participant who is responsible (at a
given moment) for solving the kata, being the only person
who can use the keyboard andmouse (Rodrigues et al., 2017).
While working on the kata, the pilot must describe his mental
model (e.g., ideas and justifications about what to do or not
do) to the other participants so that everyone can understand
what is being done and why (Gaertner, 2010).

Copilot/navigator/recorder. Works alongside the pilot,
providing support through suggestions, code inspections, and



ADoTe: Approach to teaching and learning functional testing technique criteria supported by Testing Dojo Belinski et al. 2025

making notes about the activity (e.g., test ideas and defects
found) and the steps taken on it, ensuring that these can be
reproduced (Gaertner, 2010; Rodrigues et al., 2017).

Audience/public/observers. Participants playing this role
must follow the work of the pilot and copilot (the solution
they are creating and their interactions) in an engaged man-
ner, being allowed at certain moments to ask questions to the
pair, provide them support, feedback, and improvement sug-
gestions (Gaertner, 2010; Heinonen et al., 2013).

4.2.3 Structure/moments

The structure of a dojo session is not consensual in the liter-
ature (Rodrigues et al., 2017). However, some moments are
typically mentioned and are presented below in the order in
which they usually occur.

Dojo introduction. The purpose of this moment is to help
participants feel safe to experiment and learn. To this end, the
facilitator can introduce them to the concept of dojo, its struc-
ture, the rules of the format that will be used in the session
(see Section 4.2.4), as well as the expected behaviors and at-
titudes from the participants. The introduction can take from
two to fifteen minutes, depending on the level of prior knowl-
edge of the group about dojos (Bache, 2013).

Initial agreements. It usually includes a two to ten-minute
discussion between the facilitator and the other participants
about: (a) the date, time, and location of the next meeting
(this definition can also bemade at the end of the session); (b)
a brief discussion about what happened in the last meeting;
and (c) the definition of what will be accomplished in the
current session (e.g., choice of kata) (Bache, 2013; Rodrigues
et al., 2017).

Execution. This moment may include (Sato et al., 2008):
(a) a few initial minutes (ten to twenty) to discuss the differ-
ent approaches that can be used to solve the kata, the choice
of which one will be adopted, and the creation of a script to
guide participants during the activity; and (b) a longer period
(one to two hours) to work on solving the kata following the
dynamics of a dojo format.

Retrospective/reflection. At this moment — that usually
takes five to fifteen minutes (Bache, 2013) — participants
discuss/reflect onwhat happened in the session andwhat they
learned from it (Sato et al., 2008). To encourage discussion,
each participant can be asked to mention something they
learned, something that surprised them, and something they
still don’t understand (Bache, 2013) or to answer questions
such as “What went well?”, “What could be improved?”,
“What have we learned?” and “What has hindered learning?”
(Sato et al., 2008). From this discussion, the group can make
decisions to improve the dojo (Gaertner, 2010).

4.2.4 Formats

Different dynamics (usually called formats) can be used
while working on a kata. The most common in the literature
are described below.

Kata/Prepared Kata. Figure 2 illustrates the dynamics of
Kata/Prepared Kata, a format where the facilitator prepares
the kata solution before the session (Bache, 2013).

Figure 2. Dynamics of the Kata/Prepared Kata format

During the session, the facilitator shows the kata solution
step by step to the audience, reproducing it from scratch
and exposing his/her mental model (e.g., the decisions made
throughout the process and their motivation), so that every-
one is capable of understanding it (note that in Figure 2 the
facilitator is explaining the solution being created, which is
also projected in the room). In turn, the audience must en-
sure that they understand what is being presented and can
ask the facilitator for explanations when they have questions
(Rodrigues et al., 2017). The objective is that, at the end
of the session, everyone will be able to reproduce the steps
performed and solve the kata on their own at another time
(Bache, 2013; Sato et al., 2008).

Randori/Paired Session. The basic dynamics of a dojo
session in this format are illustrated in Figure 3.

Figure 3. Dynamics of the Randori format

According to Bache (2013) and Rodrigues et al. (2017),
in this format a single computer is used, where the kata is
solved and whose screen is projected in the room. At the
start of the session, a pair (pilot and copilot) is chosen to be-
gin solving the kata and a pair exchange strategy is defined.
During execution, the pilot controls the keyboard and mouse
and is accompanied by a copilot, who assists him in inspect-
ing what is being created and giving suggestions. Pilot and
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copilot must interact and explain what they are doing so that
everyone can follow and understand their actions. In turn, the
audience must pay attention to the actions of the pair and pro-
vide support when requested (usually when the pair does not
know what to do). The facilitator performs the activities pre-
sented in Section 4.2.2 (e.g., ensures that the dojo rules are
being followed, moderates discussions, and presents exam-
ples/tips when necessary).
To ensure that participants can play different roles in the

same session, moments of pair exchange are held. Timebox
(represented in Figure 3 by the clock and red dotted arrows)
is a common strategy for exchanging pairs: each pair works
on the kata for a short period (five to ten minutes); at the end
of this time, the pilot returns to the audience, the copilot starts
to act as pilot, and a participant from the audience joins the
new pilot and starts to act as copilot (Gaertner, 2010).
Finally, according to Bache (2013), the Randori format is

more suitable for groups of four to ten participants since a
larger number canmake discussions extensive and reduce the
time each participant can work as a pilot.

Kake. In this format participants are organized into multi-
ple pairs and work simultaneously on the same kata on differ-
ent computers. Due to this characteristic, Kake eliminates a
problem that can occur in Randori when a session has many
participants: the idleness of the audience for long periods
(Rodrigues et al., 2017).

Figure 4. Dynamics of the Kake format

Figure 4 illustrates the dynamics of the Kake format,
where it is possible to notice the existence of multiple pairs.
The roles of pilot and copilot are maintained (as in Randori),
but the cycle of interactions (which occur in the pair during
the cycle and lasts a few minutes) is a little different: at the
end of each round, participants who played the role of pilot
become copilots in another pair; copilots stay at the same
workstation, but now working as pilots; participants are en-
couraged to form new pairs each round. The facilitator, when
existing, performs the functions described in Section 4.2.2.

5 Methods
This section describes the research methods, including the
study goal, research questions, and details about the defini-
tion and evaluation of ADoTe.

5.1 Goal and research questions
As previously stated, this work aims to define and evaluate an
approach supported by testing dojo to teaching and learning
functional testing technique criteria in higher education. We
seek answers to the following research questions (RQs):
RQ1: How to define an approach3 supported by test-

ing dojo to teaching and learning functional testing tech-
nique criteria in higher education? Through this RQ we
seek to determine the elements (e.g., moments, dynamics,
and guidelines) the new approach must have and the relation-
ship between them, aiming to maximize the approach results
in terms of supporting the teaching and learning of functional
testing technique criteria.
RQ2: Is the learning of students who study func-

tional testing technique criteria through an approach sup-
ported by testing dojo greater than the learning of those
who study the same content through a traditional teach-
ing4 approach? This RQ aims to evaluate the impact of the
new approach on student learning. The results may indicate
the applicability (or not) of the approach and howmuch it dif-
fers from traditional teaching (which is usually used in higher
education for teaching this content) regarding this variable.
RQ3: Is the motivation of students who study func-

tional testing technique criteria through an approach sup-
ported by testing dojo greater than the motivation of
those who study the same content through a traditional
teaching approach? This RQ aims to evaluate the impact
of the new approach on student motivation. Since students
often report low motivation and interest in learning software
testing, better results for the new approach may indicate that
it helps to solve this problem.
The approach definition (related to RQ1) and evaluation

(related to RQ2 and RQ3) processes are presented in sections
5.2 and 5.3, respectively.

5.2 Approach definition
To answer RQ1, we first sought to understand what already
existed in the literature regarding dojos in computing, to iden-
tify positive and negative aspects of the topic, so that these
could be considered when defining the approach. To this pur-
pose, we conducted the SLM detailed in Section 2.
The analysis of the studies identified in the SLM made it

possible to understand how dojos have been used for teach-
ing and learning computing topics (e.g., dojo structure, for-
mats, and roles; exposed in Subsection 4.2). Furthermore, the
synthesis of the reported results allowed the identification of
both positive and negative/challenging aspects related to do-
jos (summarized in Subsection 2.3).
Considering the SLM findings and literature information

(especially from foundation works and references identified
through the studies from the SLM of Section 2) on software
testing and active, collaborative, and cooperative learning, it
was established which elements the approach should contain

3In this study, the term approach refers to the way or method used to
plan, implement, and evaluate a teaching and learning process.

4Traditional teaching is typically defined as an approach in which the
student passively receives information from an instructor (Prince, 2004).
This approach is also known as conventional teaching.
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(see Section 6) and then defined ADoTe. Moreover, the anal-
ysis of the results of a controlled experiment (see Section 5.3)
made it possible to evaluate and improve the approach. The
final version of ADoTe is presented in Section 6.

5.3 Approach evaluation
According to Wohlin et al. (2012), in Software Engineering
new proposals must be not only suggested but also compared
to existing ones. Experimentation makes this possible, as
it “provides a systematic, disciplined, quantifiable, and con-
trolled way of evaluating human-based activities” (Wohlin
et al., 2012, p. 5). Thus, to answer RQ2 and RQ3 two execu-
tions of a controlled experiment were conducted.
The experiment was planned by the first author and, be-

fore its application, validated and reviewed by the second and
third authors, two professors with experience in Software En-
gineering teaching and research (including software testing
and dojos). Two executions were conducted because, aiming
to enrich the results of the study, (a) we sought to obtain a
larger sample (number of participants), which would not be
possible in the context of the research by conducting just one
execution and (b) to validate the cyclical structure of ADoTe
(detailed in Section 6) we wanted to consider the outputs
from the first execution (which, in a certain way, can also
be considered a pilot study, since we were unable to conduct
a prior execution to those described in this work, especially
due to time limitations and definitions of the ethical project)
in a subsequent execution.
The decisions related to the experimentation process are

presented in sections 5.3.1 to 5.3.3. The experimental pack-
age (which contains all the instruments mentioned in the next
sections and the detailed description of treatments) is avail-
able in an open repository5.
Regarding ethical aspects, this study was evaluated and

approved by a Research Ethics Committee. Approval can
be verified on Plataforma Brasil6 by consulting the Certifi-
cate of Presentation for Ethical Assessment (CAAE) number
69036823.2.0000.5547.

5.3.1 Experimental design

This section describes the outcome of the scoping and plan-
ning stages.

Goal. The goal of the experiment was: analyzeADoTe and
a traditional teaching approach, for the purpose of evalua-
tion, with respect to student learning and motivation, from
the point of view of the researcher, in the context of higher ed-
ucation students (from Computer Science or related courses)
who are studying functional testing technique criteria.

Context and subjects. Two executions of the experiment
were conducted, both in a real teaching and learning context:
in the classroom, with higher education students (legally ca-
pable and aged 18 or older) who were enrolled in a subject in
which functional testing technique criteria are often taught.
The technique used for subject selection was convenience

sampling. Participants were recruited from two Software En-
gineering classes (2023/1 and 2023/2, i.e., from different

5https://zenodo.org/doi/10.5281/zenodo.10510437
6https://plataformabrasil.saude.gov.br

semesters), both under the responsibility of the third author
of this work and offered in an Information Systems course at
a Brazilian federal university. Students who agreed to partic-
ipate in the study and met the criteria set out in the previous
paragraph were admitted.

Hypotheses. For each research question (RQ2 and RQ3)
were formulated at least: (a) a null hypothesis (H0), assum-
ing the absence of a significant difference (to a given effect
under study) between ADoTe and the traditional teaching ap-
proach; and (b) an alternative hypothesis (H1), assuming the
existence of a significant difference between the approaches.
The hypotheses for RQ2 were:

2H0 : µ Learning ADoTe
= µ Learning Traditional

2H1 : µ Learning ADoTe
̸= µ Learning Traditional

To measure learning, two knowledge tests were applied:
one before (pre-test) and another after (post-test) participants
were submitted to the approaches. The final scores of stu-
dents on a given test were equal to their number of correct
answers. In turn, the learning of students was calculated as
the difference between their final scores in the post-test and
pre-test. Finally, µ Learning corresponded to the mean of the
learning values obtained by the students submitted to a cer-
tain approach.
The hypotheses for RQ3 were:

3H0 : µ Motivation ADoTe = µ Motivation Traditional

3H1 : µ Motivation ADoTe ̸= µ Motivation Traditional

To measure motivation, a questionnaire named Intrinsic
Motivation Inventory (IMI) was used. IMI is a multidimen-
sional measuring instrument that evaluates the subjective ex-
perience of participants in experiments concerning a given
activity (CSDT, 2023; McAuley et al., 1989). IMI was cho-
sen due to (a) the absence of a psychologist to measure the
motivation of each participant during the experiment, (b) the
reliability of the instrument, since it was already validated
in several studies in the field of psychology (CSDT, 2023),
(c) the malleability of its items (which allows its adaptation
to different types of activities) and simplicity in constructing
the questionnaire (CSDT, 2023; McAuley et al., 1989), and
(d) its use in other research on software testing education,
such as the study by Jesus et al. (2019).
According to CSDT (2023), the IMI is composed of

items/statements organized into subscales. The IMI question-
naire used in this work covered five7 subscales: (1) inter-
est/enjoyment (the self-report measure of intrinsic motiva-
tion, an important type of motivation in educational con-
texts; assesses the interest/enjoyment of participants in doing
the activity); (2) perceived competence (positive predictor
of intrinsic motivation; evaluates how competent the partici-
pants perceived themselves when carrying out the activity);
(3) pressure/tension (negative predictor of intrinsic motiva-
tion; measures how pressured/tense participants felt while

7The full version of IMI has seven subscales. In this study, we chose
not to include the subscales known as perceived choice (since participation
in the experiment was optional and, therefore, all participants chose to do
the activities) and relatedness (since the validity of this subscale has yet to
be established). This type of adaptation is allowed and valid, as reported in
(CSDT, 2023).
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performing the activity); (4) effort/importance (assesses the
perception of applied effort of participants, how important
it was to themselves to perform the activity well); and (5)
value/usefulness (evaluates the perception of participants
about the value/usefulness of the activity). In this work, we
used all the items/sentences from the subscales above, main-
taining their original descriptions from the version of interest
to this study, the “The post-experimental Intrinsic Motiva-
tion Inventory” (CSDT, 2023).
Motivation results were calculated according to CSDT

(2023) guidelines, as follows: (a) participants evaluated each
questionnaire item using a 7-point Likert scale (values from 1
to 7); (b) the score of an item was the value attributed to it by
the participant, except for itemswith reversemeaning, whose
score corresponded to the modulus of the outcome of sub-
tracting the value chosen by the participant from the constant
8 (e.g., the score of a reverse item valued 2 was |2 − 8| = 6);
(c) the result of a participant for a given IMI subscale corre-
sponded to the mean of the scores obtained for its items; and
(d) the motivation of a participant was defined as the sum
of the subscales results (inverting pressure/tension, as it is a
negative predictor of motivation).
Since the results for each subscale were calculated sepa-

rately, as described in step (c), it was also possible to test hy-
potheses for subscales individually, allowing a better under-
standing of the results. Therefore, specific hypotheses were
defined for each of the factors considered in the IMI, as pre-
sented in Table 1.
Finally, to test 3H0 and 3H1, µ Motivation corresponded to

themean of themotivation values (i.e.,µ INT+µ CMP−µ PRS+
µ EFF + µ VAL) from students submitted to a certain approach
(AdoTe or traditional).

Variables and design type. The variables of an experi-
ment can be: (a) independent: also known as input variables,
they must be controllable and have some effect on the de-
pendent variables; or (b) dependent: also known as output
variables, they are affected by the independent variables and
represent the effect/result of the experiment.
The independent variables of this study were:

• Teaching and learning approach: corresponds to what
was performed and used (e.g., practices, artifacts, and
interactions) to promote the teaching and learning of
functional testing technique criteria. This variable is di-
rectly related to the experiment design: one factor (the
approach used for teaching and learning) with two treat-
ments (listed below and detailed here5). Furthermore, a
completely randomized design was used, since the sub-
jects were assigned to the same objects (e.g., content
and exercises), but randomly to a single treatment:

– Treatment A (applied to the experimental group):
teaching and learning occurred through ADoTe.

– Treatment B (applied to the control group): teach-
ing and learning occurred through a traditional
teaching approach.

• Academic Performance Coefficient (APC)8: since stu-
8APC is an index used by the university where the experiment took

place to measure the overall academic performance of students on the
course.

dents with higher APC tend to obtain better learning
results, in each execution of the experiment students
were randomly assigned — following the principles of
randomization, blocking, and balancing (Wohlin et al.,
2012) — to two groups (experimental and control) bal-
anced regarding the APC of their members and the num-
ber of participants.

The dependent variables were:
• Learning: corresponds to how much the participants
could learn from the treatment to which they were sub-
mitted. As previously stated, this variable wasmeasured
through knowledge tests. Since the learning of a student
was calculated as the difference between his/her final
scores (0 to 10) in the post-test and pre-test, learning
values may vary from -10 to 10 (worst and best results).

• Motivation: the level of motivation of the participant re-
garding the activities performed in the experiment. As
motivation was measured using the IMI questionnaire,
the aspects assessed by the subscales of this instrument
can also be considered dependent variables. For each
IMI subscale, results may vary from 1 to 7 (the closer
to 7 the better; except for PRS, which has the opposite
behavior). In turn, since the motivation of a participant
was defined as the sum of the subscales results (invert-
ing pressure/tension), motivation may vary from -3 to
27 (worst and best values, respectively).

Instrumentation. The objects, guidelines, and measure-
ment instruments used were:

• Free and Informed Consent Form (ICF): used to de-
scribe the research to the recruited subjects and collect
the consent of participants about their collaboration.

• Participant characterization questionnaire: used to
characterize the profiles of the participants based on six
closed questions about their age, gender, course, profes-
sional experience, and prior level of knowledge about
functional testing technique criteria.

• Retrospective questionnaire: composed of three open
questions, it was used to collect the perceptions of par-
ticipants about what went well or not in the activity (fa-
voring or hindering their learning), as well as improve-
ment suggestions.

• Instrument for measuring motivation: as already men-
tioned, an IMI questionnaire was used.

• Instruments for measuring learning: as previously
stated, knowledge tests were applied: a pre-test (to as-
sess the prior knowledge of participants about the con-
tent) and a post-test (to assess the knowledge of partici-
pants after their submission to an approach). Both tests
comprised ten multiple-choice questions and evaluated
theoretical and practical knowledge. To reduce biases
that could occur due to a greater number of correct an-
swers as a result of the random choice of answers, each
question presented an escape alternative (e.g., “I don’t
know”) and participants were instructed to choose it if
they did not know the answer.

• Materials/objects used to teaching and learning: sup-
ported the teaching and learning process and varied ac-
cording to treatments. They included:
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Table 1. Hypotheses associated to the IMI subscales

IMI subscale Null hypothesis (H0) Alternative hypothesis (H1)
Interest/enjoyment (INT) 3.1H0 : µ INT ADoTe = µ INT Traditional 3.1H1 : µ INT ADoTe ̸= µ INT Traditional

Perceived competence (CMP) 3.2H0 : µ CMP ADoTe = µ CMP Traditional 3.2H1 : µ CMP ADoTe ̸= µ CMP Traditional

Pressure/tension (PRS) 3.3H0 : µ PRS ADoTe = µ PRS Traditional 3.3H1 : µ PRS ADoTe ̸= µ PRS Traditional

Effort/importance (EFF) 3.4H0 : µ EFF ADoTe = µ EFF Traditional 3.4H1 : µ EFF ADoTe ̸= µ EFF Traditional

Value/usefulness (VAL) 3.5H0 : µ VAL ADoTe = µ VAL Traditional 3.5H1 : µ VAL ADoTe ̸= µ VAL Traditional

– For both groups: a video and a set of slides
about testing concepts and functional testing tech-
nique criteria, specifically equivalence partition-
ing, boundary value analysis, and systematic func-
tional testing. These three criteria were chosen be-
cause the first two are the most used in Brazilian
companies (Melo et al., 2022), and, together with
the third one, they are also the most approached
in higher education computing-related courses of-
fered around the world (Melo et al., 2020).

– For the experimental group: an online form with
katas related to the three testing criteria mentioned
above, a dynamic online presentation (with expla-
nations about testing dojos and resources that al-
lowed participants to share their responses to the
katas), and a development environment.

– For the control group: a list of exercises (the same
organized as katas for the experimental group) and
an answer sheet (containing detailed solutions to
the exercises, written by the researchers).

Regarding the selection of the dojo formats and katas used
in the experimental group:

• The three dojo formats mentioned in Subsection 4.2.4
were used in the experiment because (a) we considered
that the dynamics of Prepared Kata (used to solve the
first activity) would be themost appropriate to introduce
the participants to the content and the dojo itself, since
this format is simpler, closer to the teaching-learning
model that students were used to, and expose them less
to their peers (which could minimize possible discom-
forts and help them to build confidence for other dojo
formats). However, as using only Prepared Kata could
make the activity monotonous (since the role of facil-
itator was performed by the teacher), to solve the sec-
ond kata and the following ones the Randori and Kake
formats were used, allowing participants to act more ac-
tively; and (b) collecting the perceptions of participants
about the dynamics of different dojo formats could en-
rich the results and discussion of the study.

• Aiming to maximize student learning, the katas were
created by the authors of this study so that the activities
could be good representatives for each testing criteria,
could have descriptions related to the same context, and
be organized in a progressive order of complexity. Fur-
thermore, the katas covered several stages of a testing
process (e.g., test design, automation, and execution, as
will be detailed in Section 6) so that students could have
a more complete learning experience.

5.3.2 Experiment executions and data collection

Experiment executions took place at university labs, during
class periods. Each execution was conducted in two days: the
first on June 12th and 19th, 2023, and the second on October
16th and 23rd, 2023. For comparability, the same test was
administered to both classes/executions, as detailed below.
Initially, students were invited to participate in the re-

search, whose details were explained to them by the first au-
thor through a guided reading of the ICF. The students who
agreed to collaborate with the study filled out the ICF and,
after the consent collection, execution began.
On the first day, the activities shown in the upper lane of

Figure 5 were carried out. The activities and the time9 al-
located to them in each execution are next described. First,
students filled out the participant characterization question-
naire (5 min) and the knowledge pre-test (40 min in the first
execution — hereinafter referenced as 1E — and 30 min in
the second execution — hereinafter labeled 2E). Then, they
were submitted to the first part of the treatments (the same
for both), which had a theoretical focus: a video (25 min)
about testing concepts and functional testing technique cri-
teria followed by a moment of discussion, where students
could question the researchers about the content (20 min in
1E and 30 min in 2E).
On the second day, the activities shown in the lower lane of

Figure 5 were conducted. Each participant was allocated to
the control or experimental group (15 min in 1E and 10 min
in 2E). After moving to separate laboratories, each groupwas
submitted to the second part of their appropriate treatments,
which had a practical focus:

• Experimental group: first, the dojo introduction (7 min)
and the initial agreements (3 min) were carried out.
Next, four katas were solved during the dojo execution
(50 min in 1E and 90 min in 2E): the first using the Pre-
pared Kata format, the second and third using Kake, and
the last using Randori. Finally, students filled out the
retrospective questionnaire (10 min).

• Control group: each student initially solved a list of ex-
ercises (the same organized as katas for the experimen-
tal group) individually (40 min in 1E and 60 min in
2E). Then, an answer sheet was made available to the
students, who could compare their answers to those on
this document and question the researcher who accom-
panied the group about the exercises (20 min in 1E and
40 min in 2E). Finally, students filled out the retrospec-
tive questionnaire (10 min).

9Time is expressed in minutes. For some activities, it differs between
the first (1E) and second execution (2E) because the 2E times were adjusted
based on the perceptions of the researchers and participants regarding 1E.
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Figure 5. Experiment execution

After that, participants answered the IMI questionnaire (10
min) and the knowledge post-test (40 min in 1E and 30 min
in 2E), which was the last activity of the execution process.

5.3.3 Data analysis procedure

In this work, quali-quantitative analyses were conducted.

Quantitative analysis. Carried out on the data collected to
answer RQ2 and RQ3, i.e., data from the knowledge tests and
the IMI questionnaire, respectively. The quantitative analysis
included the following steps:

1. Calculation of the learning andmotivation results (using
the formulas described next to the hypotheses in Section
5.3.1).

2. Data characterization using descriptive statistics: to un-
derstand general aspects of the distribution of results,
descriptive statistics (e.g., minimum, maximum, me-
dian, first and third quartiles, mean, variance, and sam-
ple standard deviation values) were calculated and ana-
lyzed along with box plots.

3. Data set reduction: outliers were identified, analyzed
and, when appropriate, removed from the data set.

4. Hypothesis testing: first, Shapiro-Wilk test10 (Shapiro
and Wilk, 1965) was used to test the data for normality.
In the case of a normal/Gaussian distribution, Student’s
t-test was applied next; otherwise, the Mann-Whitney
test was used. After applying the statistical tests, it was
possible for each pair of hypotheses: (a) if p-value ≤ α
(0.05), reject the null hypothesis, concluding the exis-
tence of a statistically significant difference between the
treatments; or (b) if the null hypothesis could not be re-
jected (p-value > α), conclude that there is no statisti-
cally significant difference between the treatments.

5. Finally, when p-value≤ α, the effect size (i.e. the practi-
cal significance of the result) was calculated. This study
used Hedges’ gs (Lakens, 2013), whose values were in-
terpreted according to the ranges by Cohen (1988).

10BioEstat software (https://www.mamiraua.org.br/downloads/programas;
version 5.3) was used for statistical tests. A confidence interval of 95%
was adopted (significance level α ≤ 0.05).

Qualitative analysis. According to Seaman (2008), quali-
tative methods enable richer and more informative analyses
of variables that are difficult to quantify, such as human per-
ceptions. Additionally, qualitative data are useful in supple-
menting the quantitative data obtained from an experiment
(Robson and McCartan, 2016). Therefore, in this work quali-
tative analysis was used to better understand the perceptions
of participants regarding ADoTe. To this purpose, the an-
swers of the experimental group to the retrospective ques-
tionnaire were evaluated through a thematic analysis (Rob-
son and McCartan, 2016) composed of the following steps:

1. Data familiarization and validation: the answers were
read by the researchers and inconsistent data was re-
moved (e.g., answers resulting from incorrect interpre-
tation of questions).

2. Code generation: relevant excerpts from the answers
(i.e., those related to what was being investigated) were
associated with codes (identifiers) that represented top-
ics of interest for analysis. This action was carried out
iteratively and systematically across the entire data set,
with the same codes being assigned to excerpts with
equivalent meaning.

3. Identification of themes: the codes were grouped into
larger categories called subthemes and themes. Such
categories were defined through an iterative process that
encompassed the analysis of codes and the search for re-
lationships between them that were relevant to the top-
ics investigated (i.e., positive and negative aspects of
ADoTe, as well as improvement suggestions for it).

4. Integration and interpretation: considering the results of
the previous steps, data was interpreted by comparing
the excerpts with each other, identifying patterns, and
verifying their relationship with literature and the ele-
ments of ADoTe. This step was also supported by the
integration of data into tables and diagrams.

6 ADoTe
The approach was named “Approach to teaching and learn-
ing functional testing technique criteria supported by Testing
Dojo” (in Portuguese, “Abordagem para o ensino e apren-
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dizagem de critérios de teste da técnica funcional apoiada
por Dojo de Teste”), whose abbreviation is ADoTe.
First, it is important to mention that ADoTe is not com-

pletely prescriptive. The authors understand that, when or-
ganizing a teaching and learning process, teachers must con-
sider at least: (a) their own experience; (b) the learning ob-
jectives to be achieved (i.e., what students must know and
be able to accomplish at the end of the process); and (c) the
teaching and learning context (e.g., the profile and number
of students in their classes and the time available to teach-
ing). Thus, instead of exhaustively describing what should be
done, it was considered more appropriate to provide through
ADoTe a base structure that guides how the teaching and
learning process should occur, but that allows teachers to in-
stantiate the approach according to their contexts, aiming to
maximize its results.
Figure 6 illustrates the base structure of ADoTe, whose ac-

tivities are organized into four stages — plan, do, check, and
act —, a definition based on the PDCA cycle, an “iterative
method for conducting improvement activities” (Carpinetti
and Gerolamo, 2016, p. 13). The decision of organizing
ADoTe activities in these stages occured due to the follow-
ing reasons: (1) as identified in the results of the SLM de-
tailed in Section 2, for the dojo to be effective, it is necessary
to carry out prior planning (de Oliveira et al., 2018); and
(2) the retrospective moment of dojos aims to allow reflec-
tions on the activity, but also to enable improvements on it
(Gaertner, 2010). However, since it does not prescribe a mini-
mum structure, it may end up not fulfilling the latter function
(e.g., if improvement actions are suggested, but not planned
and implemented). Furthermore, since the retrospective oc-
curs for just a few minutes at the end of the dojo session, the
teacher’s assessment of teaching and learning results may be
limited if carried out only at that moment. Thus, in addition to
the execution of the teaching and learning activities, we also
perceived the need for formal moments of planning and con-
trol/action for continuous improvement. The PDCA cycle is
a method already consolidated in other areas of knowledge
and includes stages related to such needs, and, therefore, we
concluded that it would be beneficial to organize ADoTe ac-
tivities in the four stages of a PDCA cycle. Consequently,
when carried out cyclically, these stages enable teachers to
plan the teaching and learning process, execute it, evaluate
it, and, after that, consolidate their knowledge about the pro-
cess and improve it, if necessary, for new executions.
Studies mention a supposed inefficiency and insufficiency

of traditional approaches (usually theoretical-expository) in
software testing teaching (Jesus et al., 2019). According to
them, when just such approaches are used it is difficult for
teachers to motivate the students and transmit in-depth and
practical knowledge (Costa and Oliveira, 2019; Gomes and
Lelli, 2021). Thus, given the need to support a more ac-
tive, practical (Elgrably and Oliveira, 2022b; Scatalon et al.,
2018), and motivating (Garousi et al., 2020b) teaching, the
use of testing dojos was suggested in this work. However,
according to Luz et al. (2013), dojos would not replace theo-
retical classes, but their combined use would be positive. Ad-
ditionally, for Sato et al. (2008), dojos can complement tradi-
tional teaching methods. Considering the above, we realized
that ADoTe should cover theoretical and practical aspects.

Figure 6. Base structure of ADoTe

Therefore, its planning and execution stages were organized
around two moments (highlighted in Figure 6) of teaching
and learning:

• M1: this moment has a theoretical focus. In M1, con-
cepts of software testing and functional testing tech-
nique criteria must be presented to the students. The
goal is to introduce them to the subject, as well as pro-
vide them with the theoretical basis necessary for M2.
The content can be presented through an expository
class supported by resources such as slides or videos.
Students should also be allowed to question teachers.

• M2: this moment has a practical focus. M2 must occur
after M1 (not necessarily on the same day) through the
execution of one or more testing dojo sessions focused
on practical exercises about functional testing technique
criteria.

In the dojo sessions from M2 participants play roles and
are involved in dynamics that are adherent to active, collabo-
rative, and cooperative learning strategies (the alignment of
ADoTe with these strategies is detailed in Table 2), since the
katas are solved through the involvement of all participants,
in a practical, collaborative, and non-competitive way. Fur-
thermore, the guidelines of ADoTe (presented later in this
section) include recommendations for ensuring the practi-
cal, collaborative, and cooperative nature of dojos in the ap-
proach, reinforcing the importance of these aspects. Conse-
quently, it is expected that ADoTe can lead to positive results
in student learning and motivation, such as those reported by
Gehringer (2007) and McConnell (2005) for the other strate-
gies aforementioned.
At the top of Figure 6 supporting elements are presented,

which are input artifacts to the stages of ADoTe, must be con-
sidered in their activities, and can be related to one or more
moments of the approach (the relationships are indicated by
arrows in the figure). The basic elements to be considered
are: (a) the teacher’s experience, the learning objectives, and
the teaching and learning context, as mentioned at the begin-
ning of this section; (b) the content to be taught (i.e., software
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Table 2. Alignment of ADoTe with active, collaborative, and cooperative learning strategies

Learning
Strategy

Theoretical Principle
(Prince, 2004)

Implementation in ADoTe

Active
learning

Students actively en-
gaging in classroom
(e.g., solving problems,
discussing, analyzing,
creating...) instead of
just listening

- In the moment M2 of ADoTe, students solve problems/katas actively. When playing roles such as pilot,
copilot, and audience (see Subsection 4.2) they do not just act as listeners, but ask questions, discuss the
actions necessary to solve the katas, take notes about the activity, and participate directly in the construction
of the solutions (e.g., using the keyboard and mouse).
- Guidelines such asG1,G3, andG5 include recommendations that help to ensure active student participation,
since they reinforce the structure, roles and behaviors expected for M2.

Collaborative
learning

Students collaborating/
acting as a group instead
of acting alone

- In the moment M2 of ADoTe, students solve katas collaboratively, as a group. The attributions of each role
and the dynamics of the dojo formats (see Subsection 4.2) promote knowledge sharing and the resolution of
katas in a collective manner.
- Guidelines such as G1 and G3 include recommendations that help to ensure collaboration.

Cooperative
learning

Students cooperating in-
stead of competing

- In themomentM2 of ADoTe, students solve katas cooperatively (not competitively). The attributions of each
role and the dynamics of the dojo formats encourage relationships of mutual assistance between the students
(e.g., the audience, when necessary, and the copilot help the pilot in the construction of the kata solution).
- Guidelines such as G1 and G3 include recommendations that help to ensure cooperation.

testing, focusing on functional testing technique criteria); (c)
a set of guidelines (presented below) on how M1 and M2
should be planned and executed; and (d) knowledge about
katas and dojos (see Subsection 4.2)11.
The guidelines (G) to be considered in the planning and ex-

ecution of M2 (some also applicable to M1) were initially
defined based on the analysis of the results of the SLM de-
scribed in Section 2 and, subsequently, refined and validated
based on the results of the experiment conducted to evaluate
ADoTe (see Section 7). The guidelines are:

G1: In order not to mischaracterize the dojo (especially its
practical, collaborative, and cooperative nature), the
teacher should follow the basic dojo definitions and
structure (presented in subsection 4.2). Furthermore, it
is important to reinforce: (a) the cooperative nature of
the activity, if competitiveness is noticed between the
participants; and (b) the fact that students are expected
and allowed to make mistakes throughout the learning
process (to reduce discomforts that can be caused by in-
teractions or exposure in the activity).

G2: The role of facilitator must be played by a teacher or pro-
fessional with knowledge about functional testing tech-
nique criteria. This person must mediate the dojo and
provide the necessary explanations, models, and exam-
ples so that students can work on the katas.

G3: If the facilitator notices that a participant is not able to
act actively in the dojo (e.g., due to excessive collabo-
ration from other students with more knowledge or ex-
perience) he/she must intervene to ensure that everyone
can share their opinions with the group.

G4: When defining the dojo formats to be used, the amount
of facilitation, and the katas to be worked on in a ses-
sion, the teacher must consider the guidelines of ADoTe
and the teaching and learning context (e.g., the time
available for teaching and the profile and number of stu-
dents).

G5: When using a dojo format with multiple roles (e.g., pi-

11If necessary, teachers can complement their knowledge about katas
and dojos with supplementary material (e.g., books and articles) or by par-
ticipating in dojo sessions promoted by other professionals. We also believe
the use of ADoTe over time will expand the knowledge of the teacher about
these topics through practical experience.

lot, copilot, and audience) it must be ensured that each
participant can play each role at least once.

G6: Attention must be paid to the size of the steps used to
solve the katas: they must be small enough for partici-
pants to be able to follow what is being done, but not so
small as to cause the feeling of lack of progress.

G7: The time allocated to a cycle/round of work on a kata
must be proportional to the difficulty and size of the ac-
tivities to be carried out on it (also keeping in mind the
concept of baby steps). As the definition of this time is
not trivial, it is suggested that, when conducting multi-
ple dojo sessions, teachers must pay attention to the per-
ceptions of participants about the time of each round, so
they can adjust it accordingly from a historical basis.

G8: Katas must be solved in a non-decreasing order of diffi-
culty. Furthermore, if there is time for multiple sessions,
it is recommended to solve katas with different and in-
creasing levels of difficulty in each one.

G9: The facilitator should provide feedback to participants
regarding their solutions for a kata (after each round,
for example), so that they can correct misunderstand-
ings and, when using dojo formats with multiple pairs
(as Kake), maintain joint progress in the activity.

G10: An adequate infrastructure must be ensured (to avoid
problems related to this aspect, such as difficulties in un-
derstanding due to low quality of audio or video). When
projecting the computer screen in the room, it must be
ensured that participants can view the content without
difficulty. Therefore, attention should be paid to the font
size of materials. Students should also be instructed to
inform the teacher/facilitator if they are unable to see
something (in this scenario, appropriate actions must be
taken to solve the problem). This guideline is also appli-
cable to M1.

Finally, the activities of ADoTe must occur in this order:

• Plan: the planning stage includes the definition of what
will be done in M1 and M2 and how their actions will
be conducted. At the end of M2, a retrospective must
be performed (it can be based on the examples of sub-
subsection 4.2.3, but must be adapted to evaluateM1 in
addition to the dojo/M2).
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• Do: includes the execution of M1 and M2 according
to the definitions of the previous stage. In M2, at least
the typical moments of a dojo session must be carried
out: introduction, initial agreements, execution, and ret-
rospective.

• Check: relates to the evaluation of the teaching and
learning process and its results (to determine whether
the learning objectives were achieved and identify as-
pects to be maintained or improved). Teachers must
check the results of the retrospective and instruments
that have been used (e.g., activities and tests). They
can also consider their perception of what was accom-
plished and the behavior and performance of students.

• Act: considering the outcomes of the previous stage,
activities that support new teaching and learning mo-
ments must be executed, improving themwhen possible.
Therefore, it must be: (a) maintained or reinforced posi-
tive aspects; (b) planned and implemented improvement
actions (if necessary and possible); and (c) documented
information that is relevant to future uses of ADoTe.

Considering the above, and complementing the differ-
ences already described in Section 3, we can state that
ADoTe differs from other dojo approaches used in various
contexts since it presents a base structure that has not yet
been reported in other studies. Furthermore, by including in
its structure the formal use of a PDCA cycle, a set of guide-
lines, and moments such as M1 — defined based on results
from the literature and from the experiment conducted in
this research, as already described in this section —, ADoTe
presents elements that can help avoid or at least reduce the
problems/challenges regarding dojos reported in other stud-
ies (described in Section 2.3).
A detailed instance of ADoTe can be found in the exper-

imental package5, where information covering the planning
and execution stages is exposed. Following the structure and
guidelines of ADoTe, in this instance M1 includes the re-
production of a video about testing concepts and functional
testing technique criteria followed by a moment of discus-
sion, where students could question the researchers about the
content. In turn, M2 includes a dojo session with katas that
are focused on functional testing technique criteria and cover
several stages of a testing process: test design, automation of
test cases (using JUnit 512), and test execution (manually and
in an automated way, including the comparison of the results
obtained with those expected and the recording and analysis
of failures). As this instance was used to evaluate ADoTe, in
Section 7 are presented examples of the evaluation and action
stages of the approach.

7 Results
This section describes the results of the executions of the ex-
periment. Subsection 7.1 presents the characterization of par-
ticipants. Subsections 7.2, 7.3, and 7.4 expose the learning,
motivation, and retrospective results, respectively.

12https://junit.org/junit5/

7.1 Characterization of participants
Forty four students participated in the experiment, twenty-
two in each execution.
In the first execution nineteen (86.4%) students declared

themselves to be male, two (9.1%) to be female, and one
(4.5%) preferred not to indicate gender. In the second exe-
cution nineteen (86.4%) declared themselves to be male and
three (13.6%) to be female.
The ages of the participants from the first execution ranged

from 20 to 29 years old, with median and mode equal to 22
years old. In the second, ages ranged from 20 to 32 years old,
the set of ages was bimodal (modes equal to 21 and 24), and
the median was 23 years old.
Regarding academic background, in the first execution

twenty participants (90.9%) were from an Information Sys-
tems (IS) course and two (9.1%) from Computer Engineer-
ing (CE). In the second, seventeen (77.3%) were from an IS
course and five (22.7%) from CE. As shown in Figure 7, in
both executions most students were in the final periods of
their courses, since IS was an eight-period course and CE a
ten-period course.

Figure 7. Course periods of participants

The professional experience of participants with software
testing (results in Figure 8) ranged, in the first execu-
tion, from none (fourteen participants; 63.6%) to more than
six years (eight participants already had some experience;
36.4%). In the second execution the professional experience
was equal to none (sixteen participants; 72.7%), up to two
years (five participants; 22.7%), or ranging from two to four
years (one participant; 4.6%).

Figure 8. Professional experience of participants (software testing)
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Finally, regarding the level of prior knowledge of partic-
ipants about the functional testing technique criteria known
as equivalence partitioning, boundary value analysis, and sys-
tematic functional testing (results in Figure 9): (1) in the first
execution, the majority of respondents (sixteen; 72.7%) had
only theoretical knowledge on the topic, three (13.6%) had
already applied at least one of these criteria in the industry,
two (9.1%) reported not knowing the topic and one (4.5%)
had already applied (in practice) one or more of the criteria
at university, but never professionally; and (2) in the second
execution, the majority of respondents (fifteen; 68.2%) re-
ported not knowing the topic, six (27.3%) had only theoret-
ical knowledge, and one (4.5%) had already applied at least
one of these criteria in the industry.

Figure 9. Prior knowledge of participants about functional testing technique
criteria

The demographic results exposed above are discussed in
Subsection 8.1.

7.2 Learning results
The learning results evidenced for the participants of the
experimental (GE) and control (GC) groups (both of size
n = 11 in each execution) were: (1) in the first execution,
GE = {0, 0, 1, 1, 1, 1, 2, 3, 3, 4, 6}, GC = {-1, 0, 0, 0, 1, 1,
2, 2, 2, 5, 5}; and (2) in the second execution, GE = {2, 2, 3,
3, 4, 4, 5, 6, 7, 7, 8},GC = {-1, 0, 3, 3, 3, 4, 4, 6, 6, 6, 7}. The
distributions of these results are exposed in Figures 10 and
11 (data from the first and second executions, respectively).

Figure 10. Distributions of learning results — 1st execution

Figure 11. Distributions of learning results — 2nd execution

Analyzing the box plots of Figure 10 it is possible to no-
tice that, in the first execution, in both groups (each one of
sizen = 11) themajority of the results were positive. Results
equal to zero were also verified in GE and GC , while nega-
tive ones occurred just in GC . The minimum learning values
were−1 forGC and 0 forGE , which indicates that the worst
learning result was from a participant of GC . The maximum
value was higher in the experimental group (6, compared to
5 in GC), which indicates that the best learning result was
from a participant of GE . The quartiles of GE were equal to
or higher than those of GC and the average learning of GE

(2.0000) was higher than that of the control group (1.5455).
Furthermore, the result set of GE was the most uniform, as
it presented smaller values of variance (s2) and sample stan-
dard deviation (s) (GE : s2 = 3.4000 and s = 1.8439; GC :
s2 = 3.8727 and s = 1.9679).
In turn, through the box plots of Figure 11 it is possible to

notice that in the second execution the results ofGE were all
positive, while in GC there were positive, null, and negative
results. The minimum learning values were −1 for GC and
2 for GE , which indicates that the worst learning result was
from a participant of GC . The maximum value was higher in
the experimental group (8, compared to 7 in GC), which in-
dicates that the best learning result was from a participant of
GE . The quartiles of GE were equal to or higher than those
of GC and the average learning of GE (4.6364) was higher
than that of the control group (3.7273). Furthermore, the re-
sult set of GE was the most uniform, as it presented smaller
values of variance (s2) and sample standard deviation (s)
(GE : s2 = 4.4545 and s = 2.1106; GC : s2 = 6.4182
and s = 2.5334). These results indicate that in both execu-
tions participants submitted to ADoTe obtained, on average,
greater learning than those submitted to the traditional ap-
proach.
To test the hypotheses related to learning (2H0 and 2H1),

data of each execution was first tested for normality with
the Shapiro-Wilk test. The results were (1) in the first exe-
cution, W = 0.8877 and p-value = 0.1733 (for GE) and
W = 0.8763 and p-value = 0.1016 (for GC); (2) in the sec-
ond execution, W = 0.9254 and p-value = 0.4085 (for GE)
and W = 0.9109 and p-value = 0.3179 (for GC). Since the
results for p-value were greater than α (0.05), it was veri-
fied a normal/Gaussian distribution of data in both groups of
each execution. Then, the Student’s t-test for two indepen-
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dent samples was applied (results in Table 3).

Table 3. Student’s t-test results (learning)

Statistics 1st execution 2nd execution
Homoscedasticity Yes Yes

Aggregate variance (s2
a) 3.6364 5.4364
t 0.5590 0.9144

Degrees of freedom (ν) 20 20
p-value (two-sided) 0.5823 0.3714

Power (0.05) 0.1373 0.2323

Confidence Interval (95%) -1.2416 -1.1648
to 2.1507 to 2.9830

Considering data from Table 3, since the results for p-
value (two-sided) were greater than α (0.05), in both execu-
tions it was not possible to reject the null hypothesis (2H0).
Thus, in the experiment it was not evidenced a statistically

significant difference between the treatments for the learning
variable.

7.3 Motivation results
The motivation results evidenced for the participants of the
experimental (GE) and control (GC) groups in each execu-
tion are presented inTables 4 and 5. The descriptive statistics
and the distributions of these results are respectively exposed
in Table 6 and Figure 12 (data from the first execution of
the experiment) and in Table 7 and Figure 13 (data from
the second execution of the experiment). In addition, to al-
low the reader a more detailed understanding of the results,
the means of the answers obtained for each IMI item are pre-
sented in Appendix B.
Regarding the values obtained for the IMI subscales, it is

possible to notice fromTable 6 and Figure 12 that in the first
execution of the experiment:

• For INT, CMP, and VAL the means of GE were higher
than those of GC . Furthermore, for these subscales the
minimum, maximum, Q1, Q2, and Q3 values of GE

were mostly higher than those of GC , being equal in
some cases. In turn, for PRS the mean of GE was lower
than that ofGC , the minimum and Q1 values of the first
group were equal to those of the second, and the maxi-
mum, Q2, and Q3 values were lower. These statistics in-
dicate that, on average, the results for INT, CMP, VAL,
and PRS were better in the group submitted to ADoTe.

• For EFF, the mean of GC was higher than that of GE .
The minimum, Q1, Q2, and Q3 values of GC were also
the highest, with the maximum value being the same
for both groups. Such statistics indicate that, on average,
EFF results were better in the group submitted to the
traditional teaching approach.

• For INT and PRS, the sets of results of GE were the
most uniform, as they presented smaller values of s2

and s. For the other subscales, the opposite occurred.
• Differences between group means ranged from 1.30%
(VAL) to 15.80% (INT).

• Outliers were verified only for PRS (one in GE and
two in GC). However, as some participants may have

felt very tense/pressured (differing from the results
shown for the others), it was decided not to consider
such data as false, keeping them in the analyses.

In turn, considering the results from Table 7 and Fig-
ure 13, in the second execution it was verified for the IMI
subscales that:

• For INT, CMP, and VAL the means, minimum, maxi-
mum, Q1, Q2, and Q3 values ofGE were mostly higher
than those of GC (the exceptions were the maximum
value of VAL and Q1 of CMP, which were equal to and
lower than those of GC). These statistics indicate that,
on average, the results for INT, CMP, and VAL were
better in the group submitted to ADoTe.

• For EFF, the mean, minimum, and maximum values of
GC were higher than those of GE , while Q1, Q2, and
Q3 values were equal to or lower than those of the ex-
perimental group. In turn, for PRS the mean of GC was
lower than that of GE , with the minimum value of the
first group being the same as that of the second, and the
maximum, Q1, Q2, and Q3 values of GC being lower.
Such statistics indicate that, on average, the results for
EFF and PRS were better in the group submitted to the
traditional teaching approach.

• Except for VAL, the sets of results ofGC were the most
uniform, as they presented smaller values of s2 and s.

• Differences between group means ranged from 1.82%
(ESF) to 19.71% (INT).

• One result (for PRS, in GC) was considered an out-
lier. However, as the participant may have felt very
tense/pressured, it was decided not to consider such data
as false, keeping it in the analyses.

Regarding general motivation, it was verified fromTables
6-7 and Figures 12-13 that:

• The most uniform result sets were GE in the first and
GC in the second execution, as they presented smaller
values of s2 and s.

• Except for one subject from GC , in the first execution
motivation levels13 were positive, ranging from 63.33%
(since the values were higher than 16) to 98.57% (the
maximum value was equal to 26.57). In the second exe-
cution motivation levels ranged (a) inGE , from 37.30%
(minimum value = 8.19) to 95.33% (maximum= 25.60),
and (b) in GC , from 37.90% (minimum = 8.37) to
82.67% (maximum = 21.80).

• In the first execution the lowest motivation value oc-
curred in GC and the highest in GE . Q1, Q2, Q3, and
mean values were higher inGE (the difference between
the group means was equal to 1.4964, i.e., 4.99%). In
the second execution the lowest and highest motivation
values occurred in GE . Q1 and Q2 were higher in GC ,
while the highest Q3 and mean values were verified in
GE (the difference between the group means was equal
to 0.8582, i.e., 2.86%). These results indicate that, on
average, in both executions participants submitted to
ADoTe felt more motivated.

13The possible range of motivation values (−3 to 27) was converted into
a percentage scale to calculate these results.
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Table 4.Motivation results - 1st execution

Variable Experimental group (GE ) Control group (GC )

Motivat. 18.10, 19.96, 25.21, 16.93, 23.33, 17.86, 20.93, 18.04, 22.24, 26.57, 16.54, 22.20, 16.96, 21.41, 25.26, 22.47, 19.61, 12.31, 18.57, 17.66,
20.35 20.07

INT 6.43, 5.43, 6.71, 4.86, 6.86, 5.00, 5.00, 5.71, 6.14, 6.57, 5.71 4.71, 4.57, 4.86, 4.57, 6.57, 5.57, 5.57, 3.14, 5.57, 3.43, 5.43
CMP 4.67, 5.50, 6.50, 5.50, 4.67, 5.00, 6.50, 4.67, 5.67, 7.00, 4.50 4.17, 6.17, 4.67, 5.33, 5.83, 5.67, 4.67, 3.83, 4.83, 5.17, 4.67
PRS 4.80, 2.40, 1.00, 1.00, 1.40, 2.20, 1.00, 2.60, 1.60, 1.00, 1.20 6.00, 2.40, 2.60, 1.00, 1.00, 2.00, 2.20, 5.40, 1.60, 1.00, 1.00
EFF 4.80, 6.00, 6.00, 2.00, 6.20, 4.20, 4.00, 4.40, 5.60, 7.00, 5.20 6.80, 7.00, 4.60, 5.80, 7.00, 6.80, 5.00, 4.60, 4.20, 4.20, 5.40
VAL 7.00, 5.43, 7.00, 5.57, 7.00, 5.86, 6.43, 5.86, 6.43, 7.00, 6.14 6.86, 6.86, 5.43, 6.71, 6.86, 6.43, 6.57, 6.14, 5.57, 5.86, 5.57

Table 5.Motivation results - 2nd execution

Variable Experimental group (GE ) Control group (GC )

Motivat. 12.00, 25.60, 21.27, 16.61, 13.18, 11.61, 10.74, 23.57, 22.57, 23.89, 21.80, 8.37, 13.31, 10.06, 18.31, 18.31, 18.87, 21.49, 12.56, 21.45,
8.19 15.26

INT 4.43, 7.00, 5.29, 4.71, 5.86, 4.14, 5.14, 6.57, 6.14, 6.86, 2.57 5.43, 3.14, 4.00, 2.43, 5.71, 4.71, 3.57, 4.57, 3.00, 5.71, 3.43
CMP 3.00, 6.00, 5.67, 5.33, 3.83, 2.50, 3.00, 6.00, 4.83, 6.17, 3.33 5.17, 3.00, 3.17, 4.00, 2.00, 5.17, 4.50, 5.83, 4.33, 5.17, 3.83
PRS 5.00, 1.00, 2.80, 2.40, 5.00, 4.80, 5.80, 2.40, 1.00, 1.00, 4.00 2.40, 2.80, 5.20, 2.60, 1.00, 1.40, 1.00, 1.00, 1.00, 2.20, 1.60
EFF 5.00, 6.60, 6.40, 3.40, 3.20, 3.20, 3.40, 6.40, 5.60, 5.00, 1.00 6.60, 1.60, 5.20, 2.80, 4.60, 3.40, 6.80, 5.80, 2.80, 6.20, 4.60
VAL 4.57, 7.00, 6.71, 5.57, 5.29, 6.57, 5.00, 7.00, 7.00, 6.86, 5.29 7.00, 3.43, 6.14, 3.43, 7.00, 6.43, 5.00, 6.29, 3.43, 6.57, 5.00

Table 6.Motivation statistics — 1st execution

Statistics INT CMP PRS EFF VAL Motivation
GE GC GE GC GE GC GE GC GE GC GE GC

Minimum value 4.86 3.14 4.50 3.83 1.00 1.00 2.00 4.20 5.43 5.43 16.93 12.31
Maximum value 6.86 6.57 7.00 6.17 4.80 6.00 7.00 7.00 7.00 6.86 26.57 25.26
1st quartile (Q1) 5.2150 4.5700 4.6700 4.6700 1.0000 1.0000 4.3000 4.6000 5.8600 5.7150 18.0700 17.3100

Median (Q2) 5.7100 4.8600 5.5000 4.8300 1.4000 2.0000 5.2000 5.4000 6.4300 6.4300 20.3500 19.6100
3rd quartile (Q3) 6.5000 5.5700 6.0850 5.5000 2.3000 2.5000 6.0000 6.8000 7.0000 6.7850 22.7850 21.8050

Mean 5.8564 4.9082 5.4709 5.0009 1.8364 2.3818 5.0364 5.5818 6.3382 6.2600 20.8655 19.3691
Variance (s2) 0.5339 0.9930 0.7586 0.5058 1.3265 3.0676 1.8865 1.3156 0.3680 0.3223 10.0621 12.4245

Standard deviation (s) 0.7307 0.9965 0.8710 0.7112 1.1518 1.7515 1.3735 1.1470 0.6067 0.5677 3.1721 3.5248
Diff. between 0.9482 0.4700 0.5454 0.5454 0.0782 1.4964

means (15.80%) (7.83%) (9.09%) (9.09%) (1.30%) (4.99%)

Figure 12. Distributions of motivation results (IMI subscales and general motivation) — 1st execution
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Table 7.Motivation statistics — 2nd execution

Statistics INT CMP PRS EFF VAL Motivation
GE GC GE GC GE GC GE GC GE GC GE GC

Minimum value 2.57 2.43 2.50 2.00 1.00 1.00 1.00 1.60 4.57 3.43 8.19 8.37
Maximum value 7.00 5.71 6.17 5.83 5.80 5.20 6.60 6.80 7.00 7.00 25.60 21.80
1st quartile (Q1) 4.5700 3.2850 3.1650 3.5000 1.7000 1.0000 3.3000 3.1000 5.2900 4.2150 11.8050 12.9350

Median (Q2) 5.2900 4.0000 4.8300 4.3300 2.8000 1.6000 5.0000 4.6000 6.5700 6.1400 16.6100 18.3100
3rd quartile (Q3) 6.3550 5.0700 5.8350 5.1700 4.9000 2.5000 6.0000 6.0000 6.9300 6.5000 23.0700 20.1600

Mean 5.3373 4.1545 4.5145 4.1973 3.2000 2.0182 4.4727 4.5818 6.0782 5.4291 17.2027 16.3445
Variance (s2) 1.7870 1.3174 1.9771 1.3104 3.2400 1.5956 3.1382 3.0116 0.8739 2.0843 39.9003 22.4204

Standard deviation (s) 1.3368 1.1478 1.4061 1.1447 1.8000 1.2632 1.7715 1.7354 0.9348 1.4437 6.3167 4.7350
Diff. between 1.1828 0.3172 1.1818 0.1091 0.6491 0.8582

means (19.71%) (5.29%) (19.70%) (1.82%) (10.82%) (2.86%)

Figure 13. Distributions of motivation results (IMI subscales and general motivation) — 2nd execution

To test the hypotheses related to motivation (3H0 and
3H1) and its subscales (see Table 1), data of each execu-
tion was first tested for normality with the Shapiro-Wilk test.
From Tables 8 and 9 it is possible to notice that, except for
PRS (in both executions) and VAL (in the second execu-
tion), in all other samples data distribution was normal for
the results of both groups, since p-values were greater than
α (0.05).

Table 8. Shapiro-Wilk test results (motivation) — 1st execution

Variables GE GC

W p-value W p-value

Motivation 0.9332 0.4578 0.9816 0.9656
INT 0.9187 0.3668 0.9365 0.4782
CMP 0.8898 0.1862 0.9709 0.8743
PRS 0.7597 0.0096 0.7707 0.0097
EFF 0.9443 0.5527 0.8600 0.0692
VAL 0.8746 0.0973 0.8668 0.0824

Table 9. Shapiro-Wilk test results (motivation) — 2nd execution

Variables GE GC

W p-value W p-value

Motivation 0.8940 0.2122 0.9155 0.3469
INT 0.9503 0.6253 0.9328 0.4549
CMP 0.8781 0.1133 0.9578 0.7158
PRS 0.8909 0.1931 0.7971 0.0120
EFF 0.9108 0.3172 0.9416 0.5198
VAL 0.8429 0.0435 0.8410 0.0418

Thus, the Mann-Whitney test was applied to the samples
where data distribution was not normal (results in Tables 10
and 11) and Student’s t-test was applied to the other samples
(results in Tables 12 and 13).
Considering the results from Tables 10 to 13:

• 3.1H0 was rejected (and consequently 3.1H1 was ac-
cepted), since in both executions p-value (two-sided) <
α for INT. Furthermore, the effect sizes (i.e., the practi-
cal significance of the results) were large, since Hedges’



ADoTe: Approach to teaching and learning functional testing technique criteria supported by Testing Dojo Belinski et al. 2025

Table 10.Mann-Whitney test results (PRS) — 1st execution

Statistics GE GC

Sample size 11 11
Rank sum (Ri) 118.0 135.0

Median 1.40 2.00
U 52.00

Z(U) 0.5582
p-value (two-sided) 0.5767

Table 11.Mann-Whitney test results (PRS/VAL) — 2nd execution

Statistics PRS VAL
GE GC GE GC

Sample size 11 11 11 11
Rank sum (Ri) 147.5 105.5 144.5 108.5

Median 2.80 1.60 6.57 6.14
U 39.50 42.50

Z(U) 1.3790 1.1820
p-value (two-sided) 0.1679 0.2372

Table 12. Student’s t-test results (motivation) — 1st execution

Statistics IMI subscale Motiv.
INT CMP EFF VAL

Homosc. Yes Yes Yes Yes Yes
s2

a 0.7634 0.6322 1.6011 0.3452 11.2433
t 2.5450 1.3863 -1.0110 0.3121 1.0466
ν 20 20 20 20 20

p-value 0.0192 0.1808 0.3241 0.7582 0.3077(two-sided)
Power 0.8159 0.3979 0.2629 0.0873 0.2747(0.05)

CI (95%) 0.1710 -0.2372 -1.6709 -0.4444 -1.4861
to 1.7254 to 1.1772 to 0.5800 to 0.6008 to 4.4789

Table 13. Student’s t-test results (motivation) — 2nd execution

Statistics IMI subscale Motivation
INT CMP EFF

Homosc. Yes Yes Yes Yes
s2

a 1.5522 1.6438 3.0749 31.1603
t 2.2264 0.5804 -0.1459 0.3605
ν 20 20 20 20

p-value 0.0376 0.5681 0.8855 0.7222(two-sided)
Power 0.7195 0.1422 0.0595 0.0962(0.05)

CI (95%) 0.0746 -0.8231 -1.6688 -4.1070
to 2.2909 to 1.4577 to 1.4506 to 5.8234

gs = 1.04 (in the first execution) and gs = 0.91 (in the
second execution).

• 3.2H0, 3.3H0, 3.4H0, 3.5H0, and 3H0 could not be re-
jected, since in both executions the results of p-value
(two-sided) were greater than α for CMP, PRS, EFF,
VAL, and motivation, respectively.

Therefore, in both executions of the experiment (a) it was
evidenced a statistically significant difference between the

treatments regarding interest/enjoyment, with results favor-
ing ADoTe, and (b) it was not possible to state there was a sta-
tistically significant difference between the treatments con-
cerning general motivation and the IMI subscales related to
perceived competence, pressure/tension, effort/importance,
and value/usefulness.

7.4 Retrospective results

Figure 14 illustrates the results of the thematic analysis con-
ducted on the answers of the experimental group from the
first execution of the experiment to the retrospective ques-
tionnaire.
In the diagram of Figure 14, participants are identified

through the numbers presented before each answer. The
theme named “positive aspects” groups the answers obtained
for question 1, which aimed to identify what went well in
the activity/favored the learning of participants. The answers
to questions 2 and 3 are organized under “negative aspects”
and “improvement suggestions”, respectively. Through these
questions, we aimed to identify what did not go well in the
activity/hindered the learning of participants and collect im-
provement suggestions for ADoTe.
Nine codes were established based on the answers to ques-

tion 1. All codes relate to M2 (the moment of ADoTe with
a practical focus) and three can also be associated with
M1 (the moment with a theoretical focus). Furthermore, the
codes were grouped into three subthemes and, finally, into a
general theme: positive aspects. Concerning the subthemes:

• “Favorable dojo elements” groups codes related to dojo
elements (e.g., characteristics and dynamics) that were
mentioned as favorable to learning. The “Dynamics”
code refers to answers that express the approval of par-
ticipants concerning a specific dojo format or the dy-
namics of this activity as a whole. The other codes indi-
cate the approval of participants regarding practical ac-
tivities, acting cooperatively and collaboratively (inter-
actions), establishing a pressure-free environment, and
pair rotation.

• “Support and facilitation resources” refers to materi-
als and actions that support the teaching and learning
process. From its codes it is evident that participants
also considered as positive: (a) the provision of feed-
back about the correctness of their answers throughout
the practical activity; (b) explanations and mediation of
learning by the teacher/facilitator; and (c) the presenta-
tion of definitions and examples about the content (with
the possibility of consulting them during the missions).

• “Integration of theory and practice” groups positive
mentions regarding the integration of theory (exposed
in M1) and practice (M2), validating the execution of
both moments of ADoTe.

In turn, four codes were established for negative aspects
(they relate to M1 and M2 and are grouped into three sub-
themes) and two for improvement suggestions (they refer
only to M2 and could be grouped into a single subtheme).
Concerning the subthemes:
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Figure 14. Retrospective results — 1st execution

• “Infrastructure/materials” includes the code “Lack of
visibility”. In the answer classified with this code, it
was mentioned that a slide (material) had small letters,
whichmade it difficult to see his content when projected
in the room. Aiming to prevent further occurrences of
this situation, the slide was adjusted and the guideline
about infrastructure (G10) was improved. Its new ver-
sion (whose text is presented in Section 6) was consid-
ered in the second execution of the experiment.

• “Support and facilitation resources” includes the code
“Explanations/facilitation”. In the answer classified
with this code, a participant mentioned that the amount
of presentation (which consisted of explanations by the
facilitator/teacher) before the practical part was exces-
sive. On the other hand, as shown in the answers to
question 1, other participants mentioned this same el-
ement as positive. Thus, we realized that varied percep-
tions can be obtained for this aspect due to differences
in student profiles. To minimize problems related to the

amount of facilitation, considerations on the topic were
added to guideline G4.

• “Unfavorable dojo elements” groups codes related to
dojo elements that, in the opinion of participants, did
not go well or hindered their learning. “Dojo elements
to be improved” corresponds to improvement sugges-
tions for the dojo. The codes for these subthemes are:
(a) “Rotations”: in the first execution, only two rota-
tions were performed when using Kake. As there was
a trio, one participant did not play the role of pilot in
this format, and this was reported as negative. In turn,
another participant mentioned the pair exchange model
as something that did not go well, which could be asso-
ciated with the previous situation (an assumption, given
that no further details were provided). Additionally, two
participants suggested more rotations (which indicates
the interest of students in this dynamic), one of them
specifically referring to Kake. Aiming to avoid new oc-
currences of the problems reported and respond to the
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improvement suggestions we (i) defined the G5 guide-
line and (ii) reorganized the third mission (in which the
Kake format is used) so that it could be solved in the sec-
ond execution through one more rotation; and (b) “Cy-
cle/iteration time”: some participants reported that the
time to solve the missions was short, suggesting the al-
location of more time to this. Therefore, we (i) revised
the time and number of actions to be performed by pairs
in each round (the time to solve the second mission was
increased from 5 to 7 minutes; the third mission, solved
in the first execution through a single 6-minute round,
was reorganized to be solved in two rounds of 8 and 3
minutes, respectively) and (ii) added toG7 a suggestion
of a process that can help to define mission times.

Figure 15 illustrates the results of the thematic analysis
conducted on the answers of the experimental group from
the second execution of the experiment to the first question of
the retrospective questionnaire. Eight codes were established
based on the answers to question 1. All codes relate to M2
(the moment of ADoTe with a practical focus) and two can
also be associated with M1 (the moment with a theoretical
focus). Furthermore, the codes were grouped into four sub-
themes and, finally, into a general theme: positive aspects.
Concerning the subthemes:

• “Integration of theory and practice” groups positive
mentions regarding the integration of theory (exposed
in M1) and practice (M2), validating the execution of
both moments of ADoTe.

• “Support and facilitation resources” refers to materials
and actions that support the teaching and learning pro-
cess. From its codes it is evident that participants also
considered as positive: (a) explanations and mediation
of learning by the teacher/facilitator; the information
presented was also described as clear, objective, and
easy to assimilate; and (b) the provision of feedback
about the correctness of their answers. Regarding this
aspect, one participant mentioned that feedback was
provided more quickly (earlier than students would usu-
ally have in traditional teaching), whichwas also seen as
positive. These considerations reinforce the importance
of the guidelines G2 and G9 of ADoTe.

• “Favorable dojo elements” groups codes related to dojo
elements that were favorable to learning. “Dynamics”
answers express the approval of participants concerning
a specific dojo format or the dynamics of this activity as
awhole. The other codes indicate the approval of partici-
pants regarding practical activities, acting cooperatively
and collaboratively (interactions), and pair rotation.

• “Teaching management” relates to aspects of manage-
ment not included in the previous categories. In their
responses, participants mentioned that the activity was
very well developed and that some decisions (such as
practice in a simulated scenario) benefited them. As the
organization of activities results mainly from the plan-
ning stage of ADoTe, such considerations reinforce the
relevance of this stage.

Concerning negative aspects and improvement sugges-
tions, the answers collected in the second execution covered

topics of M1 and M2 and could be grouped into four sub-
themes:

• “Unfavorable dojo elements” (for negative aspects) and
“Dojo elements to be improved” (for improvement sug-
gestions) groups the codes “Interaction” (participant ID
30 mentioned his unfamiliarity with other students as
a negative aspect), “Cycle/iteration time” (considered
short by participants with IDs 27, 29, 30, 34, and 40),
and “Pressure” (ID 34mentioned that little time to solve
the activities results in pressure, which may be the rea-
son why the PRS results were higher for GE in the sec-
ond execution). Concerning interactions, if necessary,
the facilitator can conduct an integration activity before
starting the dojo. In turn, by setting more assertive times
for missions (following the guideline G7 of ADoTe) it
is expected that participants feel less pressured.

• “Teaching management”: some students mentioned that
“Class time” was short (IDs 30, 36, 37, and 40) and thus
suggested more class time (ID 36) and better time man-
agement (ID 38). This situation may have resulted from
a failure from the teacher in the planning of the quantity
of activities for a class. Due to the improvement cycle
promoted by ADoTe, this situation can be adjusted in
new executions of the approach.

• “Support and facilitation resources” groups the codes
“Explanations/facilitation”, “Materials”, and “Exam-
ples”. Some participants mentioned that explanations
(IDs 29, 30, 35, and 38) and textual descriptions (IDs
35 and 41) were excessive, especially before the mis-
sions. Thus, they suggested more objectivity (IDs 30,
41; participant ID 35 suggested replacing instructional
texts with more practical examples at the beginning of
the dojo — i.e., missions in the Prepared Kata format
—, which would be enough to understand how the next
missions should be solved). Some participants also sug-
gested more interactivity in M1 (ID 35), the execution
of a mission in the Prepared Kata format with examples
about boundary value analysis (ID 38), the provision-
ing of more details on how the solution of a mission
should be documented (ID 40), and considered some ex-
planations a little confusing (ID 38). However, as other
participants mentioned the information was clear, objec-
tive, and easy to assimilate (ID 29), we realized that var-
ied perceptions can be obtained for this aspect due to
differences in student profiles (which reinforces the im-
portance of the G4 guideline). Furthermore, as ADoTe
promotes a PDCA cycle, situations of this type can be
identified in the evaluation stage and subsequently con-
sidered in the planning of new uses of the approach.

Given the information presented, we can conclude that: (a)
there was evidence of the acceptance of ADoTe by the stu-
dents in both executions of the experiment, as mainly posi-
tive considerations were reported; (b) the answers of the first
execution regarding negative aspects and improvement sug-
gestions were useful for improving the guidelines of ADoTe;
and (c) the answers of the second execution regarding neg-
ative aspects and improvement suggestions did not make
ADoTe unfeasible and reinforced the importance of its stages
and guidelines.
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Figure 15. Second retrospective — Positive aspects

8 Discussion and Practical Implica-
tions

In this section, we discuss the study results. Subsection 8.1
presents a discussion of sample demographics. Subsection
8.2 details insights and accounts about the approach from the
applicators of ADoTe. Finally, Subsection 8.3 answers the
research questions.

8.1 Discussion of sample demographics
From the results presented in Subsection 7.1 it was possible
to notice that the majority of participants (86.4%) in the ex-
periment were male. The smaller number of participants with
other genders is justified by the composition of the classes
where recruitment took place, which had, for example, a low
number of female students, a common scenario in science,
technology, engineering, and mathematics (STEM) courses
(Bowman et al., 2022).
Regarding academic background, most participants were

in the final periods of an Information Systems course, since
recruitment took place in classes of a subject offered (by the
institution where the experiment was conducted) in the final
periods of this course. These classes were chosen for conve-
nience (as exposed in Subsection 5.3.1) and also to minimize
the threat of a non-representative selection of the sample (see
Section 9).
Furthermore, it was evidenced that most participants were

young adults with little or no professional experience in soft-
ware testing. In addition, regarding their level of prior knowl-
edge about functional testing technique criteria (specifically

equivalence partitioning, boundary value analysis, and sys-
tematic functional testing): (1) in the first execution several
participants already had at least theoretical knowledge on the
topic, because equivalence partitioning and boundary value
analysis had already been taught (using a traditional teach-
ing approach) in the class in which the experiment was con-
ducted. Consequently, in this execution the knowledge of
students about functional testing technique criteria was rein-
forced and complemented; and (2) in the second execution,
for most participants their first contact with the aforemen-
tioned criteria occurred through the activities conducted in
the experiment. Therefore, in this study it was possible to
evaluate the impact of ADoTe as an approach to both primary
and complementary teaching and learning of functional test-
ing technique criteria.
The analysis of sample demographics allowed a better un-

derstanding of the context for which the results of this study
were evidenced. Consequently, it also allowed us to identify
possible threats to the validity of the results (see Section 9).
As already stated in Subsection 5.3, the experimental and

control groups were balanced regarding the APC of their
members and the number of participants. However, due
to time constraints, other demographics were not consid-
ered in balancing and therefore might have impacted the re-
sults. These are non-exhaustive examples of possible impacts
(which did not necessarily occur in this study): (1) partici-
pants with prior knowledge on functional testing technique
criteria may have greater results in the pre-test and, conse-
quently, smaller differences between their pre and post-test
scores. Thus, an imbalance between groups regarding the
prior knowledge of their members may influence learning
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results; and (2) participants without professional experience
might havemore difficulty in perceiving the value/usefulness
of testing criteria in their careers. Thus, an imbalance regard-
ing professional experience might influence the results of
VAL (motivation subscale).
Finally, considering the discussion above, we visualize

the opportunity (suggested as future work in Section 10) of
conducting more evaluation experiments of ADoTe — to
identify possible similarities or differences between scenar-
ios — with sample demographics equal to or different from
those of this study (e.g., varying and analyzing the correla-
tion/influence of participants’ professional experience, pre-
vious subject knowledge, gender, age, course, and course pe-
riod on the results). In these experiments demographic vari-
ables should preferably be considered in balancing. Pre-study
surveys (to assess participant demographics) and automation
(to define the groups quickly) may be used as strategies to fa-
cilitate balancing even in scenarios with time constraints.

8.2 Insights from applicators
This subsection details insights and accounts about the ap-
proach from the authors/teachers who have applied ADoTe
in the experiment conducted in this work.
First, regarding the need of preparation for using ADoTe,

this is only necessary for the teacher/dojo facilitator. Before
starting the planning stage activities, the personwhowill play
this role must: (1) understand the concepts of kata and test-
ing dojo, as well as the characteristic dojo elements (e.g., in-
frastructure, roles, moments, and formats). To this purpose,
they can use the content of this work (such as the descriptions
presented in Subsection 4.2 and in the experimental package)
and, if necessary, complement their knowledge with the alter-
natives mentioned in Section 6 (supplementary material and
participation in dojo sessions promoted by other profession-
als); (2) know the topic to be taught (i.e., functional testing
technique criteria), seeking explanations in specialized liter-
ature (e.g., references of Subsection 4.1) if necessary; and
(3) understand the base structure and guidelines of ADoTe,
presented in Section 6.
In general, the application of ADoTe is not complex for

teachers, since some activities in the approach (e.g., planning
of the content to be taught, execution of a moment with theo-
retical focus, etc.) are already typical of this role in traditional
teaching. However, a difficulty/challenge that can be faced
by teachers is defining the ideal time to each iteration used to
solve a kata/mission. As presented in Subsection 7.4, in the
first execution of the experiment some students reported that
the time to solve the missions was short. Thus, the mission
times were revised and extended for the second execution.
However, the results of the second execution indicated that
several students still pointed out that the cycle/iteration times
were short, resulting in pressure. Based on these results, we
realized that when a new kata is used, it may take a few cy-
cles of application of ADoTe to find the appropriate time for
each iteration of this kata. Therefore, seeking to support the
teacher, we suggest as future work (in Section 10) the cre-
ation of an instrument that helps to estimate or determine the
ideal cycle/iteration times for any kata, as well as the devel-
opment of a tool to support the approach.

Although both experimental groups were composed of
eleven participants, ADoTe is scalable and can be used in
classes with other numbers of students. However, as pre-
sented in guideline G4 of Section 6, it is important that the
teacher considers the size of the groupwhen defining the dojo
formats to be used, i.e., in the planning stage of the approach.
In scenarios with a larger number of students, for example,
the Kake format is preferable, since it makes easier to meet
the guideline G5 and avoids the idleness of the audience for
long periods (as explained in Subsection 4.2.4).
As exposed in Subsection 7.1, the participants of the ex-

periment were undergraduate students, most of them from
the final periods of their courses. However, ADoTe can also
be used in scenarios composed of participants with other lev-
els of expertise (from beginners to advanced students). This
is possible because, as presented in Section 6, ADoTe allows
teachers to instantiate the approach according to their con-
texts (which includes students’ level of expertise). Thus, for
scenarios in which the students are less experienced, simpler
katas and dojo formats with more mediation can be chosen
in the ADoTe planning stage. In turn, in scenarios with ad-
vanced students (or with more knowledge about the content),
katas that require more complex analyses/solutions can be
used and the amount of mediation in the session can be re-
duced.
Finally, in Section 1 we presented the rationale why func-

tional testing technique criteria was chosen as the focal topic
of ADoTe. However, from the practical experiences obtained
through this work, we realized that ADoTe can possibly be
easily adapted for teaching and learning other topics (e.g.,
unit testing and exploratory testing, both mentioned in some
studies as possible to be taught or learned through dojos, as
presented in Section 3), since the content consists of an input
artifact to the approach, which also presents several stages
and guidelines not directly linked to the content to be taught,
but rather to the activities to be conducted for teaching and
learning. Thus, to further investigate this possibility, we also
included in Section 10 a suggestion for future work to evalu-
ate in details the feasibility, level of difficulty, and changes
required to adapt ADoTe for teaching and learning other con-
tents/subjects within or beyond the realms of software engi-
neering or computing.

8.3 Answers to research questions
In this subsection, we discuss the study results, focusing on
answering its research questions. To help the discussion, Ta-
ble 14 presents a summary of the quantitative results of the
study. For each experiment execution and dependent variable
are exposed: (a) the means of the results for the experimen-
tal (µGE

) and control (µGC
) groups; (b) the percentage dif-

ference between the means (Diff. µ)14; and (c) the p-value
resulting from testing the hypotheses associated to the vari-
able. Underlined µGE

and µGC
values correspond to the best

results for each variable in the execution considered. Under-
lined p-values indicate statistical significance.

14Diff. µ = (|µGE
− µGC

|/ amplitude) ∗ 100. As amplitude value,
we used: (a) for learning, 20 (since the results of this variable can vary from
−10 to 10); (b) for motivation, 30 (given that results can range from −3 to
27); and (c) for the IMI subscales, 6 (since results can vary from 1 to 7).
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Table 14. Summary of the quantitative results of the experiment

Variable 1st execution 2nd execution
µGE

µGC
Diff. µ p-value µGE

µGC
Diff. µ p-value

Learning 2.0000 1.5455 2.27% 0.5823 4.6364 3.7273 4.54% 0.3714

Motivation 20.8655 19.3691 4.99% 0.3077 17.2027 16.3445 2.86% 0.7222
INT 5.8564 4.9082 15.80% 0.0192 5.3373 4.1545 19.71% 0.0376
CMP 5.4709 5.0009 7.83% 0.1808 4.5145 4.1973 5.29% 0.5681
PRS 1.8364 2.3818 9.09% 0.5767 3.2000 2.0182 19.70% 0.1679
EFF 5.0364 5.5818 9.09% 0.3241 4.4727 4.5818 1.82% 0.8855
VAL 6.3382 6.2600 1.30% 0.7582 6.0782 5.4291 10.82% 0.2372

Definition of the teaching and learning approach (RQ1).
RQ1 referred to the definition of an approach supported by
testing dojo to teaching and learning functional testing tech-
nique criteria in higher education.
As previously stated in sections 5.2 and 6, the definition

of the approach (named ADoTe) was supported by literature
data (including a SLM regarding the use of dojos in comput-
ing) and by the results of a controlled experiment conducted
to evaluate ADoTe.
Data from the evaluation experiment indicated that (a) on

average, in both executions participants submitted to ADoTe
answered correctly 71.82% of the post-test questions (i.e.,
had a good performance after being submitted to the ap-
proach), (b) the learning and general motivation averages of
the groups submitted to ADoTe were positive and greater
than those of the groups submitted to traditional teaching
(more details will be presented in the discussions of RQ2 and
RQ3), and (c) the answers to the retrospective questionnaire
showed that ADoTe was well accepted by students and rein-
forced the importance of its stages and guidelines.
Thus, it can be stated that ADoTe meets its objective, con-

sisting of an approach (with positive results regarding student
learning and motivation) that can be used to teach and learn
functional testing technique criteria in higher education.

Impact of ADoTe on student learning (RQ2). To answer
RQ2 we analyzed the impact of ADoTe on student learn-
ing, comparing its results to those obtained from a traditional
teaching approach.
Data from the evaluation experiment indicated that par-

ticipants answered more knowledge questions correctly
(20.00% and 46.36% in the first and second executions, re-
spectively) after being submitted to ADoTe, which indicates
a positive impact of the approach on student learning. The
first percentage is less expressive, because, as exposed in
Subsection 7.1, in the first execution participants had already
had contact with part of the content previously. Thus, they
had greater results in the pre-test and, consequently, the dif-
ferences between their pre and post-test scores were smaller.
Furthermore, from Table 14 it is possible to notice that

the learning averages of the experimental groups were 2.27%
and 4.54% greater than those of the control groups. Despite
this, the null hypothesis 2H0 could not be rejected, since p-
value results were greater than α (0.05). Thus, (a) statisti-

cally, it was not possible to state that the learning of students
who study functional testing technique criteria through an ap-
proach supported by testing dojo is greater than the learning
of those who study the same content through a traditional
teaching approach, and (b) in practice, there is no guarantee
that, when using ADoTe, students’ learning will be greater
than that they would obtain from a traditional teaching ap-
proach.

Impact of ADoTe on student motivation (RQ3). To an-
swer RQ3 we analyzed the impact of ADoTe on student mo-
tivation, comparing its results to those obtained from a tradi-
tional teaching approach.
Data from the evaluation experiment indicated that the

motivation levels of the groups submitted to ADoTe were
around 79.55% and 67.34% (i.e., higher than the percentage
of neutrality, 50%), which indicates positive perceptions of
the participants about the approach. Furthermore, Table 14
shows that the motivation means of the experimental groups
were 4.99% and 2.86% greater than those of the control
groups. Despite this, the null hypothesis 3H0 could not be
rejected, since p-value results were greater than α (0.05).
Thus, (a) statistically, it was not possible to state that the gen-
eral motivation of students who study functional testing tech-
nique criteria through an approach supported by testing dojo
is greater than the motivation of those who study the same
content through a traditional teaching approach, and (b) in
practice, there is no guarantee that, when using ADoTe, stu-
dents’ general motivationwill be greater than that theywould
feel if submitted to a traditional teaching approach.
Concerning the IMI subscales,Table 14 shows that in both

executions the means of GE were higher than those of GC

for INT, CMP, and VAL (the opposite occurred for EFF).
For PRS the best result (lowest average) was verified forGE

in the first execution and for GC in the second (which may
have resulted from the perceptions of participants about the
time of the missions and the class, as explained in Subsection
7.4). Regarding the hypotheses, 3.2H0, 3.3H0, 3.4H0, and
3.5H0 could not be rejected, as p-value > α for CMP, PRS,
ESF, and VAL. Therefore, in practice, students’ perception
of the aspects related to these subscales will not necessarily
be greater when using ADoTe (compared to what they would
feel if submitted to a traditional teaching approach).
In turn, 3.1H1 was accepted, since INT results were sta-

tistically significant (for this subscale p-value < α and, in
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executions, µGE
was 15.80% and 19.71% greater than µGC

).
Thus, it can be stated that the interest/enjoyment (aspect re-
lated to intrinsic motivation) of students submitted to ADoTe
is greater than that of students submitted to a traditional teach-
ing approach. Additionally, the effect sizes (i.e., the practical
significance of the results) were large, since the values of
Hedges’ gs were equal to 1.04 and 0.91.

9 Threats to validity and limitations
Below we describe the threats to the validity of our study
(mainly related to the experiment) according to the categories
specified in Wohlin et al. (2012) and the actions taken to mit-
igate or neutralize them.

Conclusion validity. To mitigate threats related to statisti-
cal issues, the definition of statistical tests and the verifica-
tion of their assumptions were based on specialized literature
(Barbetta et al., 2010; Wohlin et al., 2012). Regarding the re-
liability of measures, it was defined in the planning stage of
the experiment how the study variables would be evaluated.
Additionally, objective measures were collected from instru-
ments based on or already validated in other studies. The in-
struments were also discussed with two professors with ex-
perience in Software Engineering teaching and research. To
minimize risks related to the reliability of treatment imple-
mentation, the process and experimental package were docu-
mented in detail, making it possible to conduct the study mul-
tiple times in a standardized way. Finally, to mitigate random
irrelevancies in the experimental setting (e.g., noises and in-
terruptions) participants were instructed to avoid inappropri-
ate conversations. Furthermore, at the beginning of each ex-
ecution, a few minutes were waited before starting the activ-
ities, minimizing interruptions due to participant delays.

Internal validity. In experiments, it is essential that the
outcomes (effects) result from the treatment (cause) and
not from other aspects (Wohlin et al., 2012). Regarding the
threats that can impact this causal relationship, the following
actions were taken: (a) to reduce the impact of APC on learn-
ing outcomes, the experimental and control groups were bal-
anced according to this variable; (b) to mitigate biases related
to the repetition of tests, we changed the statements or an-
swer alternatives between knowledge tests. Furthermore, test
answers were not made available to the participants, so that
they would not influence their performance; (c) to mitigate
instrumentation problems (e.g., poor formulation), the instru-
ments were discussed/reviewed by more than one researcher;
(d) participation in the study was voluntary and not manda-
tory. To mitigate the threat that the selected sample would
not represent the population (as volunteers are usually more
motivated), we highlighted the importance of participation
when recruiting subjects. Furthermore, as recruitment took
place in pre-defined groups and execution occurred during
class time (without dismissal of non-participants, but rather
compensation with other activities), we believe that students
who would not be volunteers if the invitation and operation
occurred in another way also participated in the experiment;
(e) as participants were allowed towithdraw from the study at

any time (due to ethical requirements), to mitigate mortality
they were informed about the importance of not withdraw-
ing; (f) to mitigate threats related to interactions of partici-
pants with researchers or secondary elements, we sought to
limit differences between groups to the teaching and learn-
ing approaches, using the same exercises, as well as pre-
senting equivalent explanations/answers to participants from
both groups; (g) to meet ethical requirements, participants
were informed in advance, at a high level, about what would
happen in the experiment. However, to mitigate threats re-
lated to the knowledge of treatments, participants were not
informed about the study hypotheses, the names or details
of the treatments, nor which treatment they were submitted.
Furthermore, participants were asked not to comment with
students from the other group about the activities to which
they were being submitted; (h) history threats were neutral-
ized, since each participant was submitted to only one treat-
ment and only once; (i) compensatory threats were neutral-
ized, since students were not rewarded or punished for par-
ticipating or not in the study; and (j) since demographic data
and the choice of specific dojo formats/kata types together
with the complexity of the kata itself may impact the de-
pendent variables, we suggested (in Section 10) conducting
more evaluation experiments of ADoTe (varying the katas,
dojo formats, and sample demographics) to identify possible
similarities or differences between scenarios. Furthermore,
in Subsection 8.1 we also recommended considering demo-
graphic variables in balancing and proposed strategies for in-
corporating them into future experiments, even under time
constraints.

External validity. Threats to external validity limit the
ability to generalize results outside the experimental environ-
ment (Wohlin et al., 2012). The following are risks related to
this category: (a) non-representative selection of the sample:
to minimize this threat, the sample was composed of direct
participants from the target population (students who were
enrolled in a subject in which functional testing technique
criteria are often taught). However, as recruitment took place
in a single course and institution, this may be a threat to the
generalization of results to different courses and institutions
(due to student profile and location); (b) execution of the
experiment in a scenario that does not represent reality: to
minimize this threat, the experiment took place in a real en-
vironment (in the classroom, during Software Engineering
classes). However, due to time limitations, the activities did
not include higher levels of complexity (existing in industrial
settings). Therefore, there may be threats to the generaliza-
tion of the results to distinct scenarios from that investigated
in this work (such as the industrial one); and (c) impact of
time: participants were submitted to the treatments during a
limited time. Furthermore, learning was measured immedi-
ately after applying the treatments. Therefore, the study re-
sults refer to immediate learning, and their generalization to
other contexts is not guaranteed. However, as time limitation
for the teaching of testing is common in academic contexts
(Garousi et al., 2020b; Melo et al., 2020; Valle et al., 2015a),
we believe that the execution of the experiment considering
the time usually available for teaching, as carried out in this
study, is important for the results to be realistic.



ADoTe: Approach to teaching and learning functional testing technique criteria supported by Testing Dojo Belinski et al. 2025

Construct validity. Threats to construct validity are typi-
cally of two types: (a) design threats: to mitigate them, the
guidelines proposed by Wohlin et al. (2012) were followed.
In addition, study decisions were validated and reviewed by
two researchers with experience in Software Engineering re-
search and knowledge about dojos and software testing teach-
ing; and (b) social threats: in experiments, participants may
act differently than they normally would (e.g., for fear of
evaluations, they may try to appear as if they are performing
better than reality; when presupposing the study hypotheses,
they may try to manipulate the results to favor or disfavor a
treatment). Thus, to mitigate these threats, participants were
informed about the importance of their ethical participation
and that the data collected would be used to evaluate the treat-
ments, not their performances individually (data would not
be used to favor or harm participants and information that
could identify them would not be published).

Regarding research limitations, the limited time avail-
able for the application and evaluation of ADoTe resulted
in the following restrictions in the experiment (some already
mentioned above): recruitment of participants in two classes
of a single course and institution; measurement of learning
right after applying the treatments; adaptation of the activi-
ties to the teaching context, but without considering higher
levels of complexity (existing in industrial settings); and ap-
proach of only three testing criteria (equivalence partitioning,
boundary value analysis, and systematic functional testing).
Despite this, ADoTe is not limited to these three criteria, as it
allows the organization of activities related to any criteria of
the functional technique. Furthermore, aspects that suffered
limitations in this study may be overcome in future work.

10 Conclusions and future work
This paper contributes to the improvement of software test-
ing education by defining and evaluating ADoTe, an ap-
proach supported by testing dojo to teaching and learning
functional testing technique criteria in higher education.
The approach definition was supported by literature data

(including a SLM regarding the use of dojos in computing)
and by the results of the evaluation of ADoTe. The analysis of
such information allowed the definition of an approach that
can be adapted to different teaching contexts and enables the
continuous improvement of the teaching and learning pro-
cess.
To evaluate ADoTe, we conducted two executions of a

controlled experiment. From the analysis of data collected
from 44 participants we noticed that, although the averages
for learning and general motivation of the groups submitted
to ADoTe were positive and greater than those of the groups
submitted to a traditional teaching approach, it was not pos-
sible to state that, for these variables, there was a statistically
significant difference between the approaches evaluated. In
turn, the results of the IMI subscale related to intrinsic moti-
vation were statistically significant, indicating that students
feel more interest/enjoyment in learning functional testing
technique criteria throughADoTe (the averages of the groups
submitted to ADoTe were 15.80% and 19.71% higher than
those of the control groups). Furthermore, the results of the-

matic analyses conducted on the answers to a retrospective
questionnaire showed that ADoTe was well accepted by stu-
dents and reinforced the importance of its elements.
Therefore, considering the evaluation context of this study,

we conclude that ADoTe positively impacts the learning and
motivation of students and, compared to traditional teaching,
tends to lead to greater levels of interest/enjoyment in learn-
ing functional testing technique criteria.
As future work, we suggest (i) conducting more evalua-

tion experiments of ADoTe (to identify possible similarities
or differences between scenarios, correlations and influence
factors): (a) in more classes, institutions, and with sample
demographics equal to or different from those of this study;
(b) with different activities (e.g., varying the katas and dojo
formats, including katas related to other functional testing
criteria and with different levels of complexity); and (c) in
industrial settings, (ii) verifying the effects of ADoTe regard-
ing long-term learning, (iii) creating an instrument (e.g., au-
tomated tool, Artificial Intelligence model, or formula) that
helps to estimate or determine the ideal cycle/iteration times
for any kata, (iv) evaluating the feasibility, level of diffi-
culty, and changes required to adapt ADoTe for teaching and
learning other contents/subjects within or beyond the realms
of software engineering or computing, (v) conducting lon-
gitudinal studies to evaluate the sustained impact of the ap-
proach on learning and motivation over multiple semesters,
(vi) investigating the effectiveness of ADoTe in online and
hybrid learning environments, since these are becoming in-
creasingly important in higher education, and (vii) devel-
oping a tool to support the approach. This tool can guide
the research throughout the dojo testing process, provide an
environment to organize the dojo sessions, collect, summa-
rize, and share data, facilitating future replications, compar-
isons, and results analysis. Its development can be iterative:
in the initial iterations, resources may be implemented for
storing and retrieving katas, participant demographics, feed-
back from retrospectives, and general data about the sessions
(e.g., participants, katas solved, and time allocated to each
step/cycle); in later iterations, features can be implemented
for the analysis and sharing of data collected, recommenda-
tion of katas and the size of its steps (based on the teach-
ing and learning context, integrating resources such as the
suggested in (iii)), and provision of additional functionalities
that are perceived as useful over time.
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Appendix A Supplementary material
to the SLM

This appendix presents supplementary material to the SLM
detailed in Section 2: the search strings used in each research
source (in Section A.1) and the set of studies considered in
the SLM (in Section A.2).

A.1 Search strings
Below are listed the search strings used for automatic
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NOT (“dojo toolkit”)
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puter Science Information Systems, Computer Science
Interdisciplinary Applications, Education Educational
Research, and Education Scientific Disciplines
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ing dojo: An environment for learning and sharing ag-
ile practices. In Agile 2008 Conference, pages 459–464.
IEEE Press.

3. Bravo, M. and Goldman, A. (2010). Reinforcing the
learning of agile practices using coding dojos. In Sil-
litti, A., Martin, A., Wang, X., and Whitworth, E., edi-
tors, Agile Processes in Software Engineering and Ex-
treme Programming, pages 379–380, Berlin, Heidel-
berg. Springer.
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Appendix B Means of IMI items
This appendix presents the means of the answers obtained for each IMI item. In Figure 16 the IMI items are organized by
subscale (INT, CMP, EFF, VAL, and PRS) and the means are presented by experiment execution and group (experimental and
control). Reverse items are indicated by a “(R)” at the end of their descriptions and their values were already adjusted/reversed.

Figure 16.Means obtained for each IMI item
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Appendix C Visual Diagnostics for Normality Assumptions
This appendix presents some visual diagnostics that can be used along with the Shapiro-Wilk test to assess the normality of the
experimental results. To give readers a visual reference for the normality assumptions, Figure 17 exposes sample histograms
and Q-Q plots for the results of the INT subscale. For the other variables, analogous graphs can be plotted using the data
available in Subsections 7.2 and 7.3.

Figure 17. Sample histograms and Q-Q plots for INT results
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