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Abstract—Regression testing is essential for software mainte-
nance, but is often underrepresented in higher education. This
study examines the understanding and application of regression
testing among 176 third-year computer science students. Using
the Goal-Question-Metric (GQM) framework, we conducted an
empirical study with three tasks: test suite creation, bug fixing,
and regression test selection, alongside questionnaires with open-
ended, closed-ended, and Likert-scale responses. Results show
that students mainly selected tests based on changes, affected
methods, and dependencies, while reporting positive experiences
with teamwork, problem-solving, and skill development. The
findings highlight the value of hands-on, collaborative activities
in reinforcing both technical and soft skills, suggesting that
structured regression exercises can bridge the gap between
academic instruction and industry needs.

Index Terms—Regression Testing, Test Case Design, Software
Testing Education

I. INTRODUCTION

Software testing [1] is a fundamental step of the Software
Development cycle in modern development. Its main purpose
covers the quality, reliability, functionality, performance, and
usability of the products delivered. With shorter development
cycles and higher user expectations, testing has emerged as a
crucial component of successful software delivery. In addition
to identifying flaws, it also helps developers avoid them by
providing insightful feedback.

Regression Testing (RT) [2] is a particular type of testing
that involves ensuring that previously validated software com-
ponents are not affected by new changes in ways that could
cause unintended side effects. In the context of Continuous
Integration (CI) and Continuous Delivery (CD) [3], where
code artifacts are constantly changing and evolving, this step
is crucial. Agile environments have set the standard for rapid
feedback loops and frequent update handling, enabling devel-
opers and QA teams to apply efficient and scalable testing
methods.

Although there is extensive literature on the effectiveness
of automated and regression testing in industrial settings [4],
[5], there is a significant gap in the preparation of higher
education students to understand and apply these concepts
in real-world contexts. Most university programs emphasize
fundamental software development principles, but testing, es-
pecially regression testing, is often covered only superficially.
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This article addresses this gap by analyzing the level of famil-
iarity and understanding of regression testing among over 200
higher education students. The goal is to identify knowledge
deficiencies and offer recommendations for aligning academic
curricula with the current needs of the software industry.

We aim to assess, through a simple practical application,
the readiness of higher education students regarding software
testing, with a focus on regression testing, in the context
of modern practices such as CI/CD and Agile development.
Additionally, we highlight the importance of education in
developing the necessary and up-to-date skills demanded by
the industry, as well as the significance of teamwork in the
software testing process. The study is based on an assignment
completed by 198 students, of which 176 answered questions
related to their previous experience, familiarity with regression
testing, and perceived readiness for future employment in the
IT field.

Our research questions target key aspects of how students
engage in software testing in an educational context. They
address the strategies that students use when designing test
cases, the approaches they take in selecting regression tests,
and their reflections on the learning activity.

The limited presence of regression testing in higher ed-
ucation is addressed. To our knowledge, it is the first to
examine the knowledge of senior computer science students
about regression testing through a practical assignment, while
documenting the results. We analyze their previous experience,
perceived task difficulty, solution strategies, and reflective
feedback to provide insights and recommendations for improv-
ing software testing education and aligning graduates’ skills
with industry needs.

The paper is organized as follows: Section II introduces
background concepts, and Section III reviews related work.
Section IV presents the methodology, including research ques-
tions, participants, and activities. Section V reports the results,
followed by lessons learned (Section VI), threats to validity
(Section VII), and conclusions and future work (Section VIII).

II. BACKGROUND AND THEORETICAL CONCEPTS

This section introduces the theoretical foundations relevant
to our study. We first present key concepts of regression test-
ing, including its role in software maintenance and optimiza-
tion strategies commonly adopted in practice. We then discuss
the importance of testing in higher education, highlighting its



contribution to student learning, skill development, and align-
ment with current curricular recommendations. Together, these
perspectives provide the necessary background to understand
the practical activity analyzed in this study.

A. Regression testing

In Software Engineering [1], testing is a fundamental ac-
tivity to ensure the quality of applications. It verifies whether
a system meets its specifications and helps identify defects
before the product reaches the end user.

Test case design [2] often involves Black-box and White-
box approaches. While Black-box testing focuses on function-
ality without knowing the internal code, White-box testing
relies on understanding the code structure. These concepts
are also reflected in the students’ assignment, where they are
required to specify the nature of the defined regression test.

A crucial part of software maintenance is regression testing,
which makes sure that new code does not adversely affect
already-existing functionality. Repeatedly running the whole
test suite may get costly and time-consuming as software
develops. Test Case Selection (TCS), Test Case Minimization
(TCM), and Test Case Prioritization (TCP) are some of
the optimization strategies that have been proposed to solve
this. These techniques seek to increase regression testing’s
efficiency without sacrificing effectiveness.

TCS concentrates on selecting only the tests that are affected
by the changes, whereas TCP attempts to run the most crucial
tests first in regression testing. For increased efficiency, they
are frequently merged into hybrid techniques.

B. Learning and Skill Development

Students use their theoretical knowledge in a real-world
context by actively participating in a bug-fixing task, which
helps them reinforce key testing concepts through active
learning. In doing so, it stimulates technology literacy and
encourages creative thinking, as well as analytical thinking,
which are considered to be among the core skills for 2030
according to the Future of Jobs Report, published by the World
Economic Forum [6].

Both the 2020 [7] and 2023 [8] Computing Curricula high-
light Verification and Validation as essential competencies in
undergraduate Computer Science degree programs. Core skills
include designing and executing black-box tests, performing
regression testing, using appropriate testing tools, and planning
effective test case design. The 2020 report emphasizes that
testing should be embedded across the curriculum, rather than
treated as a standalone topic. The updated 2023 guidelines
further stress the relevance of testing by integrating objectives
related to test types, usability, reliability, security, and the
distinction between testing and production code.

Following Bloom’s taxonomy [9], students move from
remembering and understanding concepts introduced in lec-
tures, seminars, and labs to applying them in the assessment.
Through bug-fixing, they analyze code, evaluate testing ap-
proaches, and create solutions, advancing from foundational
knowledge to higher-order thinking skills.
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III. RELATED WORK

In this section, we survey research on regression testing
approaches and on how software testing is addressed in higher
education, highlighting the gap between them.

The academic community has extensively investigated RT,
yet a gap persists between research advances and their adop-
tion in practice. Greca et al. [10], in a live systematic lit-
erature review, observed that despite the breadth of research
on regression testing, practical applicability remains limited,
highlighting the disconnect between academic output and in-
dustrial requirements. This emphasizes the importance of bet-
ter aligning educational content with real-world expectations.
Marappan and Raja [11] identified ongoing challenges in test
case selection, prioritization, and optimization, areas that are
rarely addressed in-depth within undergraduate or postgrad-
uate software engineering programs. Furthermore, Mafi and
Mirian-Hosseinabadi [12] explored the selection of regression
tests within test-driven development, showcasing its relevance
in structured development workflows and strengthening the
pedagogical value of including regression testing concepts
in academic instruction. These studies collectively argue for
regression testing not only as a valuable research area but also
as a crucial topic to be taught in higher education, ensuring
students are equipped with practical, in-demand testing com-
petencies upon entering the workforce.

Numerous recent studies have examined how software test-
ing is experienced and taught in educational environments.
Jokisch et al. [13] and Barrett et al. [14] are two examples of
broad curriculum analyses that highlight discrepancies in the
way testing subjects are taught in higher education institutions,
with some important areas—like RT—frequently being under-
represented. As a result, several pedagogical strategies have
been developed to enhance testing education. For example,
gamified approaches to teaching and testing were investigated
by Straubinger et al. [15], [16], Nurue et. al [17], and Silvis-
Cividjian et al. [18]. They introduced serious games and
playful tools aimed at a variety of learner groups, ranging
from elementary school students to college students. The
goal of these initiatives is to make abstract testing ideas
more approachable and interesting. In parallel, Fang et al.
[19] investigated the role of Al-based support and structured
checklists in helping students grasp unit testing principles,
while Cammaerts et al. [20] and Iudean et. al [21] studied
students’ behavior in model-based testing and storytelling-
driven CI/CD education, respectively. Despite these significant
contributions, most programs focus on unit testing, test under-
standing, or engagement strategies. Regression testing is still
commonly overlooked in professional workflows and software
maintenance, despite its critical importance.

Although prior research highlights the importance of re-
gression testing and testing education separately, we uniquely
combine practical tasks with reflection to promote a better
understanding of the subject. This empirical approach to active
learning complements studies on the theory-practice gap [10]
in RT [13].



IV. METHODOLOGY

This research investigates student strategies for test case
design, regression test selection, and reflective evaluation of
learning activities. This section presents the approach, research
questions, participants, activities, and data collection methods
(that were chosen based on the objective of the study, namely,
using activities to evaluate the applied of concepts learned by
students as in Bloom taxonomy [9].

A. Overview

Our study employs an empirical course-based methodology
to examine how computer science students engage in regres-
sion testing. We combine hands-on programming and testing
assignments with the collection of questionnaire responses and
reflective feedback. The research design follows three main
steps. First, students work in teams to complete a programming
and testing assignment that involves bug fixing, unit test
creation, and regression test selection. Second, their solutions
and documented reasoning are analyzed to extract patterns of
test design and regression testing strategies. Third, we collect
the perceptions, experiences, and reflections of the students
through a questionnaire that integrates open-ended and Likert-
scale questions.

B. Research Questions

The Goal Question Metric (GQM) framework, as provided
by Basili and Rombach [22], was used to develop the study
questionnaire. This framework outlines the crucial steps for
setting goals prior to beginning any software measurement ac-
tivity. As a result, the initial measurement Goals is established,
and then a suitable model related to the items under evaluation
is selected. Following the formulation of Questions to ascertain
the attainment of each aim, the relevant Metrics are picked in
accordance with the model that has been selected.

The goals of the study are the following:

e G1 - To determine the criteria, heuristics, and knowl-
edge the students apply when choosing which test cases
to re-execute during software maintenance tasks in the
regression testing process.

e G2 - To understand and characterize the strategies, pat-
terns, and decision-making processes they employ during
test case creation, concerning their effectiveness, com-
pleteness, and alignment with taught testing techniques.

e G3 - To characterize and analyze the reflective self-
assessments provided by students after completing the
activity, for the purpose of understanding their percep-
tions, emotional responses, evaluations of the experience,
identified learning outcomes, and intended improvements
(using the Gibbs Reflective Cycle [23]).

The research questions are as follows:

[ RQ1: How do students select regression tests?
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RQ2: What strategies do students use to design test
cases?

RQ3: What are the students’ reflective opinions about
the performed activity (activity, feelings, positive and
negative elements, learned concepts, skills)?

\ J

We use the following four metrics to answer the three
research questions.

o MI1: Open-ended questions that are coded, quantified, and
categorized about how students identified the tests to be
re-used.

M2.1: Frequency of using the Black-Box Testing (BBT)
and White-Box Testing (WBT) strategies by the student
teams.

M2.2: Likert scale results about various aspects of the
activity performed.

M3: Open-ended questions that are coded, quantified, and
categorized about perceptions, emotional responses, eval-
uations of the experience, identified learning outcomes,
and intended improvements.

The first research question will be investigated by coding
and analyzing the students’ explanations for the selection of
regression tests in assignments and survey responses (M1).

The second research question will be explored by examining
the implemented test suites together with the justifications the
teams were required to provide as part of the assignment.

The third research question is addressed by applying Gibbs’
reflective cycle [23] to open-ended reflections and responses
on the Likert scale of students.

C. Course and Participants

1) Course Description: The study was carried out in the
Department of Computer Science, Faculty of Mathematics
and Computer Science, Babes-Bolyai University, as part of a
third-year computer science course called Software Systems
Verification and Validation (SSVV) on software verification
and validation topics. Students learn about the procedures of
software delivery and testing in the context of CI/CD pipelines
by covering Test-driven development, Behavior-driven devel-
opment, deployment to production, staging environments, and
automation tools for building and testing.

2) Participant Demographics: Third-year computer science
students enrolled in the SSVV course served as the study’s
participants. A total of 210 students participated in the SSVV
class, of which 198 completed the tasks (being part of the
evaluation). Among them, 176 answered questionnaires and
provided feedback on the instructional strategy. All students
performed the tasks; however, only a few completed also the
questionnaire. Demographic information is provided in Table
I. The university’s Scientific Council ethically approved the
research.

Nearly half (47.16%) of the respondents said they had
worked in the sector for less than a year, while just over a



TABLE I: Demographic information of the respondents.

Information Number

No. of Respondents 176

Female 46

Male 125

Other 5

Age 20 (1), 21 (99), 22 (70), 23 (5), 25 (1)

quarter (26.70%) said they had never worked in the business.
21.59% claimed about one year in the industry, and only
4.54% had three years or more of industry experience.

Regarding experience with the JUnit Framework, 61.36%
of the students report using it for less than a year, including
course activity. Only 10.80% have been using it for 2 years,
23.86% for about 1 year, while just 3.98% claim to have been
using it for 3 or more years.

Most of the participants had minimal prior experience with
regression testing, which makes them suitable to assess the
learning approach under study. Their background reflected a
broad range of general software skills, but few had substantial
hands-on exposure to structured regression testing practices:
90.11% had less than a year of experience, 7.14% had about
one year, and only 2.75% had two years of practice. From
a proficiency standpoint, the overwhelming majority could be
considered novices, with a small proportion at the beginner
level, and a rare few reaching competent. None could be
classified as proficient or expert.

D. Description of Activities

The activity was conducted in teams of up to five students
based on how we approximated the time needed to solve the
tasks) in a Java program (Version A) that had to be modified
to fix a known bug (Version B), with materials available
in figshare [24]. (1) Students analyzed the program, fixed
the bug, and reflected on its impact. (2) They designed and
implemented a JUnit test suite for Version A. (3) From this
suite, they selected tests to run on Version B to verify the fix
and detect regressions, documenting the results throughout.

E. Collecting Data

Figure 1 presents the timeline for the learning activities
dedicated to designing test cases and regression testing, which
include lectures, seminars, and laboratory activities. The activi-
ties performed, as described above, are also encapsulated in the
three tasks. The questionnaire is filled in by the respondents
at the end of the performed activities, each student for all the
formed teams.

The first layer captured assignment results with JUnit tests
for Version A and re-execution on Version B, showing how
tests were designed and reused. The second layer included the’
written explanations of the students’ reasoning, test choices,
and regression selection. The third layer came from question-
naires with open-ended answers, ratings, and time estimates.

Table II summarizes key survey questions related to applied
concepts and students’ perceptions of the learning process.
Our exploration focused on three main aspects: the regression
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Class Activities ‘

Lecture 1-12  Seminar 1-6/ Laboratory 1-6

Task 2
-un
test cases
- Version A
- Version B
RToQs LIQs ™vQs RoQs
Regression Leaming Time for each Participants’
testing and activity activity perceptions
related related performed by of the overall
questions questions the students learning
experience
open-ended Likert scale grid with open-ended
fypes of question | fypes of question many opfions types of questions
types of question

Fig. 1: Overview research study activities.

testing aspect, the learning aspects, and reflective questions
about learning. The questionnaire was composed of four parts,
as provided in Table II.

TABLE II: Student’s Questionnaire Investigated Aspects

Qs. Set Questions’s Target Aspects

RToQs Regression testing related questions using open-ended types
of questions.

LIQs Learning activity related questions using Likert scale types of
questions.

TvQs Time for each activity performed by the students using a grid
with many options.

RoQs Participants’ perceptions of the overall learning experience.

RToQs: Regression testing related questions using open-

ended types of questions (in the context of Research Question
1). These elements asked students to describe how they
selected regression tests and which criteria guided their de-
cisions, providing qualitative evidence of the strategies used
for test reuse and selection.

LIQs: Learning related and activity-related questions using
Likert scale types of questions (in the context of Research
Question 1 and Question 2). These elements focused on the
perceived understanding of regression testing concepts by
students, as well as their evaluation of the difficulty and
usefulness of the assignment. The results offered a quantitative
measure of how well the activity supported learning objectives.

TvQs: Time for each activity performed by students using a
grid with many options. These items asked participants to es-
timate the time invested in coding, test design, debugging, and
documentation. Based on the results, we analyzed the effort
distribution between tasks and compared workload perceptions
between teams.

RoQs: Perceptions of participants about the overall learning
experience (in the context of Research Question 3). These el-
ements encouraged reflection on positive and negative aspects
of the assignment, as well as concepts and acquired skills.



They helped by providing insight into students’ emotions,
evaluations, and suggestions for improvement.

More information on the questionnaire and the included
questions is available in figshare [24].

V. RESULTS

This section presents the main findings of our study.

A. General Results with team formation

A total of 68 teams were created, with the distribution of
team sizes shown in Figure 3 (green column). For example,
there were 11 teams consisting of 1 student, 22 teams of 3
students, and 11 teams of 5 students. The recommendation
for completing the tasks was to form teams of at least 3 and
at most 5 students. A notable challenge was that some students
did not comply with this recommendation.

Students from different teams created a variable number
of test cases, the lowest average recorded by single-member
teams (an average of 7 test cases, as shown in Figure 2) and the
highest average by four-member teams (14 test cases). Teams
of three and five members had the same average number of
test cases, namely 10.

Regarding the number of test cases selected for regression
testing, the average across all teams was lower than the
average number of test cases designed for version A. However,
it should be noted that some teams maintained the same
number of test cases (adopting a retest-all strategy). The largest
difference between the average number of designed test cases
and the average number of selected test cases for regression
testing was observed in four-member teams (5 test cases),
followed by five-member teams (4 test cases), and two- or
three-member teams (2 test cases on average). Single-member
teams had the smallest difference, with an average of only 1
test case.

Average number of Test Cases (tc) versus
Average number of Test Case for Regression Testing (te-rt)

13

10
El
8 7 7 8
6 6
6
4
2
0

1 member 2members 3 members 4 members 5 members

mtc mtert

Fig. 2: Average number of test cases and test cases for

regression testing.

With regard to the design techniques used, Figure 3 illus-
trates the number of teams in each category that used only
BBT, only WBT, or both methods. It can be seen that the
highest number of teams applying both methods is found
among the three-member teams, where 13 teams adopted this
approach. Among the 15 teams of two-members, 9 employed
both methods. WBT techniques were used only by two and
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Number of teams for each team set with various tc design techniques:
bbt vs wht vs bbt+wbt

=
2
5
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s s s
”. .l ID °
0 |

1 members 2 members 3 members Amembers 5 members

miteams mbbt Wwbt mbbt+wbt

Fig. 3: Test case design techniques used by students for each
set of teams (bbt=black-box testing, wbt = white-box testing).

three-member teams, in relatively small proportions: 3 two-
member teams and 1 three-member team. Although many
teams in each category applied BBT, a larger number of teams
combined both methods (as indicated by the purple columns
being taller than the blue columns).

Questions set TvQs — Time for each activity performed by
the students using a grid with many options.

Each student estimated the time they spent on each job,
although the activities were carried out in groups. Four ques-
tions were answered: (1) implementing test cases for Version
A, (2) fixing the bug, (3) assessing whether the fix affected
functionality, and (4) deciding which tests to reexecute. For
each, students selected one of six predefined time ranges (
less than 5 minutes, 5 minutes, 10 minutes, 15 minutes, 20
minutes, or more than 20 minutes) from a multi-option grid.

Based on you experience with the regression testing process, how much time did you require for each
task?

S0 <sminutes W 5 minutes 10 minutes W 15 minutes W 20 minutes I >20 minutes

Assess whether the fix affects  Decide which tests should be
functionality re-executed

Implement TCs for Version A Fix the bug

Fig. 4: Responses on the time for the various aspects and tasks
performed.

Figure 4 outlines the time required for various tasks in the
research study activity. For Implementing test cases for Version
A, most students reported needing around 15 minutes, suggest-
ing that designing a complete set of tests required careful con-
sideration. For Fixing the bug, the majority indicated less than
5 minutes, likely because the error had already been identified
and the codebase was relatively simple. For Assessing whether
the fix affected functionality, the most common response was
5 minutes, reflecting the straightforward verification required
after the change. Finally, for Deciding which tests should be
reexecuted, the dominant choice was also 5 minutes, indicating
that test selection was perceived as a quick and intuitive step



once the suite was in place.

B. Results on test design and regression testing using Open-
ended and Likert scale questions

The results reveal a variety of approaches to test design and
regression testing, the majority of which are related to rela-
tionships between changes and methods. Open-ended answers
may reinforce or reevaluate students’ confidence regarding
their solutions, while Likert-scale data reflect their perceived
effectiveness in applying testing concepts.

RToQs questions (Q1, Q2) - Regression testing related
questions using open-ended types of questions.

Q1: How did you choose the tests to use for the regression?

We identified 6 main categories of codes that summarize the
reasoning patterns students reported when justifying their test
selection. These include: Relation to (e.g., method, changes,
bug fixes, dependencies), Explanations general (same tests,
all functionalities, unaffected tests), Answers not Ok (no or
incorrect explanation, unrelated tests only), Techniques used
(WBT, branch coverage, BBT), Versions (tests from version
A, version B, or both), and Tests that failed (initial failures or
failures in version B). More information regarding students’
choices and a mapping of the keywords identified in their
answers is available in our Figshare package [24].

The distribution of the main codes found in the’ responses
of the students was also analyzed (due to space limitations,
the figure is included in the Figshare package [24]). The most
frequent category by far is Relation to, accounting for 71% of
responses (143 mentions). In contrast, other categories appear
less frequently: Answers not Ok (9%, 18 mentions), Versions
(7%, 15 mentions), Tests that failed (6%, 12 mentions),
Techniques used (4%, 9 mentions), and Explanations general
(2%, 5 mentions).

Relation to appears as the most frequently invoked argument
for test case selection, encompassing justifications based on
links to affected methods, changes, bug fixes, functionalities,
dependencies, or impact. More detailed word cloud graphics
for each of the four main subcategories within Relation to
(methods, changes, bug fixes, dependencies) are included in
the Figshare package provided [24].

Q2: Did the bug fix (change) affect other existing function-
alities?

The coding of the responses to this open question shows
that most students were able to create a fix that would affect
other functionalities. Most of the answers were coded as
No (131) or yes, no explanations (7), indicating that many
students simply confirmed that they were running tests without
articulating a rationale. Only 18.18 % referred to specific
elements of the system, such as the PaymentProcessor (8), the
final amount (11), or pricing calculation (13). Since the goal
of regression testing is to verify that the existing functionality
remains correct, there is no single “right” yes or no answer.
Interestingly, some fixes did affect other functionalities while
others did not, as this reflects how interconnected different
parts of the system can be and emphasizes the importance of
carefully selecting tests that can reveal unintended side effects.
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LIQs questions (Q3-Q7) - Learning activity-related ques-
tions using Likert scale types of questions.

We included five Likert-scale questions to capture stu-
dents’ perceptions of task clarity, difficulty, and ease. These
elements, listed in Table III, address understanding the in-
structions, fixing the bug, implementing and reusing tests, and
documenting design techniques.

TABLE III: Statements from Q3-Q7 regarding L1Qs aspects.

Q Statement
Q3 The tasks I had to performed were perfectly clear to me.
Q4 Fixing the bug was easy.
Q5 Implementing regression tests for Version A was easy.
Q6 Identifying the tests to be re-used for Version B was easy.
Q7 Recording what design techniques to use was easy.
Learning activity related questions

0 o B) 0 © % o o w © 0

as T

a7 174

Strongly Disagree  =Disagree  mNeutral ®Agree W Strongly Agree

Fig. 5: Responses on the statements from LI1Qs aspects (Likert
scale).

For most of the statements, the percentages of students who
responded with Agree or Strongly Agree are dominant. For
example, regarding the statement The tasks I had to perform
were perfectly clear to me,” 90% of students agreed. For Fixing
the bug was easy,” disagreement was almost absent, with only
2% selecting this option. A similar trend can be seen for
Implementing regression tests for Version A was easy,” where
the vast majority (83%) expressed agreement. Likewise, in the
case of Identifying the tests to be reused for Version B was
easy,” disagreement was again minimal, at just 2%. Finally,
for “Recording what design techniques to use was easy,”
agreement was still the prevailing response (67%), although in
this case the distribution was slightly more balanced compared
to the other items. Figure 5 illustrates these results in detail.

C. Results on the perception on the performed activity using
Open-ended questions

RoQs questions (08-Q13) - Participants’ perceptions of the
overall learning experience

The second set of reflective questions (Q8-Q13) focused
on students’ experiences during the activity, their emotional
responses, evaluations of what went well or poorly, and the
skills they considered necessary for future improvement [23].

The reflections of the students on Q8-Q13 (see Table 1V)
highlight both their concrete experiences during the assign-
ments and their perceptions of teamwork, problem-solving,
and skill development.



TABLE IV: Statements from Q8-Q13 regarding RoQs aspects.

Q Statement

Q8 ‘What happened during the activity (solving the assignments)?
What did you do? What was the outcome?

Q9 ‘What were you feeling during the situation? How do you feel
about the situation now?

Q10 | What went well? What didn’t go well? What positive or
negative things did you (or other people from your team)
contribute to the situation?

QI1 | Why did (or didn’t) things go well? What theories or research
can help you better understand the situation?

Q12 | What did you learn from this situation? If this situation
happened again, what would you do differently?

Q13 | What skills do you need to develop to handle a situation like
this better? How will you develop the skills you need?

As shown in Figure 6, generated with MAXQDA 2022
[25] using the Smart Coding and the Analyze Sentiments
functionalities, most of the responses were categorized as
Positive or Slightly Positive.

Questions based on Gibbs Reflective Model

% o I
E——
1
o4 -

67 12 IS
c0c I

40 60 80

Q8

Q 27 20

Q10 16

Q11

Q12 68

Q13 %

No sentiment Negative = Slightly Negative m Neutral m Slightly Positive m Positive

Fig. 6: Responses on the statements from RoQs aspects,
Participants’ perceptions of the overall learning experience.

The students described the activity as an iterative process of
testing and debugging, where collaboration and task division
facilitated functional outcomes and gradually transformed ini-
tial stress into satisfaction and confidence. Positive experiences
were largely related to effective teamwork, communication,
and the application of established testing principles, while
challenges such as documentation, setup, or time constraints
were generally resolved through mutual support. The reflec-
tions further emphasized lessons on planning, early testing,
and systematic coverage of edge cases, alongside the need
to strengthen both technical skills (e.g., debugging, testing
strategies, Java proficiency) and soft skills (e.g., communi-
cation, critical thinking, time management), underscoring the
importance of continuous practice and real-world application.

The responses on the last question “Please leave your final
thoughts. Anything that you want to share and we did not
ask about this activity.” were analyzed using MAXQDA 2022
[25] using the Smart Coding functionality and the Analyze
Sentiments option. Most responses were Positive or Slightly
Positive, while the few entries categorized as Negative were
minimal and non-substantive. More details are available in
figshare [24].
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D. Answers to the Research Questions

Answer to RQ1: Students most often selected tests
based on their relation to the modified code, bug fix, or
dependencies, but strategies also included rerunning all
tests for assurance, using testing techniques, focusing
on failed tests, or leveraging version-specific choices.
They find selecting suitable regression tests slightly
more difficult than fixing the bug and initially imple-
menting the suite, with 83% of them agreeing on the
task being easy. Justifying the choice was reported as
the most difficult task, proving that students are more
experienced with software development than testing.

Answer to RQ2: While many teams used black-
box testing, the majority combined both black-box
and white-box approaches, particularly among three-
member teams. The number of test cases created varied
with team size, ranging from an average of 7 (single-
member teams) to 14 (four-member teams).

Answer to RQ3: Students reflected that the activity
was a practical and collaborative process of testing and
debugging, which initially seemed difficult but soon
led to satisfaction and confidence. Teamwork, commu-
nication, and systematic testing were key to success,
while challenges such as setting up and managing
time were resolved mainly through cooperation. They
emphasized lessons on better planning, early testing,
and understanding the broader impact of code changes.
In general, the activity was valued as a meaningful,
hands-on, and less stressful alternative to traditional
exams.

VI. LESSONS LEARNED

This chapter summarizes key insights, challenges, and ob-
servations from the regression testing activity.

Challenges Faced. A notable challenge was that some stu-
dents did not comply with the team formation recommendation
in terms of the number of members. Another limitation was the
imbalance between students with and without prior experience,
which may have influenced the results.

Lesson 1: RT selection. Students selected tests based on
changes or affected methods. A notable pattern is that students
tend to adopt a localized perspective in their test selection.
They primarily concentrate on the immediate sites of change,
including the modified method or its direct dependencies,
showing an awareness of structural coupling, but their rea-
soning rarely extends to indirect or transitive effects.

Lesson 2: Test case design and RT. Students mainly
used mixed black-box/white-box methods when designing
test cases. The prominence of method in students’ responses
reveals a method-centric mindset. This suggests that regression
testing is frequently equated with the verification of individual



units of code, which may be a consequence of the way
that programming and testing are introduced in educational
contexts.

Lesson 3: Bug fix. When discussing tests related to bug
fixes, students often invoked terms related to functionality,
impact, and coverage, suggesting that they considered not
only the structural location of the fix but also its behavioral
implications.

Implications for Academic and Industry Settings. Structured
regression exercises effectively build practical testing skills,
teamwork, and reflective practices, preparing students for
real-world software development and supporting efficient test
maintenance in industry.

VII. THREATS TO VALIDITY

Construct Validity: Different students may interpret mea-
suring terms such as “easy” differently, and self-reported
measures may be prone to bias. Students who performed the
exercise correctly may have perceived it as more difficult
compared to those who found it easy, but may have failed
to detect and address the required changes thoroughly.

Internal Validity: Although background experience is cap-
tured in the first four questions, these variations may have a
significant impact on task difficulty ratings.

External Validity: Because the participants are all third-
year CS students working in a controlled academic setting
with Java and JUnit, the findings may not be generalized
to industry practitioners, real-world project constraints, or
regression testing practices in other technologies.

VIII. CONCLUSION AND FUTURE WORK

The study examines the strategies of the students for test
design, regression test selection, and self-evaluation using the
GQM framework. Participants fixed a Java bug, designed tests,
and assessed changes, with data gathered through question-
naires. The results show that the students performed the tasks
effectively, benefiting from teamwork, structured methods, and
prior knowledge. Reflections indicate that the activity was
meaningful and less stressful than traditional assessments.
Future work should explicitly teach regression testing and offer
practice in labs, seminars, and project-based contexts, and also
trace the development of RT skills from higher education to
industry.
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