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1. Executive Summary

Work Package 5 (WP5) in ENACTEST is about conducting empirical studies to provide evidence of
ENACTEST improvements in testing education as well as in knowledge transfer to industry. It is
directly related to the specific objective SO4: To provide evidence about the improvement in
learning performance of testing by the students and the improvement of knowledge transfer in
industry.

2. Introduction

Empirical evaluation is of paramount importance to measure the results of the proposed
improvements for testing education. In work package 5, we will perform studies to obtain evidence
regarding the results obtained on the rest of the project. Thus, in this work package we will set up
differentiated tasks, tailored to provide effective quality assessment of the project’s products and
results.

We plan to perform pilot studies for the project’s products and results, and then we improve the
drawbacks of these pilots to perform experiments and case studies to evaluate their
effectiveness/usefulness towards the target groups’ needs. To leave the information public, we
aggregated the sensitive information of students and practitioners.

This document reports the generic evaluation strategy defined for all the capsules proposed in the
ENACTEST project and then it presents the specific evaluation strategy for the sixteen capsules to
improve testing education by instantiating the generic model. Moreover, this document provides
results in 11 capsules that has been started the evaluation.

3. Evaluation Generic Model

To design the proper evaluation methods (e.g., “research strategy” in (Zhang 2012)), we need to
decide on which aspects (e.g., tier in (Thalheimer 2018)) we are going to evaluate. According to
(Zhang 2012), an Experimental Simulation allows to “evaluate/measure behaviour of participants
on a set of tasks in a setting that seeks to resemble a real-world setting”. At this point, this seems to
be the most proper research strategy to use. As such, the experiments may simulate a real classroom
scenario where students use the capsules to learn a software testing topic as if it was a “real” class.
This setting is different from a real class because, among others, we are going to collect data from
their learning activity that may not be collected in a real situation.

We envision three important time stamps: before, during, and after the learning experiment. To
gather the results, we may need to perform some questionnaires before and after. Before the
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experiment, we need to decide on which methods/techniques we will use to gather the data we
need (e.g., notes; and sheets with test cases) without being too intrusive. During and after the
experiment, we may collect some data through questionnaires/surveys and some results, such as,
coverage, or number of mutants killed, depending on the capsule. Also, we may opt to assess the
knowledge acquired through an exam or additional exercises. After all this, we will be able to assess
the usefulness and effectiveness of the capsule. The target participants may be students, and
teachers, as diverse as possible.

The Goal-Question-Metric (GQM) (van Solingen 2002) model is a structured approach to define and
measure the success of a system or a process. It helps in establishing clear objectives, deriving
specific questions to assess these objectives, and identifying relevant metrics for measurement.

Based on GQM, the goal of the experiments performed in the ENACTEST project is:

Analyze the use of capsule

for the purpose of evaluation

with respect to effectiveness and perceived usefulness

from the point of view of the researchers

in the context of the bachelor/master/VET students in CS programs.

We propose to conduct experiments simulating real-world situations in a controlled environment.
We expect the results can be generalized in different replications. For each experiment we define
the research questions, the independent and dependent variables that we want to measure, the
objects and instruments that will be used, and the design of the evaluation planned.

For example, some generic research questions and hypotheses are:
RQ1: Is subject effectiveness affected by capsule_X?
RQ2: Is subject perceived usefulness affected by capsule_X?

Additionally, we may have RQs specific for each capsule, for example, in terms of coverage, mutants,
test awareness, etc. The objects depend on each capsule and the main generic instruments are the
developed questionnaires.

In each experiment, we have variables such as, perceived effectiveness, perceived satisfaction,
overall usefulness perception and perceived efficiency.

We will describe each capsule validation strategy in a common structure that contains a description
of the capsule, the validation strategy according to a template and a discussion of the results obtained.
The template has two sections: one to identify the capsule (Id and Name) and other to present the
validation design. In the validation design, we have the research questions we aim to address, the
evaluation metrics, the empirical strategy, the experimental design, the setup, specific aspects to
consider in the pre-questionnaire, post-questionnaire sections to use and other specific aspects to
include for addressing LTEM tiers 1-3, how to assess LTEM tiers 4-6, specific aspects to include in the
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teachers questionnaire, expected number of students to be involved in the validation activities, type
of target students and planned date for the validation activities.

Validation activities aim to measure the effectiveness and usefulness of the project products
(capsules) for the target groups. We've studied different evaluation models (e.g. Kirkpatrick
Evaluation Model, Phillips ROl Methodology, Brinkerhoff's Success Care Method, CIPP (Context,
Input, Process and Product Evaluation Model), PDPP (Planning, Evaluation, Development
evaluation, Process evaluation, and Product evaluation), Anderson Model of Learning Evaluation)
and decided to adopt LTEM as the baseline for our validation activity.

The Learning-Transfer Evaluation Model (Thalheimer 2018) has 8 tiers with the effects of learning
transfer at the top contrasting with inadequate learning evaluation methods at the bottom. This
model aims to overcome some limitations of the Kirkpatrick’s model. It also aims to be applied in
different environments, such as, at the classroom, e-learning, self-study, etc. The 8 tiers are: 1-
attendance, 2-activity, 3-learner perceptions, 4-knowledge, 5- decision making competence, 6-task
competence, 7-transfer, 8-effects of transfer (see Table 1).

The validation activities are focused on tiers 1 to 6. It is not the goal of the project to assess tiers 7
and 8. Typically, tiers 1 to 3 are assessed based on questionnaires developed for this project and
presented in the sequel. Tiers 4 to 6 may be assessed through different metrics defined specifically
for each capsule and, eventually, a final exam/exercise.

TABLE 1. LEARNING-TRANSFER EVALUATION MODEL

W (Examples Of) HsasirementafSuceess

The learner enrolls, starts, participates in, or - Course completion rate

1. Attendance X . X X
completes a learning opportunity. - Average learning time
- . o - Time spent on a text lesson
. The learner participates in activities related to . .
2. Activity - Are the videos fast-forwarded or watched in full?

learning.
s - Are questions asked? (in person)

The learner evaluates:
e a) whether the course was found helpful
3. perceptions (learning effectiveness), - 5-star or 10-point rating
b) whether the course was liked (not an
indicator of effectiveness)

The learner answers content-related questions

- Multiple choice test or open questions with a free text field
(knowledge quiz) & pEn

4. Knowledge

Decision-making The learner applies acquired knowledge in

L . . - Multiple choice test or open questions with a free text field
competence realistic scenarios to make decisions
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6. Task competence  The learner solves realistic tasks - Homework or case work related to the course

- Observation by supervisor, colleagues, or 360-degree feedback
The learner applies the acquired competencies - Self-assessment
in their work routine - Quantitative survey on the learning program or as part of the
regular employee survey

7. Transfer

- Observation by supervisor, colleagues, or 360-degree feedback

The application of the new competencies has a
- Self-assessment

8. Transfer effect positive effect on the learner's work or the

, . - Quantitative survey on the learning program or as part of the
company's environment

regular employee survey

According to (Wohlin 2003), depending on the purpose of the evaluation, whether it is techniques,
methods or tools, and depending on the conditions for the empirical investigation, there are four
major different types of investigations (strategies): Experiment; Case Study; Survey and Post-
morten analysis.

According to the study performed in (Guevara-Vega 2021) about empirical strategies applied in
Software Engineering, Controlled Experiments are the most commonly used by researchers (95%),
followed by Case Studies (90%) and then Surveys (85%).

Experimental design is the process of planning, conducting, analyzing, and interpreting controlled
experiments to understand and draw conclusions about the relationships between variables. The
primary goal of experimental design is to ensure that the experiment provides valid and reliable
results, allowing to make meaningful inferences about the effects of the manipulated variables.
Examples of experimental design are (Trochim s.d.):

e Two Group Experimental Designs - Two-group experimental designs, also known as two-
group experimental studies or two-group designs, are a type of experimental design where
participants are divided into two distinct groups. These designs are commonly used to
compare the effects of a treatment or intervention against a control condition. The primary
goal is to assess whether there is a significant difference between the groups, and if so,
attribute that difference to the manipulated independent variable.

o Factorial Designs - A factorial design is a type of experimental design in research that
involves the simultaneous manipulation of two or more independent variables (factors) to
study their individual and interactive effects on the dependent variable. In a factorial
design, all possible combinations of the levels of each independent variable are tested,
allowing researchers to examine the main effects of each variable and their interactions.
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Quasi-Experimental Design is a research design that shares similarities with experimental design
but lacks some key elements, such as random assignment of participants to experimental and
control groups. Quasi-experiments are often conducted in real-world settings where researchers
have less control over certain variables. While they allow for the examination of cause-and-effect
relationships to some extent, they do not provide the same level of control and validity as true
experimental designs. An example of a quasi-experimental design is (Trochim s.d.):

¢ Nonequivalent Groups Design - The Nonequivalent Groups Design is a type of quasi-
experimental research design in which participants are assigned to different groups, but
without the benefit of random assignment. Unlike a randomized controlled experiment
where random assignment helps ensure that groups are equivalent at the beginning of the
study, nonequivalent groups designs lack this randomization, making it challenging to
establish the same level of initial comparability between groups.

When applying a treatment (test capsule) to a group, the learning effect could most easily be
measured using a control group that takes both the same pre- and post-test as the treatment group.
However, in education this would yield the unethical practice of unequal learning opportunities as
the control group is not offered the chance to use the testing capsule.

In a factorial two group design the participants are divided in to two groups. The participants of the
first group are first given a pretest (case 1) before they are given a treatment (case 2). The
participants of the second group are first given a treatment (case 1) before they are given a posttest
(case 2).

Figure 1 shows an example of an experimental design that allows us to evaluate test capsules
(treatment) in an educational setting as both groups are introduced to the treatment and no
unequal learning opportunities can occur.

| Pre- expenmental Solve case 2
st ! B - With Tescav + tnd
- - End

Start }

IGroup 2|/Group 1

Pre-experimental | | Solve case 1
survey with TesCaV

By comparing the results of group 1 to the results of group 2 for case 1, the effect from the usage of
the testing capsule can be evaluated. When comparing case 1 to case 2 for group 1, this same effect
can be measured. When comparing case 1 to case 2 for group 2, the learner retention of the testing
capsule can be evaluated.

However, this is not mandatory and the capsules’ validation may follow other experimental design.

ENACTEST



Experimental Evaluation Report #1 13

The pre, post and teachers questionnaires used in capsules’ validation were built based on a known
questionnaires available on the web, and on previous knowledge.

The questionnaires we have found were: System Usability Scale, UMUX questionnaire, IBM CSUQ,
TAM model, Modified Technology Acceptance Model for SAP, TAM extension and GAMEX
questionnaire.

To build the questionnaires, we follow the generic process with six main steps: (1) search for
questionnaires, (2) cluster related questions, (3) build new or adapt questions to our context, (4)
discuss questionnaire among project partners, (5) apply questionnaires in the first step of the
ENACTEST validation process, (6) improve questionnaire as needed for the final ENACTEST
validation step.

The pre-questionnaire to assess personal characteristics and previous knowledge of participants of
the evaluation experience is shown in the following Table 2.

TABLE 2. PRE QUESTIONNAIRE TO PERSONAL CHARACTERISTICS AND PREVIOUS KNOWLEDGE

Pre Questionnaire

Section 1: Personal Characteristics Questions >18 >25 >30 >35 >40

1.1. What is your age?

Prefere not
to say

1.2. What is your gender?

No Little Moderate Extensive

HESI PR TR Ea3etills knowedge knowledge knowledge knowledge

2.1. | have previous knowledge on <<subject>> from a
previous degree/course

2.2. | have previous knowledge on <<subject>> from a
previous degree/course

... (more questions about specific subjects)...

Section 3: Programming Skills 0 ]o..2] ]12..5] 16..10] 110..[

3.1. Years of programming experience (if applicable)

... (more questions about programming skils)...
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. i i Not at all Probbaly rather not ratheryes likely totally
Section 4: Technological Skills ot yes confident

4.1. 1 could use a new software application well even if | had

never used an application like it before

4.2. | could use a new software application well if | had just

the built-in-help facilty or manual for assistance

4.3. | could use a new software application well if | had first

seen someone else using it before trying it myself

4.4. | could use a new software application well using only

the internet for assistance

<1 hour 11..2] 12..4] 14..6] 16..8] 18..[
4.5. On average, | use computers (laptops, desktop, tablet)
per day

The post questionnaire was built based on questionnaires found on the web, such as SUS, UMUX,
TAM and GAMEX.

The post questionnaire aims to evaluate LTEM tiers 1 to 3 and is shown in Table 3. It is divided in 11
sections. Section 1 to 6 are common to all capsules: (1) "ease of use / usability", (2) "learnability",
(3) "perceived satisfaction/confidence/comfort", (4) "perceived difficulties/complexity", (5)
"perceived effectiveness/productiveness/efficiency" and (6) "Overall usefulness perception (fit for
purpose)".

Sections 7 and 8 are to be used in capsules that have a software system support: (7) "System
supporting information and feedback" and (8)"system interface/interaction".

Finally, sections 9, 10 and 11 are to be used by capsules that implement serious games: (9) "game
experience",(10) "Game usability" and (11) “Game learning experience".

TABLE 3. POST QUESTIONNAIRE TO ASSESS LTEM TIERS 1 TO 3

Post Questionnaire

Strongly Disagree Neutral Agree Strongly

Section 1: Easy of use / usability disagree agree

1.1. The teaching capsule is easy to use/follow

1.2. The capsule is well organized so it is easy to find the necessary
information

Strongly Disagree Neutral Agree Strongly

Section 2: Learnability e e

2.1. | would imagine most of the students would start learning with this
teaching capsule quickly

2.2. This teaching capsule is clear and understandable
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2.3. I need a lot of background knowledge to be able to learn with this
teaching capsule

2.4.1would need teacher support to start learning with this teaching capsule

Section 3: Perceived Satisfaction / confidence / comfort

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

3.1. Overall, | am satisfied with learning based on this teaching capsule

3.2. | felt confident learning with this teaching capsule

3.3. I felt comfortable learning with this teaching capsule

3.4. This capsule motivated me to learn

3.5. I would recommend this capsule to other students

Section 4: Perceived difficulties/complexity

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

4.1. | found this teaching capsule unnecessarly complex

4.2. 1 thought there was too much inconsistency in this teaching capsule

4.3. | found the teaching capsule very cumbersome

4.4. Learning with this teaching capsule is a frustrating experience

4.5. 1 have spent too much time correcting things in this teaching capsule

Section 5: Perceived Effectiveness / productiveness /efficiency

Section 6: Ove

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

5.1. | can effectivelly learn with this teaching capsule

5.2. 1 can improve my learning performance using this teaching capsule

5.3. I can improve my learning productivity using this teaching capsule

5.4. It is easier to learn with this teaching capsule

5.5. The answer you should provide here is Disagree

rall usefulness perception (Fit for purpose)

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

6.1. This teaching capsule meets my learning requirements

6.2. This teaching capsule has all the content | expect it to have

6.3. 1 would like to use this teaching capsule frequently

6.4. 1 would find this teaching capsule useful in my learning process

6.5. It would be easy for me to become more qualified using this teaching
capsule

Section 7: Syst

em supporting information and feedback

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

7.1. The information (such as online help, on-screen messages, etc) is helpful

7.2. The information is effective in helping me complete the learning tasks
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7.3. The organization of information on the teaching capsule screens is clear|

7.4. The teaching capsule gives error messages that clearly tell me how to
correct the problems

7.5. Whenever | make a mistake using the teaching capsule, | recover easily

Strongly Disagree Neutral Agree Strongly

Section 8: System Interface / Interaction disagree agree

8.1. The answer you should provide here is Neutral

8.2. The interface of the teaching capsule is pleasant

8.3. | like using the interface of the teaching capsule

8.4. The interaction with this teaching capsule is clear and understandable

Strongly Disagree Neutral Agree Strongly

Section 9: Serious Game -- Game Experience .
disagree agree

9.1. The experience was challenging and stimulating.

9.2. 1 was able to achieve the goals set in the game teaching capsule.

9.3. | remained focused on the game teaching capsule throughout.

Strongly Disagree Neutral Agree Strongly

Section 10: Serious Game -- Usability e e

10.1. It was easy to respond to in-game teaching capsule survey questions.

Strongly Disagree Neutral Agree Strongly

Section 11: Serious Game -- Learning Experience .
disagree agree

11.1. The learning goals of the game teaching capsule were clear.

11.2. The game teaching capsule provided opportunities to receive
feedback.

11.3. | recognise the value of the game teaching capsule as a tool for
learning.

Moreover, we designed a questionnaire to assess the capsule’s quality from teacher’s perspective
(Table 4).

TABLE 4. POST QUESTIONNAIRE TO ASSESS CAPSULE’S QUALITY FROM TEACHER’S PERSPECTIVE

Final Questionnaire (Teachers' perspective)

Section 1: Characterization of the context where the capsule was used

VET BSc MSc PhD
1.1. This capsule was used in which education level/context?
more
1-15 16-30 31-45 than 45
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purpose)

Section 4:

productiveness /efficiency

17
1.2. How many students were enrolled in the course where this
capsule was used?
one class some all
classes classes
1.3. How long has this capsule been used?
. A ) ) - ) Strongly Disagree Neutral Agree Strongly
Section 2: Evaluation of Instructional Material -- Easy of use / usability /clarity .
disagree agree
2.1. The targeted learning goals are clear
2.2. The instructional material is well-organized and structured
2.3. The instructional material includes appropriate assessments or
evaluation tools
2.4. The instructional material offers a variety of engaging activities
and exercises
2.5. The instructional material incorporates real-world examples or
applications
2.6. It is clear what types of students should use this capsule
2.7. Itis clear what kind of prerequisite knowledge is expected
2.8. Itis clear what kind of supporting material is needed
2.9. It is clear what kind of setting is required (room, internet, group
size, ...)
2.10. Students easily understand the instructions and explanations in
the material
2.11. | am satisfied with the overall quality of the capsule
Section 3: Evaluation of Instructional Material -- Overall usefulness perception (Fit for Strongly Disagree Neutral Agree Strongly
disagree agree
3.1. This capsule matches your course's goals
3.2. This capsule has the expected content
3.3. This capsule helps in the teaching process
3.4. I would recommend this capsule to other teachers
Evaluation of Instructional Material -- Perceived Effectiveness /Strongly Disagree Neutral Agree Strongly
disagree agree
4.1. Students learn what was expected
4.2. Students were motivated by using this capsule
4.3. The instructional material promotes critical thinking and
problem-solving skills
4.4. The instructional material addresses effectively different
learning styles or preferences
4.5. It was possible to observe improvements in student learning
outcomes as a result of using this capsule
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4. Experimental Evaluation

GIPPPY is an online game for the early introduction of testing in computational thinking for first-
time programmers. The goal of the GIPPPY capsule is that students understand the basic constructs
for designing test cases (id, sequence of actions, oracle) and to be aware of the importance of testing
in programming courses.

The game is designed for students in the first year of programming courses in universities or
vocational training centres. The knowledge required to use this game corresponds to a general idea
of computational thinking, i.e., that the computational solutions to a problem are structured by a
series of ordered actions. This key idea of computational thinking is traditionally taught in the first
class.

In the game GIPPPY, there is a robot that has to reach the end of a platform. To do this, the students
have to write the sentences needed for the robot to reach the end of the platform, translate the
sentences so that the robot understands them, and then execute the program and the test cases.

The goal of the validation of GIPPPY following the GQM (van Solingen 2002) template is:
Analyze the use of GIPPPY

for the purpose of evaluation

with respect to perceived usefulness and effectiveness

from the point of view of the students and researchers

in the context of the bachelor students of programming courses.

Field Name Field Description

Id 1

Name GIPPPY

Validation Design Field Description

Research Questions RQ1: Is learning effectiveness of test case design affected by GIPPPY?

RQ2: Is GIPPPY perceived useful to be aware of the importance of testing in programming courses?
Evaluation metrics Levels completed (Level 12 and Level 13)

Results of the questionnaire

Results of the exam

Empirical strategy Quasi-Experiment

Experimental Design After a lesson about computational thinking and the importance of testing from the beginning, we have two
groups of students G1 use the capsule, G2 do not use the capsule to practice.
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After that a post-questionnaire is carried out to evaluate the perceived usefulness of the capsule. Also, an

Setup

exam is carried out to evaluate the test awareness of students and learning effectiveness of test case design.

" Lesson Computational \“ ( Practice with GIPPPY Postquestionnaire \(

Pre-questionnaire Exam
thlnklni aoncit:stlng o or. éﬁ{oﬂ\ﬁ o éﬁ}:}ﬁ vooo
o 0P o B0ED e YRl

ce o6 co oo Practice without GIPPPY c0e0e
o000

| G2: m G2: m . m | G2 m

PN

Prequestionnaire

Personal Characteristics and Previous Knowledge questionnaire

LTEM [Tier 1: attendance;
Tier 2: activity; Tier 3:
learner perception]

Post questionnaire (all sections — except Section 10 since the game doesn’t have in-game questions)

LTEM [Tier 4: knowledge;
Tier 5: decision-making and
task competence; Tier 6:
remembering and applying]

Survey + Final exam

Teacher’s perspective

Questionnaire to assess the capsule’s quality from teacher’s perspective (all sections)

Expected # of students

30

Target Subjects

Students of first-year programming courses

19

Planned Date First validation: Scheduled for first semester of academic year 2023-2024. Conducted in September 2023.

Second validation: Scheduled for first semester of academic year 2024-2025.

The context of the study was the Computer and Telecommunications Engineering programme at
the Universitat Politecnica de Valéncia (Spain). The subjects correspond to students who are
currently attending the programming course for the first time. The programming course was taught
using traditional teaching/learning techniques such as PowerPoint slides and exercises using the
Python editor.

Students are given one class of computational thinking and the importance of testing. After that, a
short description of GIPPPY is given, and the students are invited to play freely for practice. The
students that want to participate in the study complete a questionnaire with demographics
information.

Half of the students use GIPPPY to practice and the rest of the students do not use GIPPPY. After
playing wirth GIPPPY, the students complete a post-questionnaire about their perceptions of using
GIPPPY.

The study was performed at the end of September 2023. 23 students participated voluntarily and
gave their consent to participate in the study and use their results. There were no rewards for the
students that take part in the GIPPPY study.

We used the pre-questionnaire to gather demographic information and students' prior knowledge.
The age of students ranges from 17 to 19, with 87% of students aged 18. Considering that the
majority of students on the programming course are male, it was surprising that predominantly
female students took part to this study, with 65.2% female and 34.8% male.

In response to the question Do you have any knowledge of programming?, 60.9% of the students
answered that they didn't have any knowledge because they were just starting out, 26.1% answered
that they had some knowledge, but very little, and 13% answered that they had a moderate level of
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knowledge because they had done some programming courses. None of the students answered
that they have a high level of knowledge.

Regarding the questions related to technological skills, we use a scale of six points to avoid neutral
responses. Thus, we use the following values in the scale: Not at all confident, no, probably not,
rather not, rather yes, likely yes, totally confident, yes. The following figures provide evidence that
students have enough technological skills to use GIPPPY (cfr. Figure 2).

I could use a new software application | could use a new software application
well even if | had never used an well if | had just the built-in-help facilty or
application like it before manual for assistance

4% 4%
9%
= probably not
2220 = rather not = rather not
= rather yes = rather yes
likely yes = likely yes
= totally confident yes

| could use a new software application On average, | use computers (laptops,
well if | had first seen someone else desktop, tablet) per day.
using it before trying it myself

totally confident yes

4% 4%
= Not at all confident: no = Less than one hour
35% = probably not = One to two hours
th t = Three to four hours
= rather no
rather yes
= likely yes
= totally confident yes

FIGURE 2. ANSWERS TO TECHNOGICAL SKILLS QUESTIONS IN THE PRE-QUESTIONNAIRE FOR GIPPPY

Four to six hours
= Six to eigth hours

= More hours

After answering the questionnaire, the students decided whether to practice with GIPPPY or without
GIPPPY. Group 1 (G1) corresponds to the students that practice using GIPPPY and Group 2 (G2)
without.

18 students uses GIPPPY to practice (G1). They answered a post-questionnaire to asses LTEM 1 to 3.
The post-questionnaire has 13 sections, including 10 sections from the questionnaire presented in
section 3.5.2 and 3 sections to the effectiveness of using GIPPPY and the awareness of the
importance of testing.

Students used a Likert scale of 5-points that goes from strongly disagree (1) to strongly agree (5). All
the students gave their consent to use their answers in our analysis. Results are summarized in
Table 5 by presenting the average obtained in each section of the post-questionnaire.

gy
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TABLE 5. POST-QUESTIONNAIRE ANSWERS FOR GIPPPY

21

Section 1: Ease of Use / Usability 4,11
Section 2: Learnability 2,90
Section 3: Perceived Satisfaction/confidence/comfort 3,81
Section 4: Perceived difficulties/complexity 1,84
Section 5: Perceived Effectiveness / Productiveness / Efficiency 3,6

Section 6: Overall usefulness perception (Fit for purpose) 3,35
Section 7: System-supporting information and feedback 3,7

Section 8: System Interface / Interaction 3,48
Section 9: Serious Game - Game Experience 3,6

Section 11: Serious Game — Learning Experience 3,87

In the three remaining sections of the post-questionnaire, students are asked which levels they have
completed. 55% of the students completed all levels of GIPPPY (level 13), and the rest completed

levels 5,6,7,8,9,10,11, and 12.

In addition, as an optional question, we asked which level they enjoyed the most. 11 students
answered this question, and the results show that 45% of the students enjoyed level 9, which is
dedicated to repetition, and it uses different types of blocks, and the student has the possibility to

use all the instructions presented before.

We also asked them which game-like element they liked the most. As can be seen in Figure 3, they
like the levels, the rewards and the customization of the robot the most.

Which element of GIPPPY you like the most?

= Levels
Customize the robot
Rewards

Progress bar
= Feedback
17% = Badges

22%

FIGURE 3. ANSWERS TO THE QUESTION ABOUT THE PREFFERRED GIPPPY ELEMENT

Later, we asked students if they think that the gamified elements of GIPPPY helped to increase your
motivation and awareness of testing in the programming course? 86% of the students answered

affirmatively.

Finally, we administered a short test to all 23 students who volunteered participated in the study.
81% of the students disagree or totally disagree that it is possible to learn programming without
knowledge of testing. We also asked what the main components of the design of a test case are,
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and 54% of students answered that the design of a test case should have an identifier, a sequence
of instructions to perform and the oracle that checks the result obtained.

After the evaluation of GIPPPY, even though we obtain interesting results, we see some possible
improvements that we list below:

— We need to clarify the text of some levels.

— We need to provide a requirement on the specific conditions and instructions in each level,
forinstance specifying that the new structures must be used in the level that are introduced.

— Refresh and go back should be disabled, and rendering in different screen sizes must be
performed to improve the gaming experience.

— We need to translate GIPPPY to all the languages of the consortium to facilitate exploitation
of this capsule.

Also, a possible customization could be changing the language for instance java, c, or other instead
of Python. But this customization will be analyzed depending on the requirements of professors
that want to use GIPPPY.

This capsule is a set of educational materials for learning about exploratory testing. The main
objective of this capsule is to create awareness that testing has an exploratory part.

INCITE is designed for students of master's level testing courses in universities or vocational training
centers. The knowledge required to use this game corresponds to the knowledge of different testing
techniques that they can use to create a test model for a specific SUT. Thus, using INCITE, the
professor conducts semi-structured clinical interviews with the students when they are creating the
test model, in order to promote the exploratory part of testing when the students are creating the
test model.

The goal of the validation of INCITE following the GQM (van Solingen 2002) template is:

Analyze the use of INCITE

for the purpose of evaluation

with respect to perceived usefulness

from the point of view of the researchers

in the context of the master students of testing courses.
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Field Name Field Description
Id 2
Name INCITE - Semi-structured clinical interviews and testimonies to teach testing and promote the A-HA

moments

Validation Design

Field Description

Research Questions

RQ1: How INCITE improves exploratory test awareness?

RQ2: How INCITE is perceived useful to improve learning effectiveness of exploratory testing?

Evaluation metrics

Test model complete
Survey to obtain perceptions of testing awareness.

Empirical strategy

Semi-structured inteviews + coding

Experimental Design

Interviews to students
Open coding to understand the exploratory part of testing

Setup

e We give the students the description of the case and how to access Testcompass.

e  The students participate in pairs.

e They use the testcompass tool to create the test models for the specific SUT.

e  They dialogue and critique between them how to solve the problem (thinking out loud).

e The professor perform open-ended questions and an interviewer maintains a flexible
questioning structure to explore alternative hypotheses about the participant’s thinking.

Prequestionnaire

Personal Characteristics and Previous Knowledge questionnaire

LTEM [Tier 1: attendance;
Tier 2: activity; Tier 3:
learner perception]

Post questionnaire (sections 1 to 8)

LTEM [Tier 4: knowledge;
Tier 5: decision-making and
task competence; Tier 6:
remembering and applying]

Test model

Teacher’s perspective

Teachers' questionnaire

Expected # of students

10

Target Subjects

Master students of testing courses

Planned Date

First validation: Scheduled for second semester of academic year 2023-2024 (MAY 2024)
Second validation: Scheduled for second semester of academic year 2024-2025.

The experiment has not yet been run.

GADGETS is a collection of analogue games for practicing essential testing skills in the classroom.
The main goal of GADGETS is to increase the intrinsic motivation of students to learn testing and to
be aware of their assumptions that can affect the development of an adequate testing strategy for
a specific system under test (SUT).
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GADGETS is designed for students of undergraduate courses as well as master's level students of
testing courses in universities or vocational training centres. The knowledge required to use this
game corresponds to the basics of testing techniques that they can use to define a testing strategy.

Using GADGETS, the students define a testing strategy to support the quality attributes required by
a specific SUT meanwhile they take into account possible risks and they are aware that their intrisic
assumptions affect the testing strategy defined.

The goal of the validation of GADGETS following the GQM (van Solingen 2002) template is:

Analyze the use of GADGETS

for the purpose of evaluation

with respect to perceived usefulness

from the point of view of the students and researchers

in the context of the undergraduate and master students of testing courses.

Field Name Field Description
Id 3
Name GADGETS

Validation Design

Field Description

Research Questions

RQ1: Is learning effectiveness of test strategies affected by GADGETS?
RQ2: Is perceived usefulness to learn testing strategies affected by GADGETS?

Evaluation metrics

Survey to measure perceptions

Empirical strategy

Survey

Experimental Design

We divide the students in groups of 4-6 people. Each group play the rounds in the tableboard. Each student
receive 6 cards. They need to identify the risks and design test cases exploring a system represented in the
tableboard to assure the quality characteristics required. Morever, students need to spin the wheel of

Setup

Socrative questions to be aware of the assumptions they have.

/ Lesson software \ / Practice with \

\ N\ AN %

Prequestionnaire

Personal Characteristics and Previous Knowledge questionnaire

LTEM [Tier 1: attendance;
Tier 2: activity; Tier 3:
learner perception]

Post questionnaire (sections 1 to 4)

LTEM [Tier 4: knowledge;
Tier 5: decision-making and
task competence; Tier 6:
remembering and applying]

Post questionnaire (section 5 to 8)

Teacher’s perspective

Questionnaire to assess the capsule’s quality from teacher’s perspective (all sections). Not used in this first
evaluation

Expected # of students

20

Target Subjects

Bachelor and Master students of testing courses

Planned Date

First validation: Scheduled for the end of first semester of academic year 2023-2024 (JAN 2024)
Second validation: Scheduled for the end of first semester of academic year 2024-2025.

ENACTEST




Experimental Evaluation Report #1 25

We perform the first validation of GADGETS on 18th of January 2024. The context of the study
correspond to computer science master students of the Open Universiteit (The Netherlands).

In the evaluation of GADGETS, students were given one class about the importance of software
testing and how to build a testing strategy. After that, a short description of the game was given to
the students and The Travel Agency case was explained. The description of this case is:

“The sales department wants to know what the average age is of the people who booked their
holidays with your company. One of the developers in your team has developed a program to
calculate the average age for a hundred people at the time. The program can handle up to a hundred
dates of births and calculates the average age in years. It gets its data from a remote server as a .txt
file, where each line contains the name and the age.”

Later, the students were divided in groups of 4 to 6 people to play. We provide the board, the cards,
the specification of the SUT (The Travel Agency case) and pens + sticky notes for each group (see

Figure 4).
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FIGURE 4. GADGETS BOARDGAME

Also, we give the following instructions to the students:

a. Choose six quality aspects (blue cards) from the TestSphere deck that you think are most

important to the system.
b. Write on post-its what risks are relevant to these quality aspects in this system:

- Use the socrative question online wheel to get a question.
- See if the question is relevant to one of the quality aspects.
- If so, ask this question within the group and brainstorm the risks.

¢. Select mitigation measures for these risks using the other cards in the TestSphere package.
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Students play for one hour. 12 students participated voluntarily and gave their consent to
participate in the study and use their results. There were no rewards for the students that take part
in the GADGETS study.

The post-questionnaire has 8 sections. Students use a Likert scale of 5-points that goes from
strongly disagree to strongly agree. All the students give their consent to use their answers in our
analysis. The results obtained are presented in Table 6.

TABLE 6. POST-QUESTIONNAIRE RESULTS FOR GADGETS

Section 1: Ease of Use / Usability 3,83
Section 2: Learnability 3,45
Section 3: Perceived Satisfaction/confidence/comfort 4,11
Section 4: Perceived difficulties/complexity 2,15
Section 5: Perceived Effectiveness / Productiveness / Efficiency 3,78
Section 6: Overall usefulness perception (Fit for purpose) 3,7

Section 9: Serious Game - Game Experience 3,47
Section 11: Serious Game — Learning Experience 3,86

Results show promising results for GADGETS capsule. Summarizing, students found GADGETS easy
to use, they are satisfied with this capsule. Students mainly disagree that this capsule is complex.
Also, students perceive GADGETS effective to improve their learning performance. Moreover,
regarding game experience, students found that it was stimulating, and finally all the students
recognized the value of the game as a teaching capsule for testing.

Even though GADGETS show interesting validation results, we want to improve the game by:

- Addingrewards at the end of the game, when students met the gold standard for the testing
strategy for the SUT (e.g. The Travel Agency case).

- Comparing the use of the game with and without socrative questions to measure the
effectiveness of the wheel to provoke awareness of assumptions of students.

Software testing is a meaningful way to increase confidence in software quality, but its effectiveness
depends on the test suite's quality. One way to measure test suite quality is through mutation
analysis. However, introducing mutation analysis and testing into software engineering curricula
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presents some challenges. One of the challenges is related to the number of mutation testing tools
available.

In a hands-on project, assigning different mutation testing tools to students may generate
inequality between them because the tools can be more or less difficult to use and install. To
overcome this problem, we are developing an environment/infrastructure that integrates different
mutation tools, allowing students to interact with these different tools in the same manner. Thus,
we eliminate differences in tool usage while allowing students to realise that tools work differently,
for example, generating different mutants for the same piece of code.

With this capsule, we aim to be able to use different mutation testing tools in classes and spend the
time learning mutation testing concepts instead of spending time installing and learning how tools
work.

DefectsdjGul - 0 x DefectsdjGUI - o x

Project Details

Create Project Project: Cli

Project
Version: 32f

Version -
Coverage Get project coverage information.
Checkout

Select path to student test suite.

Load Project: Browse
Project v

Mutator Settings
Load Mutation Tool ‘ -

Generate ‘ I Include student test cases.

Exclude developer test cases.

Select path for output CSV file.

Browse

Analyzer

Filename:
Analyze Generate live mutant output file.

Summary Get mutant live/killed summary report.

FIGURE 5. GUI OF THE FRAFOL INFRASTRUCTURE

The first prototype of the infrastructure is available and was already used in a software testing
course (cfr. Figure 5. GUI of the FRAFOL infrastructure

). Students wrote test cases to kill mutants generated by different mutation testing tools using the
same infrastructure with PIT, Major, and Judy integrated.

This first use of the infrastructure allows us to validate and foresee improvements according to the
feedback received from the students.

This infrastructure is being improved and extended to help the teachers with the final assessment.
This assessment module automatically runs all student test cases and gathers metrics such as
mutation scores. It produces a final matrix comparing data provided by students and data obtained
by running their test cases. This information is helpful for the final assessment.

The first prototype of this infrastructure is available at

The goal of the validation of FRAFOL following the GQM (van Solingen 2002) template is:
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Analyze the use of FRAFOL

for the purpose of evaluation

with respect to effectiveness and perceived usefulness
from the point of view of the students and teachers

in the context of the master students in CS/SE programs

28

Field Name Field Description
1d 4
Name FRAFOL — FRAmework FOr Learning mutation testing

Validation Design

Field Description

Research Questions

RQ: Does FRAFOL improves Mutation Testing learning effectiveness?

Evaluation metrics

Mutation score

Code coverage

Number of test cases

Results of the questionnaires
Time if finished before deadline

Empirical strategy

Case Study

Experimental Design

. Prequestionnaire

. Present the project statement (goals; deliveries; deadline)

. Gather metrics (score; code coverage; number of test cases; time if finished before time limit)
. Post questionnaire

. Project deliverables to assess LTEM tiers 4-6

. Compare the results with a previous edition of the same project but without the capsule

Setup

Students’ laptops with FRAFOL installed

Prequestionnaire

Personal Characteristics and Previous Knowledge questionnaire

LTEM [Tier 1: attendance;
Tier 2: activity; Tier 3:
learner perception]

Post questionnaire (sections 1 to 8)

LTEM [Tier 4: knowledge;
Tier 5: decision-making and
task competence; Tier 6:
remembering and applying]

Project results

Teacher’s perspective

Questionnaire to assess the capsule’s quality from teacher’s perspective (all sections)

Expected # of students

~40

Target Subjects

MSc students with Java programming skills, unit testing skills and mutation testing theoretical knowledge

Planned Date

First validation step by December 2023
Second validation step by November 2024

We performed a 1st validation phase of the FRAFOL capsule in November/December 2023 with 51
MSc students of a Software Testing course. Students got a project statement with:

- FRAFOL Installation instructions

- FRAFOL User Manual

- Steps/goals of the project

- Description of the final deliverables

- Assignment of Tool/Project to students

Students had to use FRAFOL on three real software projects from Defects4J (Cli, GSon, Lang).
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The work was done individually. We assigned a mutation testing tool and a project to each student.
The mutation testing tools were Judy, PIT and Major which are the current tools integrated in
FRAFOL.

Students had to deliver (1) the StudentTest.java class with the tests cases for killing mutants, and
(2) a CVS file with two sheets, one with data related to mutation score, coverage, etc. and another
with a rational about equivalent and productive mutants.

To assess the results of the project, we ran all StudentTest.java classes. This was done because we
wanted to verify consistency between data provided by students and data obtained by running their
test class. Main problems we faced when running StudentTest.java class were:

- Imports missing
- Some test methods did not run

When needed, we scheduled meetings with students to clarify the issues.
The main problems detected with FRAFOL usage were

- Problems with FRAFOL installation

- Wrong parameters: the path for the .csv file was not provided correctly by the students

- Problems with Judy reports (inconsistency between mutants killed. Some mutants are
killed manually by Student test cases but are not killed automatically by Judy tool)

We also asked students to answer the Post-questionnaire (sections 1 to 8). We obtained 35 answers
from 51 students. The questionnaire was anonymous. The results obtained were the ones reported
inTable7.

TABLE 7. POST-QUESTIONNAIRE RESULTS FOR FRAFOL

Ease of Use / Usability 2,97
Learnability 2,73
Perceived Satisfaction/confidence/comfort 2,23
Perceived difficulties/complexity 3,79
Perceived Effectiveness / Productiveness / Efficiency 2,54
Overall usefulness perception (Fit for purpose) 2,20
System-supporting information and feedback 2,35
System Interface / Interaction 2,42

These results allow to identify aspects of the teaching capsule to improve.

To mitigate the problems related to FRAFOL installation we may provide a software container. A
software container is a lightweight, standalone, executable package that includes everything
needed to run a piece of software, including the code, runtime, system tools, libraries, and settings.
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Containers encapsulate applications and their dependencies in a consistent and isolated
environment, making it easy to deploy and run software across different computing environments.

To mitigate the problems related to the input parameters, we are going to improve the user manual.
In addition, we are going to produce videos that explain and demonstrate who the tool works with
simple examples.

We aim to improve the interaction to make it simpler to use: improve the interface, improve the
feedback, improve user manual. etc.

We aim to extend the tool with an automatic assessment module to easy the task of the teacher.
This module is being developed and we aim to have the first prototype by March 24.

GAMFLEW is a serious game for learning white-box testing. Students engage in solving challenges
related to various code coverage goals, including statement, decision, condition, MCDC, path, and
more. The game interface displays the code to be tested on the left, juxtaposed with a checkerboard
on the right. The concept is for students to articulate test cases by strategically placing pieces on
the board. For instance, they may encounter a scenario where the code assesses the validity of a
move in a game of checkers. In this context, the code functions as a validator, taking the positions
of the game pieces and a proposed move as inputs to determine the move's validity. The
player/student's task is to furnish test cases by arranging the pieces on the checkerboard and
executing moves. Notably, certain coverage objectives necessitate more than one test; for example,
decision coverage mandates tests for both true and false outcomes. In such instances, players are
required to submit multiple test cases to fulfil the coverage objective.

The goal of the validation of Gamflew following the GQM (van Solingen 2002) template is:

Analyze the use of Gamflew

for the purpose of evaluation

with respect to effectiveness and perceived usefulness
from the point of view of the students and teachers

in the context of the master students in CS/SE programs

Field Name Field Description

Id 5

Name Gamflew (GAMe For LEarning White-box Testing)
Validation Design Field Description

Research Questions RQ: Does Gamflew improves White box testing learning effectiveness?
Evaluation metrics # succeeded challenges
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Time playing the game

Empirical strategy Case Study

Experimental Design . Prequestionnaire

. Present the white box testing concepts

. Play the game

. Post questionnaire

. Final group of exercises to assess LTEM tiers 4-6

Setup Lecture based on materials about white-box testing

Room with proper environment to study and play the game
Final exercise on paper

Prequestionnaire Personal Characteristics and Previous Knowledge questionnaire

LTEM [Tier 1: attendance; | Post questionnaire (all sections)
Tier 2: activity; Tier 3:
learner perception]

LTEM [Tier 4: knowledge; | Final exercises
Tier 5: decision-making and
task competence; Tier 6:
remembering and applying]

Teacher’s perspective Teacher’s questionnaire

Expected # of students ~6 (1t validation phase); ~40 students (2" validation phase)
Target Subjects MSc students with a Computer Science BSc

Planned Date 2" semester (June or July, 2024)

We plan to start validation activities by March 2024.

TsGame is an online game designed with the aim to raise students' awareness about the test quality
problem, by stimulating them in identifying and removing test smells.

Test smells negatively affect the quality of test suites and production code. Their presence
negatively impact the maintainability of test suites and production code, or even their functionality
(V. Garousi 2020).

Test smells are usually not taught in academic courses: we found no references at all about teaching
test smells in a recent course mapping carried out on 4 european countries (Porfirio Tramontana
2024), but they are very frequent in manually designed test cases. Panichella et al. (Annibale
Panichella 2022) found that smells such as Eager Test and Assertion Roulette can be found in the
majority of the manual test cases involved in their empirical study.

TsGame provides different modes of use: it can be used to observe and predict the presence of test
smells in JUnit test code and to refactor existing test smells. It can be used both as a learning tool
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providing feedback to users and as a tool to support competitions with the aim of eliminating the
greatest number of test smells in the shortest time possible.

TsGame is intended for students of advanced Software Testing or Software Quality courses who
have as prerequisites a good knowledge of unit testing and JUnit features for the implementation of
test cases for Java classes.

The goal of the validation of this capsule following the GQM (Zhang 2012) template is:

Analyze the use of TsGame

for the purpose of evaluation

with respect to test smells refactoring effectiveness and tool perceived usefulness
from the point of view of researchers and students

in the context of students of Software Testing courses.

A preliminary Pilot Experiment has been carried out in autumn 2023 in the context of the Software
Testing class taken at the 1st year of the Master degree in Computer Engineering and Computer
Science at the University of Naples Federico Il. 36 students participated in this pilot study.

Field Name Field Description
Id 6
N
ame TS_Game ( Test Smell Game)
Validation Design Field Description
Research Questions RQ1 : How is test smells refactoring effectiveness affected by TS_Game?

RQ2 : How is the usefulness of TsGame perceived in supporting test smell refactoring ?

Evaluation metrics Number of fixed test smells
Results of the satisfaction questionnaire

Empirical strategy Pilot Experiment

Experimental Design After receiving a lecture on test smells fundamentals, students of the Software Testing course (Master
Degree) use the TSGame to fix a set of test smells present in an assigned Java class.

After completing this task, each student repeats the same task with respect to a different class using an IDE
(Eclipse recommended) and the command line tsDetect tool to reveal the existing test smells.

A pre-questionnaire is carried out to characterize the participants (e.g. their previous knowledge about
testing and test smells) and a Post-Questionnaires is used to assess the refactoring effectiveness and to
evaluate the perceived usefulness of the capsule.

Setup

Pre-questionnaire Lecture: Test smells Refactoring with Refactoring without Post-questionnaire
definition, taxonomy tsGame tsGame
and refactoring

000 000 000

7 0 1 I 71

LTEM [Tier 1: attendance; | Pre-Questionnaire (Tier 1)

Tier 2: activity; Tier 3: learner Post-Questionnaire (Tier 2 and 3)
perception]
LTEM [Tier 4: knowledge; | N/A
Tier 5: decision-making and
task competence; Tier 6:
remembering and applying]
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# of students 36
Target Subjects Students of a Master degree in Computer Science or Computer Enginering
Planned Date December 2023

The pilot experiment was carried out in the context of the Software Testing course held in the first
semester of the 2023/24 academic year at the University Federico Il of Naples.

The Software Testing course is open to both students of the Master degree in Computer Engineering
and of the Master degree in Computer Science. In both cases it can be taken in the first or second
year of the degree course, depending on the study plans of each student.

The Software Testing course provides basic and advanced knowledge of software testing theory,
technique, processes and tools. In particular, JUnit is presented by means of lectures, exercises and
other gamification activities involving coverage-based testing tasks. The prerequirements to take
this course consist of basics of Java Programming and Software Engineering, at the level that is
usually achieved in a Bachelor degree in Computer Science or Computer Engineering. No previous
knowledge neither about software testing nor about software quality are required.

The teacher held a lecture (December 1st, 2023) in which Code smells and test smells were
presented, with a taxonomy of test smells coherent with the one adopted by Peruma et al. that is
available at . Subsequently (December 6th, 2023) Test
Smells detection with the tsDetect tool (available at

) were presented and examples of effective
refactoring of test smells were provided. In addition, further examples of test smells were presented,
from the ones found in the test cases the students developed in previous exercises of the course.
The TsGame tool and instructions for its installation and use were presented. Finally, tasks were
assigned to each student, for which delivery was requested by December 23th. The subsequent
lectures of the Software Testing course were also opportunities to answer student questions relating
to various issues regarding the tools and their use. A detailed description of the assigned task is
reported in the next subsection.

The experimental activities represented a required task for the final exam but the ranking between
the different performances obtained by students were not taken into consideration for the purposes
of the exam grade. However, during the oral exam a discussion were included regarding the
solutions adopted for the task resolution and the awareness acquired related to test smells topic.

Two tasks were assigned to each student, together with a pre-questinnaire and a post-questionnaire
tofill.

The first task consisted of solving a test smells refactoring problem on a java class using TsGame.
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A constraint required for the positive evaluation of refactoring activities was to avoid significant
losses in terms of code coverage due to refactoring (in order to avoid that the refactoring consisted
of the elimination of test cases). The tool reports on the user interface the level of coverage achieved
and its reduction compared to the initial value.

The second task had to be carried out after the completion of the first one and consisted of solving
the same refactoring problem on another test class using in this case an IDE (Eclipse was
recommended) and the tsDetect command line tool (available at

).

The classes under test belong to the SF110 repository (Arcuri, “Alarge scale evaluation of automated
unit test generation using evosuite” 2014) and were used by Rojas et al. (José Miguel Rojas 2017) as
part of an experiment carried out to validate the student capability of writing effective test case with
Code Defenders. The test classes represent a subset of the classes developed by those students.

In total 18 different test classes were considered. In order to give equivalent tasks to the students,
the number of smells in each test class was preliminary measured with tsDetect and 9 pairs of classes
were formed in such a way as to make the total numbers of smells as close as possible to each other.
Another 9 class pairs were obtained by permuting the assignment order of the first 9 pairs. Thus, 18
different experimental objects were obtained which were randomly assigned to the 36 students (no
experimental object was assigned to more than two students). The assignment took place
anonymously, so as the students did not know to which of them were assigned the same task.

The following jError! No se encuentra el origen de la referencia. Table 8 reports the 18
assignments, with the name of the classes and the number of smells found by tsDetect.

TABLE . LIST OF CLASSES UNDER TEST

Assignment Class1 #Smells Class 2 #Smells | Total Smells
1 FTPFileTest.java 225 | WeakHashtableTest.java 34 259
2 IntHashMapTest.java 221 | HSLColorTest.java 45 266
3 FontIinfoTest.java 210 | ChunkedLongArrayTest.java 55 265
4 ByteVectorTest.java 170 | TimeStampTest.java 57 227
5 ParameterParserTest.java 157 | SubjectParserTest.java 66 223
6 ByteArrayHashMapTest.java 147 | XMLParserTest.java 7 224
7 XmlElementTest.java 146 | InflectionTest.java 7 223
8 RangeTest.java 124 | HierarchyPropertyParserTest.java 81 205
9 ImprovedStreamTokenizerTest.java 123 | RationalNumberTest.java 123 246
10 WeakHashtableTest.java 34 | FTPFileTest.java 225 259
11 HSLColorTest.java 45 | IntHashMapTest.java 221 266
12 ChunkedLongArrayTest.java 55 | FontIinfoTest.java 210 265
13 TimeStampTest.java 57 | ByteVectorTest.java 170 227
14 SubjectParserTest.java 66 | ParameterParserTest.java 157 223
15 XMLParserTest.java 77 | ByteArrayHashMapTest.java 147 224
16 InflectionTest.java 77 | XmlElementTest.java 146 223
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17 HierarchyPropertyParserTest.java 81 | RangeTest.java 124 205

18 RationalNumberTest.java 123 | ImprovedStreamTokenizerTest.java 123 246

In the context of these classes, we considered 20 test smells which detection was supported by
tsDetect, but we observed only the occurrence of 8 out of them in the classes under test.

The observed smells were Assertion Roulette, Exception Catching Throwing, Redundant Assertion,
Sensitive Equality, Eager Test, Duplicate Assert, Unknown Test and Magic Number Test. We excluded
from our analysis the Lazy Test.

Finally, the pre-questionnaire that students had to fill out is composed of a Personal data section, in
which some personal information about the student and his previous knowledge, if any, related to
code smells and test smells were asked some other questions were posed to assess his knowledge
related to programming and testing of Java applications, while the post-questionnaire is composed
of three different section:

1) First task section, in which the outcomes of the first task were requested in terms of the
number of fixed smells, the needed time, the achieved coverage, the solutions applied and
possibly the problems encountered,

2) Second task section, in which the outcomes of the second task were requested

3) Final section including questions posed to assess the level of satisfaction in the use of yhe
capsule.

All the 36 students completed the task until the delivery date except the last three that completed it
with one day of delay (December 24th, 2023).

The characteristics of the students and their previous knowledge and practice with Java
development and testing projects, Code Smells, Test Smells and their refactoring, are reported in
the following Tables 9, 10, 11, 12, 13, 14, 15 and 16.

TABLE 8. STUDENTS’ CHARACTERISTICS

#Students Average Age | % Male | %  Female
Students Students
36 23,1 81 19

TABLE 9. CODE SMELLS KNOWLEDGE AND PRACTICE OF SOURCE CODE REFACTORING

#Student | Little  Code | Moderate No Unit | Little Moderate No Practice
s Smell Unit Testing | Testing Source Practice with  Unit
Knowledge Knowledge | Knowledge | code with  Unit | Testing
Refactoring | Testing
Practice
36 22% 5% 73% 20% 11% 69%
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TABLE 10. TEST SMELLS KNOWLEDGE AND PRACTICE

#Students | Little Test | No Test | Practice of Test| Moderate/ No Practice of
Smells Smells Smells Refactoring | Extensive  Practice | Test Smells
Knowledge Knowledge with toy examples | of  Test  Smells | Refactoring

Refactoring
36 19% 81% 15% 2% 83%
TABLE 11. PREVIOUS JAVA DEVELOPMENT EXPERIENCE

#Students | Academic Academic Academic development | No academic
development | development experience with 3 or more | development experience
experience experience with 2 | Java projects with Java projects
with only 1| Java Projects
Java Project

36 59% 16% 20% 5%

TABLE 12. PREVIOUS JAVA DEVELOPMENT EXPERIENCE OUTSIDE UNIVERSITY

#Students | Academic Academic No-academic development | No academic
development | development experience with 3 or more | development experience
experience experience with 2 | Java projects with Java projects
with only 1| Java Projects
Java Project

36 8% 2% 17% 73%

TABLE 13. JAVA TESTING EXPERIENCE

#Students | No Experience | Experience Experience Experience | No Experience
with Java | with 1 Java | with 2 Java | with 3 or | Experience | with 1 or more
projects project project more Java | with  Java | Java  project
testing in | testing in | testing in | projects projects testing outside
university university university testing in| testing university
courses courses courses university outside courses

courses university
courses
36 34% 42% 20% 4% 86% 14%

TABLE 14. ACADEMIC EXPERIENCE WITH JUNIT FRAMEWORK

#Students Limited Moderate Relevant
No experience | Experience Experience (2 | Experience
(1 Project) projects) (more than
3projects)
36 62% 27% 11% 0%

TABLE 15. EXTRA-ACADEMIC EXPERIENCE WITH JUNIT FRAMEWORK

#Students Limited Moderate Relevant
No experience | Experience Experience (2 | Experience
(1 Project) projects) (more than 3
projects)
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36 94% 2% 2% 2%

In conclusion, we found that the subjects had similar ages and in majority they had no other
experiences outside the basic ones achieved at the university, consisting of experiences of designing
and programming at least a java project, with some simple test cases and few attention to source
code quality.

Answer to RQ1 : How is test smells refactoring effectiveness affected by TS_Game?

As regard the first task (refactoring with the support of tsGame), 28 out of 36 students (78%) reached
to fix all the test smells found by TsGame, whereas 4 of the remaining ones fixed all the smells except
one or two and the last 4 students missed in refactoring a larger number of smells.

On the other hand, the refactoring activities carried out by 28 out of 36 students did not cause
reductions in the achieved coverage, whereas in the other 8 cases the achieved coverage reduced of
amounts between 2% and 26%.

In general 22 out of 36 students reached in fixing all the test smells without losses in coverage.
The effort of this task varied from 30 minutes to 12 hours, with an average of about 3.4 hours.

Some of the students declared problems about Eager Test smells (14 students) whereas only two of
ones mentioned problems in fixing Sensitive Equality smell, and only one of them encountered
problems in removing Exception Catching Test Smell.

TABLE . REFACTORED TEST SMELLS

Task Minimum Maximum Average Standard
Refactored Smells | Refactored Refactored deviation
% Smells % Smells % Refactored

Smells %
Task1 30 % 100 % 94 % 16%
Task2 22 % 100 % 78 % 25%
TABLE 16. TASK EXECUTION TIMES

Task Minimum Time to | Maximum Time | Average Time | Standard

Complete the task | to ~ Complete | to complete deviation Time
the Task
Task1 0,5 hr 12 hr 3,4 hr 2,7 hr
Task2 0,33 hr 12 hr 41 hr 3,2 hr
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TABLE 17. COVERAGE LOSSES AFTER REFACTORING

Task Fraction of | Average
Refactored Test | Coverage Lost
Suites without | After
coverage smells Refactoring %

Task1 28/36 1,5%

Task2 24/36 0,55 %

In the second task the students worked without the support of the TsGame tool. They generally
experienced problems and difficulties in operating directly with tsDetect and a generally worst
experience.

Only 11 of them solved the task with success, whereas 5 of them missed few smells (from one to four)
and the remaining 19 missed many smells or experienced serious problems in using the tool.

As regards the achieved coverage, 24 of them did not reduced it, whereas the other ones caused
significant reduction (or were not able to correctly measure it).

The effort dedicated to this task varied from 20 minutes to 12 hours, with an average effort of about
4,1 hours.

In conclusion we observed generally worst results even in a similar time. The possible learning effect
of the first task was balanced by the difficulties and the issues encountered in this less-friendly
environment.

Answer to RQ2 : How is the usefulness of TsGame perceived in supporting test smell
refactoring ?

Finally, the results obtained from the final section of the questionnaire, related to the satisfaction
in the use of the capsule (with respect to the solving of the same problem without support) are
reported in the following table.

We observed good results in terms of easy of use. As regards learnability, there was a general
consensus about the potentiality of the capsule, whereas most of the students admitted that the
considered topics instead was clear only to students that had a good knoledge about testing and
quality.

The students expressed general satisfaction about the capsule, its support to learning and its
capability of motivating learning.

They also generally agreed their capability to fit learning requirements: they generally
recommended its use for learning, even if some of them admitted they prefer avoid using them
frequently.

They generally agreed about the usefulness of the support and feedback provided by the capsule
and appreciated the user interface even if some of them proposed improvements and corrections to
make it more usable.
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Finally, the general judgment about the proposed gamification activity and the achievement of
learning objectives were both positive and the students declared they are satisfied about their
achieved knowledge about test smells and refactoring of unit test code.

The following Table 20 reports the average results of the questionnaire (Strongly agree = 5. Agree =4,
Neutral =3, Disagree=2, Strongly Disagree = 1).

TABLE 18. POST-QUESTIONNAIRE ANSWERS FOR TSGAME

Easy of use / usability 4,1
Learnability 3,3
Perceived Satisfaction / confidence / comfort 4,1
Overall usefulness perception (Fit for purpose) 3,9
System supporting information and feedback 3,8
System Interface / Interaction 3,9
Serious Game -- Game Experience 4,2
Serious Game -- Learning Experience 4,1
Other questions

It is useful to address the problem of improving test quality 4,1
The tool is able to improve the effectiveness in refactoring test smells 4,1
It is difficult or tedious to try to refactor as much smells as possible 2,8
It is easier to find and refactor smells with the Smell Game tool 4,1
The Smell Game tool helps learning about test smells 4,2

The TestingRobotChallenge Capsule provides a challenge-based learning environment to practice
test case design and implementation (at Unit Level). The goal is to encourage students to do
more practice in Coverage Testing thanks to a challenge-based learning approach where they
compete against automated test generation tools (Robots). The learning environment will be
implemented in a Web application. The student, after registering to the Web application, will
have the possibility to start a new challenge, choosing a Java Class to be tested from a set of
available classes and a Robot to challenge. We expect that students will be engaged in doing
practice in test case design and will be able to generate effective test cases, thanks to the
challenge they are partecipating in.

The goal of the validation of TestingRobotChallenge following the GQM (van Solingen 2002)
template is:
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Analyze the use of TestingRobot challenge

for the purpose of evaluation

with respect to coverage-based testing effectiveness and tool perceived usefulness
from the point of view of researchers and students

in the context of students of Software Testing courses.

The validation of this capsule will be executed in two steps, where the former will consist in a
theoretical validation of the requirements of the learning approach implemented by the capsule (to
be completed within month M18), whereas the latter will involve the implemented capsule that will
be available after month M24 of the project.

Field Name Field Description

Id 7

Name

Validation Design Field Description

Research Questions RQ1 : How is coverage testing effectiveness affected by TestingRobotChallenge?

RQ2 : How is the usefulness of TestingRobotChallenge perceived in supporting coverage testing ?

Evaluation metrics -Pre-Questionnaire

- Coverage metrics to measure Test effectiveness

- Number of challenges vs Robots won by students

- Time needed to complete the task

- Questionnaire to measure perceived usefulness of the TestingRobotChallenge

Empirical strategy Theoretical Validation

Experimental Design . The enrolled students receive and answer the Pre-Questionnaire.

. After receiving some lectures about fundamentals of coverage testing and test case design and
implementation with JUnit, students receive two sequential Tasks.

. In Taskl a Java class is assigned to students who have to implement JUnit test cases for testing the
assigned class using Eclipse IDE and EclEmma plug-in. The goal is to write test cases that cover the
code of the class as much as they can.

. The coverage scores reached by the students’ test cases are collected.

. In Task2 a different Java class is assigned to the same students who have to implement JUnit test
cases for testing the assigned class using Eclipse IDE and EclEmma plug-in but, differently from the
previous task, they are also provided the information about the code coverage and mutation score
reached by the test cases automatically generated by the Robots.

. The coverage scores reached by the students’ test cases are collected.

. In the final step, the students receive and answer the Post-Questionnaire.
Setup
Pre-questionnaire Lectures about Junit Coverage-based testing Coverage-based testing Post-questionnaire
and coverage-based with Eclipse and vs robot test suites with
testing EclEmma Eclipse and EclEmma
o T T T R
LTEM [Tier 1: | Pre-Questionnaire (Tier 1)

attendance; Tier 2: | post-Questionnaire (Tier 2 and 3)
activity; Tier 3: learner

perception]
LTEM [Tier 4: N/A
knowledge; Tier 5:
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decision-making and

task competence; Tier 6:

remembering and

applying]

# of students | 37 Software Testing Master Degree students

(Theoretical Validation)

Target Subjects Students of a Software Testing course of a Computer Science or Computer Engineering Master Degree
Date November-december 2023

The theoretical validation was carried out with 37 Master students in Computer Engineering or
Computer Science at the University of Naples Federico Il who were enrolled in the Software Testing
course held in the first semester of the 2023/24 academic year.

The students received both theoretical and practical lectures about software testing fundamentals,
testing principles, unit testing, black box testing techniques, white box testing techniques and
JUnit. In particular, they received a practical lecture about the use of JUnit, for testing a simple
class. They were also introduced to the use of the Eclipse IDE to write JUnit test cases and to the
EclEmma extension for the evaluation of test code coverage. A lecture introducing tools for the
automatic generation of test cases was also provided them.

The students had to fill-in a pre- questionnaire used to gather personal information and their
previous knowledge and experience with Java programming and testing and the use of tools for the
automatic generation of test cases.

In the two sequential steps of the experiment, each student received a different Java class that the
teacher randomly selected from a pool of 20 Java classes. These classes belonged to the SF110
repository (Arcuri, “A large scale evaluation of automated unit test generation using evosuite” 2014)
and were previously used by Rojas et al. (José Miguel Rojas 2017) in another experiment with
students.

In order to assign to the students tasks with similar levels of complexity, 20 pairs of classes were
formed with each pair having similar total numbers of statements. The number of statementsin each
class under test was preliminary measured with JaCoCo (available at ).

The 20 pairs were randomly and anonymously assigned to the 37 students, by checking that the
same pair of classes was not assigned to more than two students.

The pairs of classes assigned in Taskl and Task2 are reported in Table 21. We point out that the
students received only the source code of the class under test (no requirement description was
provided them). The classes contained only few comments without a complete javadoc
documentation.

In Task2 the students were also informed about the level of code coverage achieved by the test
suites generated by the Randoop (C. Pacheco 2007) and Evosuite (Arcuri, “EvoSuite: automatic test
suite generation for object-oriented software” 2011) robots and they had to overcome these
coverages by their test cases. For each Robot, a variable number of challenges between the student
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and the Robot were assigned, depending on the availability of different number of automatically
generated test suites for each class and Robot.

The students had to accomplish their tasks without specific time constraints but within an assigned
deadline for the delivery of the completed assignments.

When they accomplished the two sequential tasks, they had to fill-in a post-questionnaire
structured in three parts where in the first part they had to provide the coverage achieved by the
test cases developed in Taskl and the time spent, to describe the applied solutions and possibly the
problems encountered. In the second section they reported the coverage achieved by the test cases
developed in Task2, and the time needed to overcome the coverage values of the test classes
produced by Randoop and Evosuite (if they where able to overcome it). In the latter section they
answered questions aiming at assessing the level of satisfaction in the use of the capsule and of the
gamification approach.

TABLE 19. CLASSES INVOLVED IN THE EXPERIMENT

Taskl Class1 Statements Task 2 Assignment Statements | Total
Assignment

1 StringParser 345 XmlElement 750 1095
2 Fontinfo 367 ByteArrayHashMap 686 1053
3 ImprovedStreamTokenizer | 373 VCardBean 684 1057
4 Inflection 387 OutputFormat 644 1031
5 SubjectParser 401 HSLColor 623 1024
6 ImprovedTokenizer 423 ByteVector 609 1032
7 TimeStamp 425 FTPFile 567 992
8 ParameterParser 471 WeakHashtable 563 1034
9 XMLParser 480 Range 552 1032
10 RationalNumber 502 ResultSetHelper 540 1042
11 XmlElement 750 StringParser 345 1095
12 ByteArrayHashMap 686 Fontinfo 367 1053
13 VCardBean 684 ImprovedStreamTokenizer | 373 1057
14 OutputFormat 644 Inflection 387 1031
15 HSLColor 623 SubjectParser 401 1024
16 ByteVector 609 ImprovedTokenizer 423 1032
17 FTPFile 567 TimeStamp 425 992
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18 WeakHashtable 563 ParameterParser 471 1034
19 Range 552 XMLParser 480 1032
20 ResultSetHelper 540 RationalNumber 502 1042

All the 37 students completed the tasks within the deadline, except three students that completed it
with one day of delay (December 5th, 2023).

The characteristics of the students and their previous knowledge and practice with Unit Testing,
Coverage-Based Testing, Java development and testing projects are reported in the following Tables
22,23,24,25,26,27,28 and 29.

TABLE 20. STUDENTS’ CHARACTERISTICS

#Students

Average Age

%
Students

Male

%
Students

Female

37

23,1

81

1

9

TABLE 21. UNIT TESTING KNOWLEDGE AND PRACTICE

#Student | Little Unit | Moderate Extensive No Unit | Little Moderate No Practice
s Testing Unit Testing | Unit Testing | Testing Practice Practice with  Unit
Knowledge Knowledge | Knowledge | Knowledge | with  Unit| with  Unit | Testing
Testing Testing
37 72% 16% 4% 8% 43% 18% 37%
TABLE 22. COVERAGE-BASED TESTING KNOWLEDGE AND PRACTICE
#Students | Coverage- No Moderate /| Coverage-based Moderate/ No Coverage-
based Testing | Coverage- Extensive Testing  Practice | Extensive based Testing
Knowledge based Coverage- with toy examples | Coverage-based Practice
Testing based Testing Practice
Knowledge Testing
Knowledge
37 64% 28% 8% 33% 10% 55%

TABLE 23. PREVIOUS JAVA DEVELOPMENT EXPERIENCE

#Students | Academic Academic No-academic development | No academic
development | development experience with 3 or more | development experience
experience experience with 2 | Java projects with Java projects
with only 1| Java Projects
Java Project

37 70% 18% 12% 0%
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TABLE 24. PREVIOUS JAVA DEVELOPMENT EXPERIENCE OUTSIDE UNIVERSITY

#Students | Academic Academic No-academic development | No academic
development | development experience with 3 or more | development experience
experience experience with 2 | Java projects with Java projects
with only 1| Java Projects
Java Project

37 8% 6% 16% 70%

TABLE 25. JAVA TESTING EXPERIENCE

#Students | No Experience | Experience Experience Experience | No Experience
with Java | with 1 Java | with 2 Java | with more | Experience | with 1 or more
projects project project than 3 Java | with  Java | Java  project
testing in | testing in | testing in | projects projects testing outside
university university university testing in| testing university
courses courses courses university outside courses

courses university
courses
37 33% 55% 10% 2% 83% 17%

TABLE 26. ACADEMIC EXPERIENCE WITH JUNIT FRAMEWORK

#Students Limited Moderate Relevant
No experience | Experience Experience (2 | Experience
(1 Project) projects) (more than
3projects)
37 73% 22% 5% 0%

TABLE 27. EXTRA-ACADEMIC EXPERIENCE WITH JUNIT FRAMEWORK

#Students Limited Moderate Relevant
No experience | Experience Experience Experience
(1 Project) (more than 3| (more than
projects) 3projects)
37 93% 5% 0% 2%

In conclusion, the subjects had 23 years in average and in majority they had very limited experiences

with Java development and testing besides the ones they had in academic courses.

TABLE 28. TASK EXECUTION TIMES

Task Minimum Time to | Maximum Time | Average Time | Standard
Complete the task | to ~ Complete | to complete deviation Time
the Task
Task1 1,5 hr 25 hr 8,2 hr 57 hr
Task2 0,5 hr 26 hr 7,7 hr 6,3 hr
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TABLE 29. INSTRUCTION COVERAGE

Task Minimum Maximum Average Standard
Instruction Instruction Instruction deviation
Coverage % Coverage % Coverage % Coverage %

Task1 81,4 % 100 % 95,9 % 4,2%

Task2 86,8 % 100 % 96,2 % 3,6%

TABLE 30. CHALLENGES WON BY STUDENTS

Robot- Level 1 Level 2 Level 3 Overall

Randoop 36/37 (97%) 24/27 (89%) 22/26 (85%) 82/90 (91%)

Evosuite 36/37 (97%) 30/35 (86%) 30/35 (86%) 96/107 (90%)
Answer to RQ1:

45

As the data in Tables 30, 31 and 32 show, in Task 2 the students achieved on average a slightly
greater coverage than the one achieved in Task 1 and they won the challenges against the Robots

in about 90% of the cases.

Since we did not give strict time limitations to the students to accomplish their tasks, we cannot
exclude that the improvement achievable in Task 2 could be greater than the one we recorded. In
future work, we will repeat the experiment with the implemented Capsule and will limit the

challenge duration, in order to achieve more meaningful results.

Answer to RQ2:

As regards the usefulness of the proposed Capsule, Table 33 reports a synthesis of the answers

collected by the Post- Questionnaire.

TABLE 31. POST-QUESTIONNAIRE ANSWERS

the ones produced by the Robot?

Question Yes | No
1| Did you find it useful to do practice of writing JUnit test cases through the challenge against the | 36 1
Robot?
2| Didyou find it hard/ tedious in Task 1 to have the objective to get as much code coverage as possible? 7 30
3| Do you think that knowing the target coverage to be reached (in Task 2) is useful to improve the | 23 14
effectiveness of your test cases?
4| Did you find engaging the challenge based on the coverage comparison between your test suitesand | 32 5

ENACTEST



Experimental Evaluation Report #1 46

ul

Did you find useful to know the lines of code covered by one of the Robots, to improve the | 23 14
effectiveness of your test cases?

As to the answers given to questions 1, 4, most of the students found it useful and engaging to do
practice of writing JUnit test cases through the challenge against the Robot.

The answers to question 2 show that the challenge based on the achievement of as much code
coverage as possible is not considered hard/ tedious, showing the feasibility of such a challenge-
based mechanism.

As to the answers to the 3 and 5 questions, more than half of students found it useful to know the
coverage reached by the Robot to improve the effectiveness of their test suites.

These results encouraged us to continue with the development of Capsule 7, since they showed the
usefulness and feasibility of the underlying challenge- based learning approach.

TesCaV is an educational software testing tool that provides feedback on the manual executed test
cases conducted by a user within Model-Driven Engineering.

To understand whether the feedback on the manually executed test cases actually allowed users to
increase their test case coverage (RQ1), we performed a two-factorial group design. Herein, the
participants were split in to two groups and alternate between testing a model with and without
TesCaV. This allows to evaluate whether there is an increase in the model coverage when using
TesCaV for a model and whether there is a persistent effect, in which this yield is still present when
no longer using TesCaV for another model. The results for the experiment for RQ1 provided evidence
that the model coverage when using TesCaV was higher than when not using it. However, no
evidence had been found that this increase can be transfered to new models in which the user can
no longer use TesCaV.

To further investigate whether there is a lasting positive effect on users’ model coverage, a follow-
up experiment was conducted. Herein it is specifically investigated whether the users’ are able to
also increase their model coverage on new unseen models due to the usage of TesCaV (RQ2). To do
this a pretest-treatment-possttest experiment was conducted which yielded evidence for RQ2.

Lastly, it remained to be seen whether TesCaV also, via this increased model coverage, allows users
to increase their model understanding skills (RQ3). Hereto, a two-group factorial design was
conducted.

Analyze the use of TesCaV
for the purpose of evaluation
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with respect to different levels of model coverage and understanding
from the point of view of the students
in the context of the master students with non-technical background.

Field Name Field Description
Id 8
Name TesCaV — Model-based Coverage

Validation Design

Field Description

Research Questions

RQ1: Do students find utility (effectiveness) in the use of TesCaV for learning Model-Based testing and
understand the coverage meaning?

RQ2: Does

these novice modellers?

RQ3: Does providing TesCaV to novice modellers enable them to transfer the acquired knowledge of test
coverage to new cases?

RQ4: Does
L]

providing novice modellers with TesCaV create a positive effect for the test coverage achieved by

H1: TesCaV improves the effectiveness of the test cases, in terms of coverage, conducted by a
student.

H2: Personal characteristics, such as age, gender and prior knowledge on testing, do not influence
the effectiveness of TesCaV.

H1: The usage of TesCaV yields an increase in the perceived test coverage of a software system
for novice users in terms of positive and negative test cases.

H2: Personal characteristics such as age, gender and previous knowledge on software testing do
not affect this increase in perceived test coverage.

H3: The usage of TesCaV yields an increase in the actual test coverage of a software system for
novice users in terms of positive and negative test cases.

H4: Personal characteristics such as age, gender and previous knowledge on software testing do
not affect this increase in actual test coverage.

providing TesCaV to novice modellers enable increase their evaluation capabilities?

H1: TesCaV significantly improves model evaluation capabilities of a novice modeler.

H2: The usage of TesCaV has a persisting learning effect on student’s model evaluation capabilities
when no longer used.

H3: The increase in model evaluation capabilities is not influenced by any particular personal
characteristics of users

H4: TesCaV motivates novice modellers to test their models more rigorously.

H5: there is a positive correlation between model coverage and model evaluation capabilities
irrespective of using TesCaV or not

Evaluation metrics

RQ1:

RQ2:

RQ3:

RQ4:

Post-questionnaire responses

Model coverage scores
Pre-questionnaire personal characteristics

Model coverage scores
Pre-questionnaire personal characteristics

Model evaluation scores
Pre-questionnaire personal characteristics
Model coverage scores
Post-questionnaire responses

Empirical strategy

Quasi experiment

Experimental Design

RQ1: posttest only design
RQ2 and RQ4: Two-group factorial design
RQ3: pretest-treatment-posttest design

Setup

RQ2 and RQ4:
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Pretest Model 1 without TesCaV\ Model 2 with TesCaV N Posttest
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Prequestionnaire Personal characteristics

LTEM [Tier 1: attendance; | RQ1: Post-questionnaire responses
Tier 2: activity; Tier 3:
learner perception]

LTEM [Tier 4: knowledge; | RQ2 and RQ3: Model 2/case B model coverage scores

Tier 5: decision-making and | p4. model evaluation scores
task competence; Tier 6:

remembering and applying]

Teacher’s perspective See Excel sheet template
Expected # of students 20-30

Target Subjects Graduates/postgraduates
Planned Date RQ1: 2018

RQ2: November 2022
RQ3: March 2023
RQ4: November 2023

The questions used to find an answer for RQ1 are based on UMUX. A total of 25 undergraduate
students participated in the experiment (Marin 2020). The responses for these questions are
presented in iError! No se encuentra el origen de la referencia.. Herein, the average scores for
each of the questions is provided. In general, students held a positive perception on TesCaV in terms
of fit for purpose and effectiveness. TesCaV scored lower on the efficiency and satisfaction
questions.

TABLE 32. RESULTS FOR TESCAV RQ1

Efficiency 2.20
Overall usefulness perception (Fit for purpose) 4.12
Satisfaction 1.92
Effectiveness 4.16
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THE RESULTS CONCERNING RQ2 HAVE BEEN PUBLISHED IN (F. A. CAMMAERTS 2022), HEREIN THE EXPERIMENT
WAS RUN WITH 50 GRADUATE STUDENTS ENROLLED AT THE FACULTY OF BUSINESS AND ECONOMICS AT KU
LEUVEN. THE STUDENTS WERE FOUND THAT HAVE A HIGHER MODEL COVERAGE WHEN THEY COULD USE TESCAV
(H1). THIS IS DISPLAYED IN FIGURE 6. COMPARISON OF THE WEIGHTED TEST CASE COVERAGE RESULTS (TC) AND
TIME SPENT (T) BETWEEN GROUP 1 AND 2 AND CASE 1 AND 2. SIGNIFICANT DIFFERENCES ARE INDICATED IN
GREEN, INSIGNIFICANT DIFFERENCES IN RED.

. Concerning the participants’ characteristics, no correlation between the test coverage scores and
their personal characteristics had been found (H2). This is shown in Table 35.

£61.c1= 24008 Fo co= 21498
TCg1 c1=64.37% TCg1 2= 67.09%
G 1 Case 1 without prc = 0.182
roup [Wilcoxon signed-rank test]
'07’
R
. %
pre = 0.000 s . prc = 0.291
[Kruskal-Wallis test] \\(\‘\)59 5\\ \\\\\L ‘\‘\\WG///(\_;\S‘,{-G/\ [Kru;kal—WalIis test]
\N 2N ~ N
o
Group 2 [Wilcoxon signed-rank test] Case 2 WIthOUt
pre = 0.000 TesCaV
TC(Z 1= 81.64% TC(UZ 64.18%

t(:l N 2332s t(;z_(:z— 1552s

FIGURE 6. COMPARISON OF THE WEIGHTED TEST CASE COVERAGE RESULTS (TC) AND TIME SPENT (T) BETWEEN
GROUP 1 AND 2 AND CASE 1 AND 2. SIGNIFICANT DIFFERENCES ARE INDICATED IN GREEN, INSIGNIFICANT
DIFFERENCES IN RED.

TABLE 33. EFFECT OF PERSONAL CHARACTERISTICS ON TEST SCORES, USING THE PEARSON CORRELATION
COEFFICIENT (ANOVA FOR GENDER)

Metric Prior knowledge on Computer self- Gender Age

testing efficacy (ANOVA) g
Test coverage score without -

. .011 .

TesCaV 0.089 0.0 0.663 105
Test coverage score with TesCaV 0.151 0.268 0.551 3_3 5
Test coverage score 0.103 0.303 0.761 -
improvement .303

The results of the experiment conducted for RQ3 are published in (F. a. Cammaerts 2024). A total of
45 graduates enrolled at the Faculty of Business and Economics at KU Leuven participated in the
experiment. For H1 the results are given in jError! No se encuentra el origen de la referencia..
Herein, students were found to believe to have less fully tested in terms of negative test cases, with
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no difference found for the positive test cases. Concerning the personal characteristics of the
participants (H2), no significant differences had been found based on their perceived model
coverage. This is shown in Table 36jError! No se encuentra el origen de la referencia.. When
looking at the actual model coverage of the participants (H3), thay had been found to increase their
model coverage both in terms of negative and positive test cases. The results hereof are given in
Table 37. The only personal characteristic that was found to slightly impact this actual model
coverage difference (H4) is the gender of the participants. The results hereof are given in Table 38.

TABLE 34. MEDIAN OF THE PARTICIPANTS' OWN PERCEPTION OF TEST COVERAGE FOR THE PRE-TEST AND THE
POST-TEST

Question CaseA Case Arevision Difference Wilcoxon signed rank test (p value)
Pre-test (1) Post-test (m3) H, :my # my H,:m; < my

Perceived sufficient positive testing 3 2 -1 0.59 0.71

Perceived sufficient negative testing 2 2 0 0.23 0.89

Perceived exhaustive positive testing 2 2 0 0.19 0.10

Perceived exhaustive negative testing 2 2 0 0.22 0.1

TABLE 35. CORRELATION OF PERSONAL CHARACTERISTICS WITH THE DIFFERENCE IN PERCEIVED TEST COVERAGE
BETWEEN THE PRE-TEST AND THE POST-TEST USING THE SPEARMAN CORRELATION COEFFICIENT (P-VALUE)

Variable Age Gender Confidence Experience
Perceived sufficient positive testing 0.14 0.44 0.74 0.99
Perceived sufficient negative testing 0.46 0.51 0.46 0.80
Perceived exhaustive positive testing 0.59 0.98 0.28 0.07
Perceived exhaustive negative testing 0.45 0.87 0.55 0.19

TABLE 36. AVERAGE NUMBER OF ACTUAL TEST CASES IDENTIFIED PER PARTICIPANT FOR THE PRE-TEST AND THE
POST-TEST

Testing type CaseA Case A:revision Difference Wilcoxon signed rank test (p value)
Pre-test (m,) Post-test (1) H, :my # my H,:m; <mgy
Positive test cases 3.75 4.58 0.83 3.47 x 1074 1.73 x 10~*
Negative test cases 3.06 3.88 0.81 2.08 x 10~* 1.04 x 1074
All test cases 6.81 8.46 1.65 4.51 x 107° 2.25 x 107°

TABLE 37. CORRELATION OF PERSONAL CHARACTERISTICS WITH THE DIFFERENCE IN ACTUAL TEST COVERAGE
BETWEEN THE PRE-TEST AND THE POST-TEST USING THE SPEARMAN CORRELATION COEFFICIENT (P-VALUE)

Variable Age Gender Confidence Experience
Positive test cases 0.29 0.03 0.74 0.59
Negative test cases 0.17 0.22 0.26 0.42
All test cases 0.15 0.04 0.36 0.73

What remained to be seen was whether this increase in model coverage, also means that students
better understand the models with which they were working (RQ4) . Hereto, a third experiment was
conducted. The design of this experiment was again a two-factorial group design. However, in this
case instead of measuring model coverage, model understanding was measured. This was achieved
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by asking students several true/false questions about a model. For each question a motivation was
also required to avoid students from guessing the correct answer. The students were divided in two
groups and took turns to evaluate two models with and without TesCaV.

In the experiment there were 16 graduate students at the Computer Science faculty at the university
of Porto who participated. However, only 7 of them completed the experiment fully by uploading
all required files. This low participation makes it difficult to do statistical analysis on the results.
However, based on the experimental run, it was still possible to learn some lessons for future
experiments.

Firstly, given the low rate of full submissions compared to the total number of participants, it
becomes clear that participant should be clearly told to submit all files. Even though they might feel
like they have not performed well in the experiment, their participation and the data it yields is still
of value. It should therefore be double checked whether everyone has fully submitted everything.
Secondly, due to the usage of a different cohort (business students vs CS students) and a different
university (KU Leuven vs UPorto) there might also be a discrepancy in the obtained results due to
different degrees of prerequisite knowledge. This is evidenced by the fact that no increases in the
model coverage scores had been found for the Uporto students, which was found for the two
previous experiments in KU Leuven. Further, there was also no correlation found between the
model coverage and the model evaluation scores. This could imply that the feedback by TesCaV
yielded no value to the UPorto students either in terms of increasing coverage and in increasing
model evaluation capabilities. Therefore, the importance of prerequisite knowledge is not to be
underestimated and should ideally by thoroughly evaluated during a pretest in the experiment.

ModelDefenders is a player-against-player webgame. To create a game of ModelDefenders, a user
can selectamodel from a predefined list of models or upload his own model. Thisis the Model Under
Test (MUT). The user is then also automatically the owner of that game. For each game, two users
play against each other, and each is assigned one of two roles: either they play as attacker, or as
defender. The attacker is tasked with creating mutants for the model under test. The defender is
tasked with defining test cases for the model under test. Alternatively, a mediator role can be
assigned to a third user who then takes on the role of checking which mutants survive the test cases.

Analyze the use of ModelDefenders

for the purpose of evaluation

with respect to user-friendliness/model coverage/model understanding
from the point of view of students/researchers/lecturers

in the context of the master students with non-technical background.
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Field Name Field Description
Id 9
Name ModelDefenders
Validation Design Field Description
Research Questions RQ1: Is the gameplay of ModelDefenders user-friendly?
RQ2: Does ModelDefenders help students achieve a higher model coverage?
RQ3: Does ModelDefenders help students achieve a better understanding of models?
Evaluation metrics RQ1: expert validation
RQ2: model test case coverage
- live/dead mutants
- killing test cases
- model coverage
RQ3: better understanding of models
Empirical strategy Quasi experiment
Experimental Design Two-factorial group design
Setup RQ1:
Model 1 as attacker Model 2 as defender Model 3 as mediator Interview
(m]
- =]
u] =
Model 1 as mediator Model 2 as attacker Model 3 as defender\
2 R A F a0 A
n}n
(M = () o o
Model 1 as defender Model 2 as mediator Model 3 as attacker
2 2 ' 2
20 &aR &% &
[ [ JEp dah - [
RQ2 and RQ3:
Pretest Model 1 as attacker Model 2 as defender Posttest
o000 o000 o000

Model 1 as defender Model 2 as attacker

Wi

Prequestionnaire

Personal Characteristics and Previous Knowledge questionnaire
Questions to understand model coverage and understanding

LTEM [Tier 1: attendance;
Tier 2: activity; Tier 3:
learner perception]

Post interview

LTEM [Tier 4: knowledge;
Tier 5: decision-making and
task competence; Tier 6:
remembering and applying]

Post questionnaire: questions to measure model coverage and understanding
Measured coverage/test cases/mutants (dead/alive) during experiment

Teacher’s perspective

Teacher’s questionnaire

Expected # of students

10

Target Subjects

Master students with non-technical background

Planned Date

1st experiment: expert evaluation — RQ1 — February 2024
2"d experiment: student evaluation - RQ2 - TBD
3rd experiment: student evaluation - RQ3 - TBD
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An initial expert evaluation has been conducted for ModelDefenders. Herein, three Model-Driven
Engineering experts were invited to play several games of ModelDefenders. The three experts were
each given one of the game roles: attacker, defender or mediator. Three games were played so each
expert could act once in each role. At the end of the game, an open discussion about the game and
possible improvements was held.

The initial expert evaluation has led to an interesting discussion on how points should be awarded
to the attackers and defenders in the game. In the original game, points were calculated each time
a new valid mutant or test case was submitted. For each mutant that the new test case killed, the
defender was given a point, while for each test case that was survived by a new mutant, the attacker
was given a point. However, this turned out to be giving the attacker an unfair advantage, as it is
easier to create new mutants that survive all test cases than create new test cases that kill all
mutants. Furthermore, this also meant that mistakes made in the beginning of the game, such as
creating a test case that is too simple, would result in the opponent getting extra points for this
mistake in all subsequent turns. Henceforth, a new scoring system was proposed. In this new
scoring system both the attacker and defender simultaneously submit their test case and mutant.
Instead of comparing the test case against all previous mutants, and the mutant against all previous
test cases, merely the new test case is compared to the new mutant. This means that per round at
most 1 point can be gained by either the defender or the attacker. Since herein no additional
information is provided to the attacker or defender (i.e. they do not know which mutant or test case
the other player will make), they are incentivized to come up with mutants and test cases as smart
as possible.

This feedback will be taken into account to improve the design of ModelDefenders. Once the design
has been updated, a new experiment can be conducted with students who have followed an MDE
course.

State-based testing helps in identifying complex bugs that may not be easily caught through other
testing methods. By focusing on the system's behavior across different states, students can learn to
uncover subtle errors that might otherwise go unnoticed. In addition, State-based testing requires
students to think critically and analytically about the behavior of a system. By designing test cases
based on different states and transitions, students can enhance their problem-solving skills and
develop a deeper understanding of software behavior.

This capsule is focused on creating teaching material for state-based testing, comprising of various
exercises. The material of the capsule will train the students on state-based testing and automating
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state-driven test generation. Finally, the capsule also provides ways to evaluate and compare unit
testing with state-based testing based on state-driven fault effectiveness.

Analyze the use of State-based testing
for the purpose of evaluation
with respect to understanding of state-driven systems, code coverage and fault catching

effectiveness

from the point of view of students/researchers
in the context of the master/ bachelor students with some technical background on testing and

modelling.
Field Name Field Description
Id 10
Name

Automated state-based testing

Validation Design

Field Description

Research Questions

RQ1: Does state-based testing help students achieve a better understanding of state-driven systems?
RQ2: Does state-based testing in combination with unit testing result in more coverage?
RQ3: Does state-based testing help students catch more state level faults?

Evaluation metrics

- coverage (RQ2)
- number of mutants killed (RQ3)

Empirical strategy

Experiment

Experimental Design

Pretest-Posttest design

Setup

-Participants write unit tests (Pretest)
Session on state-based testing (Test)
-Participants use automated state-based test generation approach (Posttest)

Prequestionnaire

Personal Characteristics and Previous Knowledge questionnaire

LTEM [Tier 1: attendance;
Tier 2: activity; Tier 3:
learner perception]

Post questionnaire (sections 1,2,8 (excluding games) )

LTEM [Tier 4: knowledge;
Tier 5: decision-making and
task competence; Tier 6:
remembering and applying]

Post questionnaire: questions to understand code coverage and understanding of state-driven systems
Measured coverage/state-level mutants (dead/alive) during experiment

Teacher’s perspective

Teacher’s questionnaire (if needed)

Expected # of students

10-15

Target Subjects

Students with some testing and modelling knowledge

Planned Date

September 2024

The experiment has not yet been run.
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Behavior Driven Development is a software development method that concentrates on user
requirements and expectations, facilitating collaboration among developers, testers, and product
owners, which focuses on automating acceptance tests.

This is a learning capsule that helps students understand the basics of BDD and how to define
acceptance tests that are then generated into automated tests, using the tool Cucumber.

The capsule sets out to cover the basics of:
1) Understanding the concepts of BDD;
2) Defining BDD scenarios in gherkin format;
3) Using the Cucumber framework to automate tests.

After having carried out this capsule, students will understand the fundamentals of BDD, using
Gherkin Sytnax for acceptance testing & the Cucumber tool.

The goal of the validation of Testing with BDD capsule following the GQM (van Solingen 2002)
template is:

Analyze the use of Testing with BDD capsule

for the purpose of evaluation

with respect to perceived usefulness and effectiveness
from the point of view of the students and teachers

in the context of the students of master degree level.

Field Name Field Description

Id 11

Name TESTING WITH BDD

Validation Design Field Description

Research Questions RQ1: Does the BDD testing capsule help students achieve greater unit test coverage?

RQ2: Does the BDD testing capsule drive development applying a test-first approach?

Evaluation metrics Final exercise rating from 0 to 10
Empirical strategy Case Study
Experimental Design o Prequestionnaire

. Present BDD testing concepts

. Define BDD scenarios in gherkin format

. Use the Cucumber framework to automate tests
. Post questionnaire

. Final exercises to assess LTEM tiers 4-6

Setup Installation of a number of IDE plugins following instructions

Prequestionnaire Personal Characteristics and Previous Knowledge questionnaire
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LTEM [Tier 1: attendance; | Post questionnaire on teaching method and learning materials, sections 1-8
Tier 2: activity; Tier 3:
learner perception]

LTEM [Tier 4: knowledge; | Final exercise
Tier 5: decision-making and
task competence; Tier 6:
remembering and applying]

Teacher’s perspective Teacher’s questionnaire

Expected # of students 20-30

Target Subjects Students of a Master in Software Development and Architecture
Planned Date February 2024

The experiment has not yet been run.

Cybercrime is more apparent now than ever before and can be found in many forms from hacking &
penetrating software to fishing & smishing and as it continues to rise year after year, the software
industry is paying an enormous amount of attention to make software more secure. With this, the
software testing community is realising the need to have cyber security testing incorporated into
software development lifecycles.

Cyber Security Testing is a learning capsule that helps students gain an understanding of the
fundamentals of cybersecurity testing and to apply frequently used techniques that can be used for
testing the security of web software as well as using some of the most commonly used tools for
simulating cyber attacks.

The capsule sets out to cover the basics of penetration testing leveraging Dynamic Application
Security Testing (DAST) and the tool OWASP Zap.

After having carried out this capsule, students will understand the fundamentals of cybersecurity
web testing, basic techniques for testing web security and some of the most commonly used tools
in the industry.

The goal of the validation of Testing with Cyber Security Testing capsule following the GQM (van
Solingen 2002) template is:

Analyze the use of Cyber Security Testing

for the purpose of evaluation

with respect to perceived usefulness and effectiveness
from the point of view of the students and teachers

in the context of the students of master degree level.
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Field Name Field Description
Id 12
Name CYBER SECURITY TESTING

Validation Design

Field Description

Research Questions

RQ1: Does Cyber security testing capsule help students achieve a better understanding of the fundamentals

of cibersecurity?

RQ2: Does Cyber security testing capsule help students to simulate cyberattacks?

Evaluation metrics

Final exercise rating from 0 to 10

Empirical strategy

Case Study

Experimental Design

. Prequestionnaire

. Present Cibersecurity testing concepts

. Explain different types of penetration attacks
. Show how the DAST tool is used for SQL injection attacks
. Use ZAP proxy to perform scans to detect web vulnerabilities

. Post questionnaire

. Final exercises to assess LTEM tiers 4-6

Setup

Installation of a number of tools following instructions

Prequestionnaire

Personal Characteristics and Previous Knowledge questionnaire

LTEM [Tier 1: attendance;
Tier 2: activity; Tier 3:
learner perception]

Post questionnaire on teaching method and learning materials

LTEM [Tier 4: knowledge;
Tier 5: decision-making and
task competence; Tier 6:
remembering and applying]

Final exercise

Teacher’s perspective

Teacher’s questionnaire

Expected # of students

20-30

Target Subjects

Students of a Master in Software Development and Architecture

Planned Date

Expert validation: July 24; Final validation: January 2025

The experiment has not yet been run.

Given that TDD is more present every day, especially in agile environments, it is important to raise
awareness on this topic. In terms of subjects, this capsule is oriented to a master's degree focused
on testing or cybersecurity. Hence, testing basics is required. The learning mechanism is based on
examples and exercises.
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Through a conversion example, students can leverage TDD properties while they develop
associated code to a use case. The use case is based on a conversion need between two measures.
This use case is addressed repeatedly, while making it more complex. In every step, TDD cycle is
applied in a practical way.

In terms of evaluation, a series of exercises will be provided for completion by the students, through
which they can expand the capabilities of the proposed scenario while allowing them to deepen
their acquired knowledge.

The goal of the validation of TDD following the GQM (van Solingen 2002) template is:

Analyze the use of TDD

for the purpose of evaluation

with respect to perceived usefulness and effectiveness
from the point of view of students and teachers

in the context of the VET students of programming courses.

Field Name Field Description
Id 13
Name Test Driven Development (TDD)

Validation Design Field Description

Research Questions RQ1: Is the TDD easy to be used?
RQ2: Does TDD help students to have a better understanding about testing?
RQ3: Does TDD help students to achieve a new approach in projects?

RQ2, RQ3: Results of the questionnaires

Evaluation metrics

Empirical strategy Case study, examples.

Experimental Design Exercises and real case.

Setup Git and using devtools like phpstorm or like debug/set up the project

Prequestionnaire Personal Characteristics and Previous Knowledge questionnaire

LTEM [Tier 1: attendance;
Tier 2: activity; Tier 3:
learner perception]

LTEM [Tier 4: knowledge;
Tier 5: decision-making and
task competence; Tier 6:
remembering and applying]

Post questionnaire (sections 1 to 6)

Final exam

Teacher’s perspective

Teacher’s questionnaire

Expected # of students

20

Planned Date

First semester of the 2024-2025 year (1% — January)

The curriculum for the upcoming training capsules has undergone validation by three subject
matter experts, ensuring its quality and relevance. The expert panel comprises the following

distinguished educators:
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Sergio Elvira: Background: Computer Engineer, Software Developer at the European
Commission, University Professor, and CESUR Training Center Instructor.

Jose Manuel Guillamén: Background: Computer Engineer and CESUR Instructor.
David Postigo: Background: Computer Engineer, Philology Graduate, and Pedagogue.

In an effort to enhance the learning experience and outcomes, the curriculum for capsule 13,
focusing on Test-Driven Development (TDD), has been meticulously crafted. The prerequirements
include a foundation in basic programming, familiarity with development methodologies, and a
grasp of fundamental testing concepts.

Key Points:

e Resource Diversity: The capsule integrates both digital multimedia and physical resources,
ensuring a comprehensive learning environment.

e Real-world Application: Emphasis is placed on the inclusion of real-world cases, enhancing
the effectiveness of pedagogy. This approach is carefully considered for both Capsule 13
and Capsule 14.

e Pedagogical Refinement: Recognizing the importance of effective pedagogy, the capsule
aims to improve the clarity of the TDD lifecycle. Prior to presenting procedural diagrams, a
more in-depth explanation will be provided, offering a contextual understanding of the TDD
process.

The commitment to delivering a well-rounded educational experience is underlined by the
expertise of our esteemed panel of instructors. Their collective knowledge ensures that the training
capsules not only meet academic standards but also provide practical insights into the dynamic
field of Test-Driven Development, therefore, the capsule were designed and adapted according to
the expert’s feedback.

We will evaluate this capsule during the first semester of academic year 2024-2025, which starts in
September 2024.

The learning objectives are giving students a broader understanding of the Agile methodology and
all its specifics. Essentially, it is an introduction to agile methodology and the Agile Testing
Quadrants.

In terms of learning mechanisms, this capsule is based on contextual learning, integrated within a
specific context and relates to real situations or practical scenarios.
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Hence, consequences are students can gain a comprehensive understanding of Agile methodology
and how to categorize different types of testing based on their objectives to achieve full solution
coverage.

In terms of evaluation, given a simulated scenario for the execution of a development project, with
a well-defined use of front-end and back-end technologies, take on the role of Team Manager and
establish all the necessary objectives to have a team that can achieve the goal within the stipulated
timeframe.

To achieve this objective, all the knowledge presented in the syllabus will need to be broken down,
providing a comprehensive image of the team's organization as well as its dynamics, including the
final stages of functional and non-functional testing

The goal of the validation of Agile & Testing following the GQM (van Solingen 2002) template is:

Analyze the use of Agile & Testing

for the purpose of evaluation

with respect to perceived usefulness and effectiveness
from the point of view of students and teachers

in the context of the VET students of programming courses.

Field Name Field Description

Id 14

Name Agile & Testing

Validation Design Field Description

Research Questions RQ1: Is Agile useful approach for students?

RQ2: Is Agile appropriated for projects?
RQ3: Does Agile help students to achieve a better understanding of new projects?

Evaluation metrics RQ1, RQ3: Results of the questionnaires

Empirical strategy Case study, examples.

Experimental Design Exercises and real case.

Setup Theorical cases on real projects, no setup needed.
Prequestionnaire Personal Characteristics and Previous Knowledge questionnaire

LTEM [Tier 1: attendance; | Post questionnaire (sections 1 to 6)
Tier 2: activity; Tier 3:
learner perception]

LTEM [Tier 4: knowledge; | Final exam
Tier 5: decision-making and
task competence; Tier 6:
remembering and applying]

Teacher’s perspective Teacher’s questionnaire
Expected # of students 20
Planned Date Theoretical validation — February 24
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The curriculum for the upcoming training capsules has undergone validation by three subject
matter experts, ensuring its quality and relevance. The expert panel comprises the following
distinguished educators:

Sergio Elvira: Background: Computer Engineer, Software Developer at the European
Commission, University Professor, and CESUR teacher.

Jose Manuel Guillamén: Background: Computer Engineer and CESUR teacher.

David Postigo: Background: Computer Engineer, Philology Graduate, and Pedagogue and
CESUR teacher.

In the validation process of Capsule 14, a comprehensive assessment has been conducted,
prioritizing the balance between theoretical knowledge and practical application.

Theoretical Base:

The capsule focuses on strong theory and practical use. It aims to link understanding and real-world
skills. This ensures that participants learn skills that are not just theoretical but also useful in work.

Course Setup:

After introducing the main idea and outlining the theory, the curriculum is streamlined. It focuses
on the most important parts of testing in Agile ways, in line with what industry experts need.

Main Focus Areas:

The course emphasizes Agile Testing Quadrants. It looks at how to use testing strategies in Agile
ways. The goal is to give participants the skills to blend testing into Agile development.

Use in Real Life:

The course suggests a hands-on approach. It tells participants to use their knowledge in real life.
Use of real cases makes sure that theory is not just understood but also deeply learned through use.

Interactive Learning:

The course design promotes active learning. Participants will talk, solve problems together, and do
practical tasks. This will create a lively learning space and give participants a chance to share
experiences.

Trends in Industry:

The course includes the newest ideas and best ways for testing in Agile. This gives participants
useful knowledge that fits with what's happening now in the industry.

Tests and Certification:

Participants will go through a tough test to show they understand and can use Agile testing ideas. If
they pass, they get a certificate that shows they are good at Agile testing.
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In the end, Capsule 14 is not just about theory, but a move into the world of testing in Agile ways. By
balancing theory and real use, this course wants to give participants skills and knowledge they need
for today's Agile ways, and this is the feedback received by the experts, which the course will follow.

We plan to evaluate this capsule during the first semester of academic year 2024-2025, which starts

in September 2024.

Teaching material and learning environment which allows students and teachers to focus on
Accessibility testing with a focus on the WCAG rules of the European Government.

Analyze the use of Accessibility testing and WCAG

for the purpose of evaluation

with respect to the perceived usefulness and effectiveness

from the point of view of students and teachers

in the context of the students of programming or general informatics courses.

Field Name Field Description
Id 15
Name Accessibility Testing and WCAG

Validation Design

Field Description

Research Questions

- How well do students understand and implement WCAG standards after module completion?
- What is the impact of the module on students' ability to conduct thorough accessibility audits?

Evaluation metrics

- Students' competency in applying WCAG standards
- Improvement in creating accessible digital content
- Feedback and satisfaction rates from students and educators

Empirical strategy

- Comparative analysis between pre and post-module assessments
- Qualitative feedback analysis from participants and educators

Experimental Design

- A mix of theoretical understanding and practical application
- Case studies and real-world project applications

Setup

- Digital classroom setup with necessary software and tools for accessibility testing
- Access to WCAG guidelines and resources

Prequestionnaire

Personal Characteristics and Previous Knowledge questionnaire

LTEM [Tier 1: attendance;
Tier 2: activity; Tier 3:
learner perception]

Post questionnaire (sections 1 to 6)

LTEM [Tier 4: knowledge;
Tier 5: decision-making and
task competence; Tier 6:
remembering and applying]

Tier 4: Knowledge

Online Quizzes: interactive quizzes with scenario-based questions that require understanding WCAG
guidelines and accessibility principles.

Flashcards: Digital flashcards that cover key concepts, guidelines, and best practices in accessibility, allowing
for self-assessment and repetition.

Tier 5: Decision-making and Task Competence

Accessibility Audit Assignment: Students will conduct a thorough accessibility audit on a given website or
application, requiring them to make informed decisions on prioritizing issues and recommending fixes.
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Role-play Simulation: Role-play scenario’s where students act as consultants for a fictitious company
needing accessibility guidance, challenging them to make strategic decisions based on real-world constraints.
Tier 6: Remembering and Applying

Peer Teaching: Have students prepare and present a short lesson to their peers on a specific aspect of WCAG
or accessibility testing, demonstrating their understanding and application of knowledge.

Capstone Project: Integrate a capstone project where students must apply their knowledge to create or
revise a web page or application to meet specific WCAG standards, showcasing their ability to remember
and apply accessibility principles.

Teacher’s perspective

Teacher’s questionnaire

Expected # of students

30-50 (assumed average based on class sizes)

Target Subjects

Students with some knowledge about testing

Planned Date

Teorethical validation on February 2024

The curriculum for the upcoming training capsules has undergone validation by two subject matter
experts, ensuring its quality and relevance. The expert panel comprises the following distinguished

educators:

Nele Van Asch: Background: Tester and CTG Instructor.

Jacques Herschkowitz: Background: IT and CTG instructor

This capsule assumes a foundational knowledge in web development practices and basic familiarity
with software testing principles. Understanding HTML, CSS, and JavaScript will enable students to
grasp accessibility concepts more effectively.

Key Points:

Holistic Learning Approach: Capsule 15 utilizes a blend of interactive e-learning modules,
hands-on accessibility testing tools, and tactile resources to create a rich educational
environment. This multimodal approach caters to diverse learning styles, ensuring
comprehensive knowledge acquisition.

Application in Real-world Scenarios: The curriculum places a strong emphasis on applying
WCAG guidelines to actual websites and digital products. Through project-based learning
and case studies, students gain practical experience in identifying and remedying
accessibility issues, bridging the gap between theoretical knowledge and real-world
application.

Pedagogical Innovation: To enhance pedagogical effectiveness, the module
systematically introduces the concepts of digital accessibility, starting with foundational
principles before delving into complex technical standards. This gradual, layered approach
facilitates a deeper understanding of the 'why' behind each guideline, fostering a proactive
attitude towards inclusive design.

Expert-Led Instruction: The module is delivered by a team of seasoned professionals and
academics specializing in web accessibility and inclusive design. Their expertise ensures
that the content is not only academically rigorous but also aligned with current industry
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best practices, offering students valuable insights into the evolving landscape of web

accessibility.

We will evaluate this capsule with students during the second semester of the academic year 2023-
2024 and the first semester of academic year 2024-2025.

The main objective of this course is to equip students with the knowledge and skills to create
effective and efficient test cases. By the end of the course, students will be able to understand and
apply various test design techniques.

Analyze the use of Test Design Techniques

for the purpose of evaluation

with respect to the perceived usefulness and effectiveness

from the point of view of students and teachers

in the context of the students of programming or general informatics courses.

Field Name Field Description
Id 16
Name Test Design Techniques

Validation Design

Field Description

Research Questions

- How effectively can students apply learned test design techniques in practical scenarios?
- What is the improvement in test quality and efficiency after module completion?

Evaluation metrics

- Accuracy and creativity in test case design
- Reduction in missed defects and overall test quality improvement

Empirical strategy

- Analysis of test case designs and outcomes
- Feedback from industry professionals on the relevance and effectiveness of the techniques taught

Experimental Design

- Practical application on sample or real projects
- Continuous assessment through module with final project testing

Setup

- Access to various testing tools and environments
- Sample projects or real-life scenarios for application of learned techniques

Prequestionnaire

Personal Characteristics and Previous Knowledge questionnaire

LTEM [Tier 1: attendance;
Tier 2: activity; Tier 3:
learner perception]

Post questionnaire (sections 1 to 6)

LTEM [Tier 4: knowledge;
Tier 5: decision-making and
task competence; Tier 6:
remembering and applying]

Tier 4: Knowledge

Interactive Workshops: Workshops where students can engage in hands-on exercises to design test cases

using various test design techniques learned in the course.

Concept Mapping: Students create concept maps that illustrate the relationships between different test

design techniques and their applications, fostering a deeper understanding of the subject matter.
Tier 5: Decision-making and Task Competence

Test Plan Development: Students develop a comprehensive test plan for a given software application,

making decisions on which test design techniques to use in different scenarios.
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Case Studies: Use case studies of past software projects with known issues. Ask students to analyze the cases
and decide how different test design techniques could have been applied to detect the issues.

Tier 6: Remembering and Applying

Tool Integration Exercise: Students with access to testing tools and frameworks will practice integrating test
design techniques into automated tests, applying their knowledge in a practical setting.

Collaborative Bug Hunt: A bug hunt activity where students work in teams to find and document bugs in an
application, applying test design techniques using gamification techniques.

Teacher’s perspective

Teacher’s questionnaire

Expected # of students

30-50 (assumed average based on class sizes)

Target Subjects

Students with some knowledge about testing

Planned Date

Teorethical validation on February 2024

The curriculum for the upcoming training capsules has undergone validation by one subject matter
expert, ensuring its quality and relevance. The expert is the following distinguished educator:

Wim Decoutere: Master in the Informatics, Test Design Specialist and CTG Instructor

Students enrolling in this capsule are expected to have a solid grounding in software testing
fundamentals and basic programming skills. Prior exposure to software development life cycles and
quality assurance processes will be beneficial.

Key Points:

Comprehensive Methodological Coverage: Capsule 16 encompasses a wide array of test
design techniques, from traditional black-box and white-box methods to contemporary,
experience-based strategies. This inclusive curriculum ensures students are well-equipped
to tackle diverse testing challenges across various stages of software development.

Hands-on Experimental Learning: The module emphasizes experiential learning through
simulated testing environments and real-world case analyses. This practical focus enables
students to apply theoretical techniques in authentic contexts, enhancing skill
development and problem-solving capabilities.

Dynamic Teaching Strategies: Recognizing the complexity of test design, the capsule
employs dynamic instructional methods, including interactive simulations, collaborative
workshops, and peer reviews. This approach encourages active engagement, critical
thinking, and the exchange of ideas, facilitating a deeper understanding of test design
principles.

Collaboration with Industry Practitioners: To ensure the relevance and applicability of
the curriculum, the capsuleis co-developed and periodically reviewed by a panel of industry
practitioners. Their input guarantees that the teaching material reflects the latest trends,
tools, and challenges in software testing, preparing students for the demands of the
professional world.

We will evaluate this capsule with students during the first semester of academic year 2024-2025,
which starts in September 2024.
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5. Summary and Conclusions

We performed a preliminary validation phase on 11 out of 16 capsules. It is important to mention
thatin the ENACTEST proposal we planned to design and perform the pilot evaluation of 10 capsules
by the end of the second year of the project (AUGUST 2024). This deliverable shows that we have
exceeded the number of capsules designed and have performed the pilot validation of 7 of them by
February 2024. Furthermore, four capsules are planned to perform the pilot empirical evaluations
before the end of the second year of the project. This demonstrates that the work in WP5 is
progressing adequately.

The results of the pilot evaluations allowed us to identify aspects to improve from students and
teachers' perspectives. Moreover, the results assess the effectiveness, usefulness and feasibility of
the capsules.

In addition, this validation phase was also useful to test our overall validation strategy. The results
obtained so far are encouraging. We will continue with the work planned in WP5 to perform the pilot
validation of the remaining capsules, and after that, to run the final validation of the capsules as we
plan for the third year of the project.
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