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Abstract. Software testing is a business-critical process used by private
and public organizations and an important source of market competi-
tiveness. Employees of these organizations are facing tough competition
and are required to be able to maintain and develop their skills and
knowledge in software testing. In the education market, many commer-
cial courses and certifications are available for industrial engineers who
wish to improve their skills in software development. Nevertheless, there
is a lack of access to world-leading research within the software testing
field in these commercial courses that supports the companies’ innovation
in software testing. As an alternative, universities are approaching this
challenge by developing academic courses on software testing that can
suit professionals who need to be able to combine work and studies. This
study highlights several good approaches and challenges in developing
and teaching three distance web-based software testing courses target-
ing test practitioners. The proposed approaches for enhancing teaching
of software testing in an online setting for industrial practitioners are:
active participation at the student’s pace, inclusion of software testing
artifacts from the student’s organization as part of assignments, continu-
ous access to online materials, the use of short video materials on testing
theory, and setting clear expectations for performing online test design
assignments. Finally, several challenges have been identified: poor feed-
back on assignments, distances between students and teachers, the use
of non-realistic assignments and the difficulty for industrial practitioners
to complete academic assignments each week. Future work is needed to
explore these results in practice, for example on how to shorten distances
between students and teachers, as well as how to enhance the inclusion
of real-world testing artifacts in course assignments.

Keywords: software testing education - web-based learning - online ed-
ucation - industrial practitioners - software engineering education

1 Introduction

Software plays a vital role in our daily lives and can be found in a number of do-
mains, ranging from mobile applications to medical systems. The emergence and
wide spread usage of large complex software products has profoundly influenced
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the traditional way of testing software. Nowadays, organizations need skilled en-
gineers that should maintain their software testing knowledge throughout their
careers. Even if many online courses on software engineeringﬂ and testingﬂ are
available from both private and public sectors, there is a lack of evidence on how
to design and teach such courses, what particular challenges teachers are facing
and how these courses can be improved and tailored to industrial practitioners
[11]. Specifically, software testing education [2] is an important aspect of a thor-
ough software engineering education. In these courses, students learn to apply
specific test design techniques and technologies for a given software under test.

In this paper we present the results of a longitudinal study on three online
software testing academic courses targeting industrial practitionersﬂ We identi-
fied several challenges that should be taken into account when designing online
courses on software testing: poor feedback on assignments, distances between
students and teachers, poorly supported assignments and some industrial prac-
titioner specific challenges. In addition, we identified several good approaches
for enhancing the development of online courses in software testing: active par-
ticipation at the student’s convenience and pace, inclusion of software testing
artifacts from industrial practice and creation of short video lectures of software
testing theory. These results can be used to improve online courses in software
testing that can suit industrial practitioners who need to be able to combine
work and studies.

2 Software Testing Education

Software testing education is an important aspect of learning software engineer-
ing. Education in software testing should ensure the supply of software testing
knowledge. Testing is widely considered to be an under-prioritized activity in
software and systems development. Courses in testing are providing an under-
standing of the fundamental problems, as well as practical methods and tools
for a systematic state-of-the-art approach to software testing. Books such as the
one written by Ammann and Offutt [I] are used in teaching as a pedagogical
approach to software testing instruction method in many university courses.
Garousi et al. [§] performed a literature review to map the the topic of
software-testing education. There are many pedagogical approaches and specific
tools used in testing education. For example, Hynninen et al. [I3] performed
a survey to find out the current state of industry in software testing educa-
tion. According to their results, some key learning objectives in software testing
disciplines can be used to identify the knowledge expectations from university

! For example Edx and Coursera offer MOOC-based software engineering courses.

2 Udemy is one of the providers that offer software testing MOOC courses.

3 The courses are given within the frameworks of PROMPT (https:
//www.promptedu.se/) and FUTURE (https://www.mdh.se/en/
malardalen-university/research/research-projects/futuree, cooperation
projects between academia and industry with the aim of strengthening competi-
tiveness in Swedish companies.


https://www.promptedu.se/
https://www.promptedu.se/
https://www.mdh.se/en/malardalen-university/research/research-projects/futuree
https://www.mdh.se/en/malardalen-university/research/research-projects/futuree

Teaching Software Testing to Industrial Practitioners 3

graduates and to align with the industry requirements. Garousi et al. [§] has also
identified the ways how to overcome some of these challenges in testing educa-
tion, including the alignment with industry needs. Nevertheless, there is a lack
of distance and online education course offerings for industrial practitioners. In
this paper we aim to cover this subject and identify the challenges and good
approaches in teaching software testing to industrial practitioners.

3 Moving to Distance and Web-Based Learning for
Industrial Practitioners

In the last five years, we have started digitizing campus courses and developing
new online courses to be exclusively given to industrial professionals. Working
in this new setting involves a close interaction with students using digital tools.
Nowadays, teaching has evolved and teachers are adopting blended learning tech-
niques throughout the whole process of giving a course. Similarly to the results
outlined in the study of Garrison et al. [9], we acknowledge that exploring and
assessing the impact of blended learning is important in bringing more relevant
learning experiences in these online courses. In the following sections, we outline
three online courses on software testing given at Méalardalen University.

3.1 A Course Module on Advanced Topics in Software Testing

This course developed at Mélardalen University provides an understanding of the
fundamental problems, as well as practical methods and tools for a systematic
state-of-the-art approach to software testingﬂ After the course, the participants
are expected to have an overview knowledge in more advanced testing methods
(such as model-based testing, mutation testing and search-based testing), and
in the state-of-the-art in software testing research. As shown in Figure [I} the
course is given in a flexible format where the theoretical content, covered in
video lectures, is interleaved with practical exercises. The course is divided into
five 1.5-credit modules: Introduction to software testing and test design, unit
testing, test design and automation, testing at integration and system level,
static and dynamic analysis and advanced test design (the course module under
investigation).

3.2 Model-Based Testing Course

This online course deals with model-based testingf] a class of technologies used
to assess the quality and correctness of large software systems in a more effi-
cient and effective way than traditional testing methods. Throughout the course
the participants learn how to design and use model-based testing tools, how to
create realistic models and how to use these models to automate the testing

4 https://www.promptedu.se/quality-assurance-the-applied-science-of-software-testing

5 https://www.promptedu.se/quality-assurance-model-based-testing-in-practice/
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(Interview) Model-Based Testing for industrial adoption - Jeff Offutt

Fig. 1. An overview of the course material as part of the advanced test design module
containing video lecturers and interviews with experts.

process in their organisation. We developed online material (including recorded
videos of certain lectures as shown in Figure [2) on basic model-based testing
terminology, creating models from industrial code, executing model-based tests
and how to use model-based testing in practice. After completing the course,
the students are expected to have acquired knowledge about models and un-
derstand model-based testing, develop practical skills and abilities on applying
model-based testing in industrial practice, to test software using model-based
testing in structured, organised ways. The students are admitted based on both
specific entry requirements for credits in computer science and industrial expe-
rience. The students can apply for the course and get their eligibility evaluated
based on knowledge acquired in other ways, such as work experience, and other
studies.

3.3 Automated Test Generation Course

The automated test generation course is focusing on how to generate tests au-
tomatically in the sense that test creation satisfying a given test goal or given
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Models

Fig. 2. A video lecture on model-based testing recorded using a campus course set-up.

requirement is performed automaticallyﬂ This course provides an understanding
of automating software testing using program analysis with the goal of intelli-
gently and algorithmically creating tests. The course covers search-based test
generation, combinatorial and random testing while highlighting the challenges
associated with the use of automatic test generation. The student is learning
about how to automatically generate test cases with assertions and to have a
working knowledge and experience in static and dynamic generation of tests.
The course is using a learning management system based on a discussion forum
(as shown in Figure [3) in which students and teachers collaborate with each
other throughout the course.

4 A Longitudinal Study of Developing and Teaching
Three Online Courses in Software Testing

We present our experiences from developing and running three online courses
(described in Section during the last five years. The courses were offered
as individual courses focused on flexible learning especially suited for working
professionals with a large part of the teaching being web-based.

4.1 Case Study Methodology

Little longitudinal research has examined online teaching in software engineering
or software testing. This study helps fill this gap. The approach uses a case

S https://www.mdh.se/utbildning/fortbildning/ai-och-mjukvaruutveckling/ |
| futuree-automated-test-generation
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Fig. 3. A view of the forum learning platform used in the automated test generation
course.

study design methodology informed by a number of methods from ethnographyﬂ
including the use of repeated surveys, anchored in discussions of artefacts created
by the course responsible. We followed the qualitative approach recommended
by Calderhead [6] in the form of a case study for gaining insights into teaching
through a variety of data collection methods over time. This study was conducted
as a multiple case study comprising three individual case studies, each focusing
on one of the courses described in Section [3] The research questions are: (1)
What challenges are affecting online teaching of software testing for industrial
practitioners? (2) What good approaches for improving distance and web based
learning of software testing are found when teaching industrial practitioners?

This study takes a qualitative approach, focusing on the experiences of the
course responsible and incorporating the knowledge of the context and its in-
sights and perceptions, while attempting to better understand online teaching
of software testing. The research was undertaken longitudinally to identify and
interpret the commonalities in each course instance from spring semester 2015
until spring 2020. Data was collected through analysis of study materials at the
end of each course by focusing on learning objectives, learning activities and
assessment tasks. No personal data was collected during this process. Data anal-
ysis was conducted to generate hypotheses and broader concepts [3] that can be
used by both researchers in investigating online teaching as well as by teachers
that can include these results in their own courses.

Methodological Approach for Data Collection. As ethnography aims to
explore a particular social phenomenon through research methods such as obser-
vations, we used this approach for data collection. This allowed the researcher
to gather data within the course environment (the context of the study). We

7 Ethnography is a research method for gathering data by active participation in the
studied phenomenon [I4].
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captured and interpreted the experiences of the students. The researcher ob-
served the activities in these course settings, taking handwritten notes. These
activities included interactions between the teachers and the learners as well as
the development of each course.

Data Analysis. We employed a process of thematic analysis to identify themes
emerging from the data set (i.e, researcher’s observations and personal reflec-
tions). This data was coded manually by grouping data (i.e., in segments of
text) under individual codes. These codes were organized into two categories:
good approaches and challenges. In addition, from the ensuing categories two
other overarching themes emerged: teaching and learning software testing with
digital tools and asynchronous communication between students.

4.2 On Teaching and Learning with Digital Tools

In practice, in the three courses under study, we are delivering online content
outside of the virtual classroom and students can watch online lectures in ad-
vance, have online discussions at home while learning new concepts in the virtual
classroom with teacher guidance through step-wise progression. This is achieved
by tackling content complexities with digital assignments that support progres-
sive learning [I2]. During this longitudinal study we have learned how to use a
variety of pedagogical techniques, including the use of visual aids (e.g., dynamic
diagrams, interactive slides, videos and audio recordings), virtual group-work,
student presentations and use case discussions. In addition, the use of learning
platforms such as Piazzaﬂ Scalable Learningﬂ and Canvaﬂ is important in us-
ing the teaching aids in an efficient and effective manner. We have developed
material for online courses, including;:

— Course Marketing Material. (e.g., Automated Test Generatio Software
Testing in the Video Game Industry|E|7 Software Testing Cours

— Audio Podcast. In 2017 we have started a podcast called Testing Habit{™]
in which we have conversations with researchers, scientists and technolo-
gists about technology transfer, software testing and software engineering
research. We have used this audio material in all ongoing courses.

— Video Recordings of Lectures. We have developed video recordings of regu-
lar lectures to be used in the flipped classroom method (e.g, Model-Based
Software Testing Lecturﬂ.

8 https://piazza.com/

9 https://www.scalable-learning.com/

10 https://www.instructure.com/canvas/higher-education/platform

"' https://play.mdh.se/media/0_f1243mpq

12 https://www.youtube . com/watch?v=CBIhu_9001Y

13 https://www.youtube . com/watch?v=0R63w8I0d9I

!4 https://podcasts.apple.com/us/podcast/testing-habits/id1255653631
5 https://wuw.youtube.com/watch?v=4fXBrZnj2JU
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Fig. 4. An example of a synopsis and evaluation conversation during a reading assign-
ment.

— Interviews with Experts. We have developed video interviews with relevant
academics to be used during lectureﬂ Voice over Slides Material. Some of
the videos we developed are in the form of voice over slides (e.g., Lecture on
Requirement based TestingiZ[).

During the last five years we observed that continuous teaching in online
courses is a source for the teacher’s digital learning evolution. The learning
evolves especially when students ask direct questions and through the correction
of online assignments. This is part of continuously improving the video lectures
and assignments by directly reflecting on how students are able to solve them in
an innovative way.

4.3 Asynchronous Communication and Course Assignments

For all three online courses most of the class is taught asynchronously and as-
signments leverage online educational opportunities to virtually merge students.
All groups in these case studies are using the same learning platform, watch
the same lectures, and read and discuss testing subjects. One example of such
a specific activity is an assignment in which students are summarizing, evaluat-
ing and critiquing a certain scientific paper on software testing. In this chosen
assignment, one student examines and critiques certain software testing papers
while others have the opportunity to critique the original synopsis. A snapshot
of a part of such a synopsis is shown in Figure [4 For the set of papers, each
student must submit a simple evaluation. The evaluation should be about a
page long and must be posted on the learning platform. Several people will be
assigned to write and post a synopsis evaluation for each paper. The synopses
should: (1) describe the testing problem, (2) describe the goals of the paper, (3)
describe and analyze the testing technique presented or the experimental setup,
(4) discuss the results and (5) analyze the industrial applicability. Two students
are designated as ”skeptics” for each paper and are required to disagree with
the posted synopsis and provide reasonable arguments. All students can join in
the discussion for each paper throughout this assignment. All postings, including

16 https://www.youtube . com/watch?v=jbrhbnmkyAI
17 https://wuw.youtube . com/watch?v=1pnqEom-x0w
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the reviews are done using the learning platform and all students can join the
discussion and read these comments.

Since this assignment is supposed to provide a collaborative learning oppor-
tunity and the discussions are asynchronous, the aim is to focus on the learner
and not the teacher, implying a more reliable understanding of the content [4].
In this way we aim to directly improve learning by focusing on the outcomes
students are meant to deliver during the assignment. This focus opens up dif-
ferent perspectives on how knowledge and learning is transformative in these
strict conditions of time and space. One perspective on learning achieved during
several assignments during the last five years is related to the theory of collective
activities to produce scientific knowledge [16]. Roth and Lee argue that knowl-
edge and learning from scientific articles as a collective praxis process achieve
more advanced forms of knowledge than individual could produce. This implies
that an assignment that tries to create opportunities for literacy that emerges
from a collective activity can be used to develop communities of praxis inside a
course. Another highly-related perspective of knowledge and learning relates to
Dewey’s pragmatism [I5]. This is where knowledge takes action form and theo-
ries (i.e., papers and reports read by students) become a tool and the application
of such a tool (i.e., critique work during the assignment) is producing and reor-
ganizing the experience needed for obtaining more understanding. In addition,
we observed during multiple course instances that the chosen assignment relies
on the problem-solving abilities of the students involved in this process.

These two perspectives of pragmatism and praxis on this kind of assignments
can be used to focus on different aspects of quality in learning and teaching. Since
online courses attract larger cohorts, the emerging community contained in some
cases unengaged students and lack of interactivity between them. Assignments
from this perspective can result in ineffective assessment and relatively limited
feedback. To counteract this, some researchers [7] have proposed new engagement
strategies for community learning by using more interactive digital content and
gamification. Given the environment and online platform used, there are ways
in which the pragmatic perspective can support learning and development for
this particular assignment. The issue here is that our own experiences in using
these assignments are not profound given that the assignment under study has
been tested in practice in couple of instances of the course. There is a scant
opportunity for improving it, but there is some evidence [I8] that more analysis
of these experiences together with constructs of pragmatic interactions can be
used for a proper analysis. This is especially needed when taking into account
that the technology used can influence the context of pragmatic learning.

Our experience is that when designing software testing assignments the teacher
interaction and reflection is important when providing learning opportunities for
feedback and critical review. We discovered that ceding control of learning and
knowledge acquisition to the learner can be formative and encourage community
reflection. In the end, our scope is to develop a small community in an online
setting which is a challenging proposition in itself since learning is a social pro-
cess made up of connections between the concepts learned and the other learners
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in the community. This assignment is constructively aligned with the rest of the
course since the other assignments are built on stepwise analysis and reflection
by the students. The peer review assignment was used as a method for this par-
ticular learning activity and the course is all about learning how to be a tester.
The link between the other assignments and this one is strong given that only
a successful engagement in the activities and completion of the assessment task
can make a student achieve the subsequent individual learning outcomes related
to peer review and experimentation.

In addition, the peer review activities used in all three courses can be re-
designed and improved using the behaviorist theory of teaching [5]. The idea
would be to use both positive and negative reinforcement to shape the online be-
havior of students by focusing on blended learning. The objective of the redesign
should focus on creating a more dynamic community where active participation
and teacher reinforcement can be implemented by using awards and gamifica-
tion aspects through competitions. In these sessions, the community members
can realize that they are not alone in experiencing the reinforcements and lead
to a sense of trust in the group and their achievements.

4.4 Challenges and Good Approaches

In this section we outline the identified challenges affecting online teaching of
software testing for industrial practitioners. In addition, we present several good
approaches for improving distance and web based learning of software testing. We
collected these results based on our experiences from teaching several instances
of these courses in the last five years using an ethnography-based case study and
thematic analysis.

The identified challenges are outlined in Table |1} For all three courses we
experienced that poor feedback on assignments can influence the progression
of the student throughout the course. One recommendation is to define a clear
success criteria and how you as a teacher are going to measure it in an online
setting. Getting the students to keep going throughout the course, means that
the teacher needs to ask for feedback early and give feedback early and often.
To address this challenge we used audio and video assignments feedback instead
of a traditional source code and tests solution. In this way, the student could
rather quickly gather evidence needed to modify the assignment for passing the
stated learning outcome.

Another challenge relates to the geographical, social, cultural, and temporal
distances that can have an impact on online teaching. These distances are not
well studied in the teaching of software testing literature. We experienced con-
cerns from students that factors related to these distances are making commu-
nication between teacher and student more difficult. For example, we observed
that spoken language in videos affects the communication of different testing
theory subjects. In our experience, a way of overcoming this type of distances
is to use different tools and techniques such as filming a practical test session
in the test environment while performing a certain assignment. However, the
use of testing and programming tools can negatively impact learning efficiency.
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Table 1. Overview of challenges and recommendations for teachers.

Challenge

Recommendations

1. Poor feedback on assignments

Speed up feedback loops by providing au-
dio or video feedback.

2. Distances between students and teachers

Short distances improve online teaching of
software testing. Some distances can be
mitigated with certain tools.

3. Testing topics are not sufficiently ex-
plored in certain assignments

Use realistic testing assignments that in-
cludes uncontrolled variables which creates
the complexity necessary to fully under-
stand the practical testing challenges in-
volved in a certain topic.

4. Poorly supported assignments by other
teaching means

Assignments need to be clearly connected
to the testing-related lecture material, but
also to the reading instructions.

5. Difficulty for industrial practitioners to
complete academic assignments each week.

Assignments need to be relevant for the
company and the student.

6. For industrial practitioners completing
the course is not as desirable as it is for
regular students.

Learning effects are more important and
students need to be engaged for visible re-
sults throughout the course.

The challenge is that these tools may have compatibility distances and may not
always work well given that some are used in ways they are not designed for.
Just as in empirical and experimental software research, the use of controlled
experiments as assignments where we are able to control all independent vari-
ables in order to measure the dependent variables seems needed. The challenge
we have faced (Challenge 3 in Table [1]) relates to cutting away all that which is
not relevant in an assignment, and hence the solution was easier to comprehend.
For some classes of testing assignments (e.g., test design techniques theory) we
found that this is not a problem, whereas for other more hands-on assignments
we found that developing realistic scenarios is a challenge. Our recommendation
is to include assignments that contain uncontrolled variables in which the actual
complexity is needed to fully understand the practical challenges involved in a
testing topic. For example, software testing courses are often taught with a focus
on test design techniques and test execution, whereas the real challenges arises
from software testing ”at large” such as in the case of model-based testing and
automated test generation, where intelligent and automated methods need to
be used when thousands of new code changes happen per week and ambigu-
ously specified test specifications are used. Clearly, the latter situation calls for
different pedagogy methods and more realistic assignments to be created.
Another challenge relates to assignments that are loosely connected to the
lectures and the course book. Some students were not able to directly identify the
material that is required to understand what an assignment is about and how to
conduct it. In an online setting, a practitioner has a limited time to perform an
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Table 2. Overview of good approaches and their implications for teachers.
Approach Recommendations

1. Active participation in teaching at the
student’s convenience and pace (although
within a specified time frame).

Encourage collaboration given that learn-
ers are strongly motivated to acquire
new testing skills and make professional

progress. The learning activities need to be
flexible in time, place and form to cater for
different learning styles and circumstances
among the involved testing practitioners
and their companies.

2. Inclusion of software and testing arti-
facts from the student’s organization as
part of the course assignments.

Testing education for professionals with
employment in software companies needs
context-specific learning elements by
choosing situated learning.

3. Continuous access to key concepts and
online course materials.

Motivate your students by providing
mandatory and optional materials. Make
sure to link all the related material explic-
itly and throughout the course.

Human attention span is short and hence
your recorded video segments should be re-
stricted to a few minutes (at most 15-30
minutes).

4. Video segments on testing theory should
be restricted to a few minutes.

5. Provide clear expectations together with
the needed tools and frameworks needed
for performing assignments.

Use suitable tools and make sure they can
be used by all students given that you com-
municate clear expectations.

assignment. A recommendation for addressing this challenge is to design online
assignments that are clearly connected to both the lecture material and also to
the reading instructions.

In all three courses we observed that it is more difficult to motivate indus-
try practitioners to continuously perform an academic assignment. As a recom-
mendation, a teacher in software testing needs to design assignments that are
relevant for the company and the student. In addition, the assignment needs to
contain precise instructions throughout the entire assignment. Another identified
challenge relates to industrial practitioners’ lack of desire to obtain credits and
completing all parts of a course. In our online courses, we observed that obtain-
ing credits and completing the course were not important reasons for performing
certain assignments. Some students did not complete a certain assignment on
time and drop out of the course. As a recommendation, teachers might not want
to maintain strict deadlines during the course.

In addition, we identified several good approaches for online teaching of soft-
ware testing (shown also in Table . A first approach is to encourage active
participation by following the actual pace of the student. A second good ap-
proach relates to the inclusion of software artifacts from the student’s context in
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the course assignments. This is important, since different learning goals require
different ways of teaching and learning. Testing examples and exercises should
connect to the students’ companies and application domains. A third good ap-
proach is focusing on providing, throughout the course, all the material including
concept maps as inventories for all course modules. These are powerful tools for
outlining and relating key testing concepts. In addition, we included stories since
these tend to be remembered better than facts or abstract principles. Given that
these courses were separated in modules, we spaced out the study material since,
in our experience, this leads to better long-term learning than providing every-
thing in a single module. A fourth good approach identified in several course
instances is to make sure that students can actually follow lectures. One should
record video segments on software testing theory that are not longer than a
few minutes. It is more important to give an easily accessible overview of the
testing topic that can continue with an in-depth exercise. In addition, a fifth
good approach is to provide clear expectations on each assignment and use tools
that can be used easily by all students. It is important that each module has
a workload breakdown structure for all expectations per week, including how
communication should take place (e.g., in discussion groups).

5 Discussions and Limitations

Overall, the results from this study are obtained using the experiences in teach-
ing software testing in an online setting targeting industrial practitioners in three
separate courses. Even if these results are directly related to online education in
software testing, some of the listed challenges and good approaches are generic
enough and can target any online course. We recommend evaluating these chal-
lenges and good approaches in teaching of more software engineering topics.
Nevertheless, when developing online courses in software testing one should try
to address the challenges of understanding the objectives and details of the test-
ing topics explored in each assignment and how these testing assignments are
supported by all the needed instructions and details. Some of the mitigations
to the described challenges are already known to other domains [T0/T7]. This
is an indication that these results could be relevant to other software engineer-
ing practices, both for an academic and an industrial perspective. For research,
the experiences provided in this paper are useful as they bring knowledge from
teaching industrial practitioners in an online setting into academia. By under-
standing that teaching practitioners is not a trivial approach, further research
is made possible. We invite other researchers to revisit in other contexts the
experienced challenges and good approaches.

Our main aim with this paper is to highlight the themes, challenges and
approaches that arose from the development and running of online courses in
software testing targeting industrial practitioners. This qualitative approach has
produced an understanding of the challenges and good approaches in online
teaching of software testing in the industrial context. This approach has its
limitations regarding the small sample size of courses used in this analysis and the
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uni-dimensional collection of observations; therefore, no attempt to generalize
the results of this study is made. We hope the findings of this study will stimulate
further research on teaching software testing to industrial practitioners in an
online setting.

6 Conclusions

This study has illustrated how advanced topics in software testing practice and
research can be taught to industrial practitioners. We report several good ap-
proaches and challenges in developing and teaching distance web-based courses
in three software testing topics: software testing theory of advanced test design,
automated test generation and model-based testing. We identified several chal-
lenges in online teaching of software testing: poor feedback on practical assign-
ments, distances between students and teachers, poorly supported assignments,
and also some industrial practitioner-specific challenges. In addition, we iden-
tified several good approaches for improving online courses in software testing:
active participation at the student’s convenience and pace, inclusion of software
artifacts from industrial practice and creation of short video lectures among oth-
ers. Finally, our results show that more research on online teaching of software
testing is needed and that teachers and researchers need to take the aspects of
teaching industrial practitioners more clearly into account.
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