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Abstract. Applying Design Science Research (DSR) methodology is becoming a
popular working resource for most Information Systems (IS) and Software
engineering studies. The research and/or practical design problems that must be
faced aim to answer the question of how to create or investigate an artifact in a given
context. Precisely characterizing both artifact and context is essential for effective
research development. While various design science guidelines and frameworks
have been created by experts in IS engineering, emerging researchers and
postgraduate students still find it challenging to apply this research methodology
correctly. There is limited literature and materials that guide and support teaching
novice researchers about the types of artifacts that can be developed to address a
particular problem and decision-making in DSR. To address this gap in DSR, this
paper explores DSR from a didactical perspective, explaining both the concept of
DSR and an effective method for teaching it. The paper includes examples of DSR,
a teaching methodology, didactic objectives, and recommendations. Moreover, we
have created a draft survey artifact intended to gather data on the experiences of
design science users. The goal is to evaluate the methodology and discover insights
into contemporary issues and needs for DSR best practices. The survey results offer
a comprehensive overview of participants' experiences with DSR in the SE and IS
Engineering domain, highlighting broad engagement primarily initiated during PhD
studies and driven by supervisory guidance and research problems.
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1 Introduction

DSR has evolved rapidly as a common research methodology in the Information
Systems (IS) and Software Engineering (SE) disciplines, which is aimed at
designing innovative and practical Information Technology (IT) artifacts, such as
conceptual models and software systems [1], through diverse approaches that make
use of IS/SE engineering approaches such as innovative platforms, architectures, and
technologies for the engineering of any specific kind of IS.

Natural science helps humans understand the world around them and to seek

explanations for the seemingly unexplainable. This is why IS studies frequently
follow a natural science-oriented cycle, which suggests the structure that follows the
steps of: problem definition, literature review, hypothesis development, data
collection, analysis, results, and discussion [4]. This is directly connected with the
SE life cycle to be followed for the design and implementation of software systems
for the IS under study. Our work has always connected IS development and SE
practice through the proposal of Conceptual Modeling Programming (CMP)
approaches [13, 12, 3]. Following that working direction, in this paper we focus on
a DSR application that can be applied to either IS and SE research working
environments indistinctly.
According to [9], DSR is poised to take its rightful place as an equal companion to
natural science research in the IS field. Therefore, IS scholars have realized the
significance of DSR in improving the effectiveness and utility of IT artifacts when
solving real-world business problems [8]. [15] defines design science as the design
or investigation of an artifact in a context that may follow either an engineering cycle
to design an artifact or an empirical cycle to investigate a knowledge problem.

In this paper, we adhere to Wieringa's perspective on DSR, which provides a

clear and explicit distinction in characterizing research works. The distinction lies
in either focusing on designing an artifact intended to solve a particular stakeholder
problem, thereby achieving their goals (leading to a design cycle) or addressing
knowledge questions that require empirical research studies (leading to an empirical
cycle).
This initial step in DSR characterization is crucial to delineate whether the research
deals with a practical problem, the resolution of which will "change the world" by
creating something that did not exist before (the designed artifact). Alternatively, the
research may aim to answer a knowledge question, contributing to extending
knowledge about a specific problem without "changing the world" to create a new
concrete artifact. This distinction is vital because the working cycle for conducting
a well-structured research project depends on this selection: practical problems
versus knowledge questions.

Solving problems in a research-oriented manner needs to adhere to a design

cycle strategy, while research aimed at addressing a knowledge question must follow
an empirical cycle strategy. Since these two approaches involve different strategies,
they also follow distinct steps. A design cycle encompasses problem investigation,
treatment design, design validation, treatment implementation, and implementation
evaluation. On the other hand, an empirical cycle involves an initial knowledge
problem investigation, selection of the research design type, design validation,
execution of the research (experiment), and evaluation of the results.
There is significant potential in advancing this domain by supporting emerging
researchers with scientific materials that guide and teach them the application of
DSR, considering its various dimensions, whether design-based or knowledge
question-based, as a well-structured methodology. However, its application is not
simple. Several significant decisions challenge the correct practice of DSR: Is the
research problem centered around designing or improving an artifact (a practical
problem), or is it, on the contrary, focused on answering knowledge questions? Is it
a combination of both? In such cases, how does one integrate a design cycle, which
involves creating an artifact, with its evaluation that requires result analysis to
answer empirical research questions? Currently, our teaching experience in this
context has identified gaps related to documenting the user experience to assess
correct DSR practice. This serves as the central problem motivating our work.

All that leads to the problem of how to teach DSR correctly. What does it mean
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to apply DSR "correctly"? How do we identify the aspects that must be considered,
and how do we evaluate the corresponding user experience? Moreover, how can
these aspects be collected in a manner that can be used to gather practical data
concerning DSR use? These problems have not received sufficient attention from
DSR experts as they are not well-documented. Furthermore, there is a need for
continuous assessment of DSR in IS and SE research. This paper explores these
problems through a study that aims to bridge the gap between DSR teaching and
practice by presenting a survey for DSR assessment as a research methodology for
IS and SE, which the DSR community may utilize for ongoing assessments.

The chapter's contribution is fourfold: First, it summarizes what DSR is, using

an illustrative example. Second, it presents how to teach DRS, including learning
objectives, thematic units, teaching methodology, teaching plan and
recommendations. Third, it proposes a concrete survey with the objective of
gathering valuable data on the experience of DSR users to assess its practical use
and discover good practice recommendations. Fourth, a first validation is reported
based on collecting up to seven samples from completed Master's and PhD theses at
a university in Europe and a university in Africa.
This validation process has allowed us to propose a final extended and enriched
version, incorporating insights learned from the reported experimental validation.
With that, we aim to clarify what aspects should be considered when teaching DSR
in practice. The survey itself can be seen as a tool that on the one side helps to better
understand the particularities of DSR teaching, and on the other side can be used
also by others to generate a body of practical knowledge about how to improve
design science-based teaching.

To achieve our objectives, we maintain consistency with our interest in DSR by
following a Wieringa-based approach [15]. This DSR approach begins by
summarizing the DSR main characteristics and fundamentals in a Nutshell (section
2), then it highlights how to teach DSR (section 3). Next, we state the problem and
its need (problem investigation, section 4). Next, we introduce a survey to analyze
how DSR is perceived by students (section 5). Subsequently, we report the results
and discussion of such survey (section 6). The chapter concludes with a section on
conclusions and further work, followed by the references.

2 Design Science Research: Fundamentals in a “Nutshell”

DSR can be defined as the design and investigation of artifacts in context [15]. The
artifacts are designed to interact with a problem context in order to improve
something in that context. The artifact itself does not solve any problem. It is the
interaction between the artifact and a problem context that contributes to solving a
problem. An artifact may interact differently with different problem contexts and
solve different problems in different contexts. Examples of artifacts are methods,
services, tools, business processes, or software systems, while examples of contexts
are: norms, desires, people, or organizations.

DSR is divided into two parts: Design problems and Knowledge questions.

Design problems call for a change in the real world. A solution is a design, and there
are usually many different solutions. Knowledge questions do not call for a change
in the world but ask for knowledge about the world as it is. To see examples, let’s
use the title of a research work; that must be its best summary and must help to
identify both artifact and context well.
For an example of a design problem, let’s take this research work’s title: “Design of
a usability and usefulness test to evaluate the quality of cloud service providers.”
The artifact is the test itself, while the context is the quality evaluation of cloud
service providers. An example of a knowledge question would refer to a research
work intended to find out if the test is really usable and useful for cloud service
providers, having as title “Evaluation of the usability and usefulness of a test to
assess cloud service providers quality.”

It is not always so simple to identify and distinguish artifacts and contexts. Look
at this other example: imagine a research work with the title “From Adoption to
Endurance: Exploring the Dynamics of AI Adoption Across Time and Contexts”.
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While context is well-identified (indeed, the whole title appears to introduce the
context), what is the artifact in this case? How the context under analysis is going to
create one solution? What solution? This is a good example of how teaching
practices must take this crucial point as a central one for discussing good DSR
practice and recommending research titles where both artifact and context are
clearly identified, making true the statement that the research title must be the best
summary of a research work.

Two different dimensions help to characterize the context correctly: social and
knowledge. The problem context of an artifact can be extended to the stakeholders
of the artifact and with the knowledge used to design the artifact. This extended
context is the context of the DSR project as a whole. The resulting picture is a
framework for design science, shown in Fig. 1, that should help to identify the
context of a research work. The social context determines who are the stakeholders
that will benefit from the use of the artifact, what their goals are, how they will be
accomplished, or what are the funding constraints of a research project. The
knowledge context consists of existing theories from science and engineering,
specifications of currently known designs, valuable facts about currently available
products, lessons learned from the experience of researchers in earlier design science
projects, and plain common sense. DSR uses this knowledge and may add to it by
producing new designs or answering knowledge questions.

Social context:
Location of stakeholders
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\ 4

Design science

Design Investigation
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Knowledge context:
Mathematics, social science, natural science, design science, design specifications, useful facts,
practical knowledge, common sense

Fig. 1 A framework from Design Science [15].

For example, in the social context of genomic data analysis, we aim to design an
artifact to help data analysts interpret the genomic information correctly. So, the
investigation to answer is, “Is the system's usability enough to help improve the
genomic data interpretation?” In the knowledge context we find usability guidelines,
templates of graphical user interfaces, and design recommendations.

DSR is conducted in a design cycle or in an empirical cycle. The design cycle is
associated with a Design problem. It includes the definition of the problem
investigation, the treatment design, and the treatment validation. The result of the
design cycle is a validated treatment ready to be transferred to the real world.
Depending on the research strategy, the design cycle can be divided into different
subcycles in order to have a large cycle that gathers all the research. Each subcycle
must specify the different tasks to be fulfilled in order to reach the goals. For
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instance, this can happen if the research includes a sequence of component designs,
and each one requires an individual design (sub)cycle. Or if each component of the
design cycle has itself a cycle associated to its development.

Fig. 2 shows an example of a design cycle divided into three subcycles for this
specific illustration. This example is the one previously described to design an
artifact to help data analysts to interpret genomic information. The tasks of each
cycle are represented with the prefix “T” in Fig. 2. The first subcycle affects the
problem investigation step. It includes tasks for studying the current state of the
problem, the social context (or stakeholders), and the comparison of the results with
existing works. The second subcycle is the treatment design, which aims to define
artifacts in order to conduct the investigation. This cycle defines the knowledge
context (or theories) of the research. The third subcycle is treatment validation,
where empirical studies are conducted to analyze whether or not the results meet
expectations.

T3. PROPOSAL OF
USABILITY
GUIDELINES FOR
GENOMIC DATA

T2 STUDY OF EXISTING
USABILITY GUIDELNES

TREATMENT DE SIGN

' T4.DESIGN OF
PROTOTYPES

T1. STUDY OF USABILITY
PROBLEMS IN GENOMIC

PROBLEM
INVESTIGATION

SYSTEMS
T5. PROPOSAL OF
ASOLUTION
T6. DEFINITION OF
T8. CONTRAST THE
RESULTS VERSUS EXPERIMENTAL
PREVIOUS STUDIES DESIGN
TREATMENT WALIDATION
ALYSIS OF THE
RESULTS

Fig. 2 Example of a design cycle to build usable systems in genomic data analysis.

The empirical cycle is associated with a knowledge question, and it is structured
as a checklist of issues to decide when a researcher designs a research setup and
wants to reason about the data produced by this setup. The cycle starts with a list of
questions about framing the research problem. The rest of the checklist is about
designing the research setup and the inferences from it, about research execution,
and about data analysis.

The checklist of the empirical cycle is a logical grouping of questions that help
you to find justifiable answers to scientific knowledge questions. The checklist
depends on the specific research. An example of a checklist may include: the
motivation of the experiment, the research questions, the definition of variables, the
specification of metrics, the definition of the experimental design, the definition of
the protocol, and the mitigation of threats to validity.

This cycle aims to answer knowledge questions that cannot be answered using
the literature, asking experts or testing a prototype. The cycle includes tasks to
define the research problem, design the research setup, research execution, and data
analysis. In the same way, as in the design cycle, the empirical cycle can be divided
into subcycles.
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Fig. 3 shows an example of an empirical cycle to analyze whether or not usability
guidelines improve the usability of the graphical user interfaces and what guidelines
have more effect on the user experience. Note that in this example, the research does
not propose a new approach; it aims to evaluate existing approaches.

The example is composed of three subcycles, each one with specific tasks
identified in Fig.3 with the prefix “T”. The first subcycle aims to define the context,
which includes the definition of the research questions, the required profiles of the
population, the experimental design, and the generalization of results once the
experiment is over.

The second subcycle is the experiment execution, where we recruit the population
and we conduct the experiment to get the measurement. The third subcycle analyses
the results with statistics and interprets such data.

T4. POPULATION
RECRUITMENT

T3. EXPERIMENTAL
DESIGN DEFINITION
T2 POPULATION
CHARACTERISTICS
IDENTIFICATION

EXPERIMENT EXECUTION

L

T4,
MEASUREMENT

T1. DEFINITION OF THE
RESEARCH QUESTIONS

CONTEXT
DEFIMITION

T5. STATISTICAL

T7. GENERALIZATIONS COMCLUSIONS

T5.
EXPLAMATIONS

Fig. 3 Example of an empirical cycle to evaluate usability guidelines.

Summarising, four main aspects are to be considered relevant for a sound DSR
teaching process which educators may take into consideration when formulating
DSR learning outcomes:

1. The first aspect to take into account is how to identify the precise artifact that
is designed and the proper context in which it is intended to work. The correct
identification of both artifact and context becomes an essential initial step of
any DSR process, as we have already discussed earlier.

2. Another aspect to consider is selecting an adequate title, where both the artifact
and the context can be clearly recognized.

3. A third aspect is to delimit the scientific nature of the research. Does the
research core face a design problem or a knowledge question? Is there a new
artifact as a result of the research work that did not exist before? Or, on the
contrary, the research work is about accumulating knowledge concerning
already existing artifacts?

4. Once the research nature has been characterized, the fourth, and last aspect
refers to selecting the particular research cycle (design cycle or empirical
cycle) that better fits the planned research work that must be developed.
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These four aspects and considerations of how DSR is used in practice, together
with all the dimensions discussed in the previous sections, have guided the learning
objectives and thematic units that should structure a basic course to teach adequately
Design Science. The next section describes how to teach DSR, covering both the
theoretical foundations and the practical skills necessary to engage in this innovative
research methodology.

3 How to Teach Design Science Research

This section describes how to teach DSR in a potential course for researchers in IS
and SE, especially for PhD students who are starting their research. This section
deals with the course's objectives, how it is divided into thematic units, the teaching
method, the teaching plan, and some recommendations. Classes combine theory and
practical exercises, ensuring that all theoretical concepts can be seen in real-world
applications. We begin by outlining the learning objectives that students are
expected to achieve upon completing the course:

o Objective 1: Students should be able to define and explain key concepts of
design science.

e Objective 2: Students should demonstrate the ability to apply design science
principles to real-world problems.

e Objective 3: Students should effectively work in teams, contributing to and
learning from their colleagues.

e Objective 4: Students should exhibit strong critical thinking skills, able to
evaluate their work and make improvements based on feedback.

o Objective 5: Students should be able to integrate design science principles
into their PhD or MsC research, producing high-quality, rigorous academic
work.

In order to reach such objectives, the course is divided into thematic units.
Thematic units have been extracted from the book written by Wieringa [15], which
describes how to apply DS to computer science in detail.

Unit 1: What is design science?

Unit 2: Research goals and research questions
Unit 3: The design cycle

Unit 4: The empirical cycle

These thematic units are taught using a teaching method that begins with the
problem definition. This involves identifying a problem or need within the realm
of SE, such as developing new software, optimizing an existing system, or creating
new software development method, among others. This problem will be used
throughout the entire teaching process. The teacher defines the problem on their
own, and it is recommended to choose a problem with which most of the students
are familiar. Moreover, the teacher divides the students into several groups of 3 or
4 students. These groups will participate in the following steps of the teaching
method.

Once the problem has been defined, the method involves describing all the
elements in a theoretical class. All the elements shown in Fig. 1 are explained. Each
concept is defined as described in the definition of the DSR method. Next, using the
previously defined problem, each group of students must think about how the
concept can be operationalized for that specific problem. For instance, this is the
right time to determine if the research a centered around a practical problem, a
knowledge question, or both. A precise answer to these questions will facilitate the
correct DSR application process. First, there is an initial discussion within each
group. After 5 minutes of internal discussion, each group shares their thoughts with
the other groups. Each concept involves brief brainstorming within the groups and
among the groups, facilitating the generation of ideas. At the end, the teacher decides
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which ideas are the most suitable for that problem.

After introducing all the elements of the DSR method, and once the nature of the
research is delimited (practical problem, knowledge question, and their potential
connections) the next step is to consider the necessary cycles that depend on the
research nature decision. Each group must determine whether the research method
requires one or more cycles, which of these cycles are to define the approach (design
cycle), and which ones are required to validate those approaches (empirical cycle).
Additionally, each team must specify the different tasks required in each cycle. After
one hour of group work, each group shares their conclusions with the other groups.
The teacher decides which proposals are the most suitable for that specific problem,
discussing the pros and cons of each solution. Once the concepts of the DSR method
have been introduced, and students know how to define the different cycles, the final
part of the teaching method consists of applying the DS method to each student's
PhD thesis. Groups are eliminated, and each student works individually. Usually,
the DSR course is taken by PhD students, so each student has a different research
project where DSR can be applied. From now on, we assume that the audience of
the proposed course are PhD students, although the ideas can be applied to any
academic research working context.

Working individually, each student must specify how the different terms of DSR
can be applied to their research, as well as think about the necessary cycles and tasks.
A short document must be prepared to show specifically how DSR can be applied.
Elaborated documents are reviewed by the teacher outside the classroom. Written
feedback can be provided to each student in such a way that, beyond learning DSR,
the result can be included in the PhD document as part of the student's work.

The teaching plan should span at least 4 hours to be able to teach the minimum
while it can be gradually expanded. In that sense, we propose at least two lecture
units or a half-day tutorial to teach the essence of design science. Effectively
teaching DSR can as well be captured in an entire course, that could emphasize
particular aspects of the practical application of Design Science depending on the
setting and which learning objectives the educator might want to stress. Next, we
describe the teaching plan for the minimum time to be spent on key aspects (4
hours). Below is the timeline:

o From 0 minutes to 15 minutes: The teacher presents the problem to be discussed
during the class and creates the groups of students.

e From 15 minutes to 1 hour and 30 minutes: The teacher presents the different
elements of DS. Each element is worked on within each group and then shared
among the other groups.

eFrom 1 hour and 30 minutes to 2 hours and 30 minutes: Each group must
specify the different cycles to solve the described problem. There is a
discussion first within each group and then among the groups.

e From 2 hours and 30 minutes to 4 hours: Each student must individually apply
DSR to their PhD research and elaborate a short document with the results.

Finally, we summarize some recommendations both, from the point of view
of the teacher and from the point of view of the student. From the point of view
of the teacher:

e Choose real problems: Select problems that are relevant and familiar to the
students. This enhances engagement and makes the learning process more
meaningful.

e Group work: Encourage collaborative learning by organizing students into
groups. This fosters teamwork and allows for the exchange of diverse ideas.
The results of the group work do not need to be perfect but should serve as a
way to discuss several alternatives.

e Regular feedback: Provide timely and constructive feedback throughout the
learning process to guide students and help them improve their work. It is
recommended to provide written feedback individually to each PhD thesis.
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This way, all details can be processed calmly by the student.

e Problem used as a guide throughout the learning process: Choose a
problem that is easy enough for all students to understand the context and the
problem itself. It is not advisable to start with a problem related to a real PhD
thesis, as these topics are very specific and not all students may understand
them. Try to adjust the problem to the audience.

e Encourage critical thinking: To properly apply DSR to each PhD research,
the student must have learned DSR properly beforehand. The teaching process
should strongly involve discussion both within the groups and among the
groups. If the students do not participate actively in the discussions, the teacher
must encourage and facilitate this discussion. It is crucial that students learn
from the discussion what is correct and what is not. In classes with poor
discussion, more errors are observed when students apply DSR to their PhD
research.

From the point of view of the students, these are the recommendations:

e Participate actively in the group work: Collaborate with your peers in group
activities. This fosters teamwork, allows for the exchange of diverse ideas, and
helps you learn from different perspectives. Remember, the goal is not
perfection but to explore various alternatives and learn from the process.

e Seek and reflect on feedback: Regularly seek feedback from the teacher and
colleagues of the group. Constructive feedback is crucial for your
improvement. This can for instance help to clearly identify what is provided
by the research (concrete artifact) and what is the context of interest for such
a solution, which are crucial dimensions for conceptually characterising a
research contribution. When the feedback of the PhD research is provided at
the end of the course, take time to reflect on it. DSR properly applied to your
research is an essential section in your PhD memory.

e Engage in discussions: Actively participate in discussions during class.
Whether in group discussions or class-wide debates, sharing your thoughts and
listening to others will deepen your understanding. Do not be afraid to speak
up, even if you are unsure, these discussions are valuable learning
opportunities.

e Document your process: Keep detailed records of your design process.
Documenting your steps, decisions, and reflections will help you track your
progress and provide valuable insights for future projects. Taking notes and
ideas in the discussion stage can be very helpful when you apply DS to your
specific research. Words easily go with the wind.

4 Problem Investigation

Despite the fact that more than a decade of DSR discussions and the publication of
the seminal papers by Gregor, et al [6], Hevner et al [10], Kuechler. & Vaishnavi
[11], Peffer et al [14] and Wieringa [15] which led to significant growth in DSR
popularity in IS and SE, good DSR practice is still a problem for researchers
interested in using DS as their research methodology. Literature highlights the
emerging development of DSR methodology in postgraduate studies projects, which
presents a challenge to understanding their research philosophy and the application
of this methodology [2].

The reality is that the experience of emerging researchers, such as doctoral
students, regarding DSR adoption is still not well-documented [5, 2]. Furthermore,
there is limited support and guidance for documenting and effectively managing
DSR processes. This indicates that the existing literature and materials that guide
novice researchers on the underlying philosophy of DSR studies, the development
of artifacts to address specific problems and decision-making on DSR guidelines to
address issues need to have robust and well-documented support.

Given this shared background, it is evident that evaluating the application of DSR
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to improve the user experience and support the methodology constitutes a
challenging journey. This justifies the development of a standard survey artifact that
may serve as a tool for DS Custodians such as [8, 11, 14, 18, 20] and IS and SE
engineering researchers in their ongoing work. The survey should include a set of
questions that conceptually characterize the dimensions to be considered if we want
to understand DSR practice. We want to improve how to teach it by identifying
which aspects the teaching process should focus on, and we aim to collect data for
further analysis.

The data collected using the survey artifact may contribute theoretically to the
DSR literature gap (conceptual characterization of DSR methodology versus its
successful practical application) by providing insights into the DSR user experience
and the need for improvements in this domain. Lastly, the analysis results can also
aid in assessing the maturity of the DSR methodology in solving real-life problems
to deliver valuable artifacts in concrete contexts, providing value in a clear, well-
delimited, and convincing way. All these objectives guide our work, leading to the
design of the survey that we introduce in this work.

5 Survey Artifact for DSR Users’ Experience

There is no guide to applying DSR correctly, and the practical application of some
elements of the DSR teaching process (which we discuss in this chapter) can be
confusing. To develop a solution to address this practical DSR problem, we propose
a first version of a survey artifact that intends to gather data on design science users'
experience to assess the methodology application, and discover insights on the
contemporary issues and needs for DSR best practice. This survey may be re-used
by other educators as a preparation for designing/aligning the course with the target
audience.

Table 1 The first version of yes/no, multiple choice” and “open-ended” questions on the survey
artifact for DSR application and experience

1. Have you used Design Science research prior PhD?

2. Where did you use design science methodology?

3. What motivated the research to take DSR approach?

4.  What problem was the research solving? Or what was the
research problem?

5. What type of artifact has the study produced?

6.  Whose design science guidelines did your study follow?

7. Were you aware of other guidelines than the one you used for
your study?

8. If yes, why did they go for the one you chose, if you selected
no then type N/A

9. Did the main purpose of your study follow the empirical
research cycle and/or engineering cycle?

10. Did you evaluate the artifact?

11. How did you evaluate the artifact?

12. Did you attend a Design science workshop before/during the
study?

13. What challenges have you experienced when using design
science methodology?

14. What opportunities have you experienced when using DSR
methodology?

15. What are the lessons learned in the journey?

16. What kind of support do you wish you had received during the
journey?

17. Were they ever discouragement from carrying on with the
methodology during the study?

18. What is interesting about the methodology?

19. What is less interesting about the methodology?

20. Have you published your research conducted using design
science methodology?
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The survey draft was informed by the literature on the DSR research gap and the
need to scientifically document DSR user experience especially for the case of
postgraduate students with the aim to discover insights that will help DSR custodians
and scholars in the IS Engineering and SE domain to provide the necessary support
to apply best practice towards the methodology. Our survey, in its basic version, has
20 questions as indicated in Table 1. These questions are clustered into six (6)
groups, whose conceptual justification is now introduced.

e Cluster 1: Experience: questions 1 to 2 focus on identifying the level of DSR
experience as a scholar in the domain.

e  (Cluster 2: Purpose: questions 3 to 5 delimit the problem concerning the artifact
intended to design (artifact identification-oriented).

e Cluster 3: DSR guidelines selection: questions 6 to 9 determine the DSR
guidelines selected to accomplish the artifact's design in its working context
(context characterization-oriented).

e Cluster 4: Evaluation: questions 10 and 11 explore if the artifact has been
evaluated, and how.

e C(Cluster 5: User’s experience: questions 12 to 19 investigate the support,
experience, and satisfaction in the application of the DSR guidelines.

e Cluster 6: Dissemination: question 20 determines if the results of the project
delivered through DSR have been published, emphasizing the sharing of
information about DSR use and value.

6 A First Qualitative Analysis of the Preliminary Survey for DSR
Users’ Experience

In our attempt to employ the proposed survey to collect data that could help us to
better understand and improve design science teaching, this section presents
preliminary results obtained from the qualitative analysis of the survey. It is reported
according to the six clusters that structure it. The analysis was conducted on a small
sample size, as it was intended to pilot the artifact in preparation for data collection
from a larger sample.

Our sample included participants who utilised DSR in their postgraduate

studies, who are in scope of educational measures taken in order to prepare them
for applying DSR.
Responses were received from 21 participants (4 doctoral, 14 master's graduates,
and 3 bachelor's degrees). Feedback is useful for analyzing how DSR is applied in
various research fields. Moreover, the results provide insights into the benefits and
drawbacks of using DSR in a teaching context and indicate how to proceed to
continuously improve such a DSR teaching experience.

6.1 Artifact Results and Discussion

This section introduces and discusses cluster by cluster on what the survey results
meant in terms of the better understanding and continuous improvement of the
teaching methodology that is to be followed for DSR teaching practice. In
responding to the questions in cluster 1, which aimed to gather the DSR experience
of the participants as scholars in the IS Engineering domain, two questions were
posed. These questions were designed to identify users' experience and knowledge
of DSR. QI inquired about prior DSR use (before either a PhD Thesis or an MSc
Thesis), while Q2 focused on where participants had utilized design science
methodology before.

The participants indicated that they have used DSR of which most of them
highlighted that they used the methodology before their PhD studies. We conclude
that it is important to know the DSR background of DSR users before starting a
sound DSR teaching strategy, to calibrate well how detailed the introductory
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material must be.

Cluster 2, which aimed to define the problem that the artifacts were to address,
was faced using three questions identified as Q3 to QS5, that focus on the survey
instrument. Q3 inquired about the motivation behind choosing the DSR approach;
Q4 sought to determine the problem the research aimed to solve or the research
problem itself; and Q5 was designed to explain the type of artifact the study intended
to generate.

The findings highlight that the motivation to conduct the study through design
science came from the supervisor/study advisors while some participants followed
the methodology to better characterize the problem that the study intended to
address. The artifact that most participants produced was a model, system, or
method.

In this context, an accurate artifact identification becomes an essential actor of
the DSR teaching process. This confirms our practical experience, where the precise
identification of the artifact that a research work is designing or informing, is what
takes more time and stronger discussions. A research work must be built on a clear
and concrete characterization of the artifact that is being designed.

Problems which were solved by the DSR studies included.
e Genomic data quality measurement.
e Design, develop, and validation of a platform for managing genomic data.
e Conceptual Model of the Genome to improve understanding of the genomic
domain.
e Creating artifacts to teach systematic literature review.
What model will inform the adoption of a smart learning environment for a
Secondary School in Ekurhuleni North district?
Lack of appropriate models to inform data governance relating to Big Data.
Access to education in low bandwidth areas.
Online fraud detection model.
How can a Pharma company integrate Gen Al to stay competitive and
innovative?
e Developing a method for identifying KPIs for a strategic alignment of IT
Projects.
e How to diminish the impact of senior consultant turnover on knowledge
management in a software editing company?
e  What strategies are most effective in managing organizational change when
transitioning to electronic invoicing in B2B processes?
e Rethinking/redesigning the Requirements Engineering process of an IS
Department.
e  What solutions can be implemented in a company to reduce the costs of IS?
e How can organizations implement strategies to increase user adoption of SSBI
tools?

For better understanding when we face a design (practical) problem or a
knowledge question, with their corresponding engineering cycle (in the design
problem case) or the empirical cycle (for the knowledge question case), Table 2
shows the list of DSR problems that we have presented above, classified according
to these characteristics.

From the perspective of the survey's assessment, it was positive to observe that
very different topics aligned well with the survey's purpose, and that identifying the
type of artifact at the core of the analysed research became a clear and informative
task. The problem identified by the survey reflects interest in both the design cycle
and the empirical cycle. Some topics focused on design (practical) problems, where
models and methods were developed. In contrast, others focused on knowledge
problems, involving information-based investigation into how organizations can
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better implement strategies and studies on how to diminish the impact of senior
consultant turnover. Our last conclusion in this context was how important it is to
delimit clearly if the DSR process involves a practical problem or a knowledge
question. Again, this confirms our practical experience around how to determine this
aspect after having precisely identified artifact and context: artifact and context
require a different treatment depending on being facing a practical problem or a
knowledge question, as it has been discussed before in this chapter.

Cluster 3, where DSR guidelines were selected, aimed to determine the
guidelines used to accomplish the artifact's design. In this cluster, four questions
were posed on questions 6 to 9 of the survey instrument. Q6 asked about which DSR
guidelines were followed in the study; Q7 inquired whether participants were aware
of different DSR guidelines than the ones they used for their study; QS
complemented the previous question, clarifying why the participant selected the
chosen guidelines when the answer to Q7 was yes. Finally, Q9 asked about the main
purpose of the study when following either an empirical research cycle and/or an
engineering research cycle.

The results indicate that participants commonly used DSR guidelines from
Hevner et al [10], Vaishnavi & Kuechler [11], Peffers et al [14], Wieringa [15].
Those who used Wieringa [15] tended to follow the engineering cycle, while
participants who used Hevner et al [10] and Peffers et al [14] followed the Empirical
cycle. Moreover, those who followed Wieringa [15] were not aware of other
guidelines, while those who used Hevner et al [10], Peffers et al [14] and Vaishnavi
& Kuechler [11] were knowledgeable about alternative DSR guidelines.

Participants noted the reason for choosing Hevner et al [10] as its ease of
understanding and support for model development. On the other hand, the choice of
Peffers et al [14]. was attributed to the clarity and detail of its guidelines, along with
the recommendation by supervisors.

Table 2 Examples of DSR problems and cycles.

Examples of DSR problems DSR cycle Type of DSR
problem

Genomic data quality measurement. Engineering Design

Design, develop, and validation of a platform for Engineering Design

managing genomic data.

Conceptual Model of the Genome to improve Engineering Design

understanding of the genomic domain.

Creating artifacts to teach systematic literature review.  Empirical Knowledge

What model will inform the adoption of a smart learning ~ Empirical Knowledge

environment for a Secondary School in Ekurhuleni

North district?

Lack of appropriate models to inform data governance  Empirical Knowledge

relating to Big Data.

Access to education in low bandwidth areas. Empirical Knowledge

Online fraud detection model. Empirical Knowledge

How can a Pharma company integrate Gen Al to stay = Empirical Knowledge

competitive and innovative?

Developing a method for identifying KPIs for a strategic ~ Engineering Design

alignment of IT Projects.

How to diminish the impact of senior consultant Empirical Knowledge

turnover on knowledge management in a software

editing company?

What strategies are most effective in managing Empirical Knowledge
organizational change when transitioning to electronic

invoicing in B2B processes?

Rethinking/redesigning the Requirements Engineering Empirical Knowledge
process of an IS Department.

What solutions can be implemented in a company to  Empirical Knowledge
reduce the costs of IS?

How can organizations implement strategies to increase ~ Engineering Design

user adoption of SSBI tools?
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Based on the questions asked in cluster 3 and the responses from the participants,
we found that answering the questions became an easy task, and the provided
information was useful for better understanding and comparative analysis.

We assume that DSR can be successfully applied using any of the existing DS
approaches, and our conclusion here is that it is important to make DSR users be
aware of the fact that different valid DSR approaches exist and that it is important
to make explicit and known their strong conceptual connections. It is also fruitful to
explain why a particular selection is done to be used in practice.

Cluster 4, focused on the evaluation of the artifact, aimed to establish if the
artifact was implemented and how the evaluation was conducted. To address this
cluster, two questions were presented through Q10 and QIl1 of the survey
instrument. Q10 inquired about whether the research work included artifact
evaluation, while Q11 focused on how the artifact had been evaluated. From the
findings, all the participants indicated that their artifacts were evaluated. The
evaluation was done through experiments, surveys, focus groups, and interviews. It
appears that all who used the engineering cycle of the DSR used experiments and
interviews to evaluate the artifacts of their study, while those participants who
followed the empirical cycle used surveys and focus groups.

Based on the questions asked in cluster 4 and the responses from the participants,
we also found the results informative, aiding in obtaining a better understanding of
what was done and how, particularly in terms of distinguishing the practical problem
vs. knowledge question dichotomy that we discussed earlier. The main implication
of this distinction is that a design cycle focuses on the design of an artifact, and an
implementation directly suggests the use of such a practical problem-based working
context. In this case, the evaluation corresponds to a validation step, and it is then a
part of the contribution.

Alternatively, an empirical cycle indicates that there is no implementation, and
the value of the research concentrates on a strong experimental task that constitutes
the core of the research contribution. An in-depth analysis of particular survey
answers can allow to assess that these connections exist in order to confirm that a
sound DSR practice is applied. On the other hand, accumulating data from many
individual cases could make it possible to perform a data analytics process to
confirm that correct DSR patterns appear when we compare a significantly diverse
set of concrete Design Science applications cases.

Cluster 5 aimed to gather users' DSR application experience to investigate the
support, experience, and satisfaction in the application of DSR guidelines. It covers
the user’s experience dimension. This cluster was addressed through eight questions
on the survey artifact, specifically questions 12 to 19. These questions cover various
aspects in this regard. Q12 explores whether participants attended any Design
Science workshops before or during the study; Q13 asks about challenges
experienced by DSR users when using the design science methodology; Q14 seeks
declarations of opportunities obtained as a result of DSR methodology use; Q15's
purpose is to find out lessons learned in the DSR application journey; Q16 detects
any potential support that was lacking during the process; Q17 asks for potential
discouragement from continuing with the methodology during its application; Q18
emphasizes aspects considered as more interesting by participants and that provide
a concrete, useful benefit; finally, Q19, on the contrary, explores what was seen as
less interesting about the methodology.

This cluster provided interesting information that showed us how collecting this
type of info could help us better understand the particular context of DSR practice,
what affects the planning of a DSR teaching process. In particular, the participants
reported to have received training (except for one participant who indicated that they
did not receive training during their studies). Understanding the design cycles
seemed to be a challenge for the participants who did not receive training,
emphasizing that the methodology is highly encouraged. Furthermore, other
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participants indicated that they experienced challenges in positioning the research
problem into either design or empirical problems and selecting the evaluation
framework. This mimics our practical experience, where the characterization of the
research work as either a research (practical) problem or knowledge (empirical)
question is always a complex task for students.

Therefore, a suggestion to provide more examples of the methodology is

recommended to support students in understanding DSR. Additionally, training
should be offered at the early stages of the study. Educators can also design the
learning material based on the participant's needs and clear learning objectives and
outcomes may be set to address these challenges.
Some participants highlighted that they were initially afraid to use DSR; however,
they realized it was doable as they persevered and managed to complete their
studies. Overall, the participants indicated they were not discouraged from using
DSR, although some mentioned feeling discouraged along the journey as they
engaged with the methodology.

This cluster facilitated the identification of methodological problems
encountered by the participants in practice. The information was more diverse, yet
informative, covering an aspect—methodological usability and the practical ease of
use—whose positive properties were not as clear and convincing as expected.
Cluster 6 aimed to establish if the work had been disseminated. Specifically,
question 20 determined if the project's results delivered through DSR had been
published, emphasizing the sharing of information about DSR use and value. To
address this cluster, the question was whether participants have published the
research conducted using design science methodology to determine if the DSR use
was reported and documented. Out of 21 participants, only 19% (four participants)
have published their work, some published in conference proceedings while other
participants published their work in journals.

Summarizing the survey experience, the results provide a comprehensive
overview of the participants' experiences and insights regarding the application of
DSR in the SE and IS Engineering domain. The responses indicate a broad
engagement with DSR methodologies, primarily initiated during PhD studies, driven
by both supervisory guidance and the inherent problems the research aimed to solve.
Evaluation methods varied, with empirical cycles favouring surveys and focus
groups, while engineering cycles leaned towards experiments and interviews.
Training and methodological clarity emerged as critical needs, with participants
emphasizing the value of early and structured educational support. Despite initial
apprehensions, participants found the DSR methodology feasible and ultimately
rewarding, with most publishing their findings. Overall, the survey underscores the
practical utility and adaptability of DSR, while highlighting areas for enhanced
support and training to optimize its application in academic research.

7 Conclusion

This work has introduced DSR to identify what aspects must be considered when
improving and reinforcing DSR teaching in practical cases. A set of illustrative
examples have been introduced and discussed from a didactical point of view. The
work also describes the didactic objectives of a DSR course, the teaching
methodology, thematic units, the teaching plan, and some recommendations. Next,
we introduced a survey artifact that can be used to gather reflections and experiences
of DSR users, especially emerging researchers. The survey incorporates those
aspects considered crucial for a good DSR teaching practice, and it is intended to
assist in the ongoing assessment of DSR in SE and IS Engineering to attract expert
guidance and interventions required for achieving a sound DSR teaching process. It
is now ready to be used on a larger scale to generate a valuable dataset that could be
subjected to sound data analysis to understand better how DSR is used in practice.
The survey experience has provided a useful set of lessons learned that are
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presented in this chapter. We know continuous improvement is needed to capture
users' experience. Still, we argue that the survey is already a valuable artifact that
can be re-used and continuously adapted by the community to gather valuable data
that should help fine-tune the DSR teaching process we are applying. Our
immediate working plan includes conducting a massive data-gathering process
intended to collect information on DSR practical use in several universities, oriented
to PhD and Master students that use Design Science as a research methodology for
their works. The survey aims to be naturally improved with the results of such
evaluations. Educators may also use the survey to assess learners' experience with
the DSR application; Moreso, gaps may be identified, which will further inform the
DSR learning Design and materials required for the associated teaching process.
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Appendix 1

Survey Artefact

The draft survey can be accessed using this URL.
https://drive.google.com/drive/folders/18SmsLRzbBnJQCsf4KZEUEnDYeGyqHsPZ
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