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Abstract: Epistemology refers to the philosophy of knowledge and aims to address central questions of how we create new
knowledge. All research paradigms can be distinguished in terms of epistemological assumptions, that is, assumptions of
how knowledge is produced in the respective paradigms. Design science research (DSR) is a research paradigm often used
in technical disciplines for the creation of artefacts. DSR has roots in pragmatism, where beliefs and theories are evaluated
based on the success of its practical application. New knowledge is produced in DSR when original artefacts are created to
solve a problem. The epistemological assumption of DSR can then shortly be defined as ‘knowledge through making’. At its
core, DSR is goal-orientated and its practical approaches are focused on delivering the product according to straight-
forward processes - without being affected by human factors. This process of acquiring new knowledge is efficient but not
necessarily effective in terms of capturing all aspects of the experience of the practitioner. Frameworks exist for the
creation of artefacts in DSR, but the process of knowledge generation is not explicit. The aim of the paper is to guide
explicit knowledge generation in DSR. The research question is “How can we make the process of obtaining knowledge in
DSR more explicit?” DSR Frameworks are iterative in nature and focus on the creation and evaluation of artefacts. There is
an implicit assumption that reflection takes place in these iterations. Schon, author of The Reflective Practitioner, writes
that new knowledge is produced through reflection during and after an event has occurred. He also states that you can
only have a complete understanding of a problem through the dual process of reflection-in-action and reflection-on-action.
We argue that this also holds true for artefact design and development in DSR. A reflective DSR practitioner can explicitly
indicate how knowledge is produced in the design science research cycle. The effective use of reflective practice changes
each individual phase of a DSR framework from goal-orientated to problem-orientated. Epistemologically, knowledge is
then produced through ‘learning by doing’, which gives DSR a worldview that supports reflective practice. The paper
promotes the incorporation of reflective practice in DSR and provides a demonstration thereof in an example on the
preparation of IT students for their chosen career.
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1. Anintroduction to the epistemological assumptions of design science research

All paradigms have ontological, epistemological and axial assumptions which guide the research process
(Vaishnavi & Kuechler, 2004; Oates, 2006; Scotland, 2012). Even though these terms motivate assumptions
about reality, knowledge and value for any intellectual effort, they are implicit for most people, including
researchers (Vaishnavi, Kuechler & Petter, 2017). Researchers may conduct investigations for the duration of
their professional careers without realising the philosophical implications of their research approaches (Kuhn,
1996). One of these terms, epistemology, refers to the theory of knowledge and is concerned with
understanding the limitations, the validity and the scope of knowledge (Myers, 2009). An epistemological
assumption is concerned with exploring the creation of knowledge and the manner in which individuals learn
about their supposed reality i.e. what does knowledge depend on, how can we be sure that what we know is
correct. Epistemology explains how knowledge is created, how knowledge is attained, how knowledge is
articulated and how knowledge is communicated (Scotland, 2012).

In design science research (DSR), new knowledge is created by designing innovative artefacts as a solution to a
relevant human problem (Hevner & Chatterjee, 2010). Vaishnavi and Kuechler (2004) support this definition by
stating that DSR alters the world through the creation of innovative artefacts. An artefact can include, but is
not limited to, constructs, models, methods, and instantiations (March & Smith, 1995), as well as frameworks,
architectures, design principles and design theories (Purao, 2002; March & Smith, 1995; Gregor & Jones, 2007;
Gregor & Hevner, 2013).

In DSR, a piece of information is factual and the meaning of the information is made clear through
circumscription. An artefact is developed, and the interaction between its components results in its behaviour.
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Descriptions of these interactions become information, and the level to which the behaviour is predictable
makes the information factual. DSR is dependent on an artefact that functions in a predictable manner. The
functionality the artefact delivers comprises of what the meaning of the artefact is — which supports the
epistemological stance of ‘knowing through making’ (Vaishnavi et al, 2017). The theoretical standpoint of DSR
may change as it iterates through phases of artefact development, changing from a positivist whilst recording
behaviour, to an action researcher when interpreting the observations and planning subsequent interventions.

DSR practitioners have more success when they move between pragmatic and critical realist standpoints,
directed by a pragmatic evaluation of development in the DSR cycle (Bunge, 1984). “The design science
researcher arrives at an interpretation (understanding) of the phenomenon and the design of the artefact
simultaneously” (Purao, 2013).

The aim of design science research then is to contribute new design science knowledge that is “a body of
intellectually tough, analytic, partly formalizable, partly empirical teachable doctrine about the design process”
(Simon, 1996). The design science researcher can then be seen as a pragmatist (Peirce, 1931).

2. Design science research process
This section provides an overview on the role of knowledge in DSR and how knowledge is generated.
2.1 Role of knowledge

“Knowledge is generated and accumulated through action. Doing something and judging the results is the
general model... the process is shown as a cycle in which knowledge is used to construct works, and works are
evaluated to build knowledge” (Owen, 1997). A graphical representation of this can be seen in Figure 1. The
process to build knowledge through creation is not unstructured, although sometimes thought to lack rigour
(Vaishnavi et al, 2017). The channels in the diagram below are the “systems of conventions and rules under
which the discipline operates. They embody the measures and values that have been empirically developed as
“ways of knowing” as the discipline has matured. They may borrow from or emulate aspects of other
disciplines’ channels, but, in the end, they are special to the discipline and are products of its evolution"
(Owen, 1997). In short, the creation of artefacts produces new knowledge as part of the knowledge building
process. Researchers then delve into the knowledge base to inform designs of new artefacts. This then
becomes an iterative process where knowledge is added to the knowledge base through creation, and
improved artefacts are created due to the existing knowledge base.

Knowledge Building Process

Channel

Knowledge Paradigm

Channel

Knowledge Using Process
Figure 1: A general model for generating and accumulating knowledge (Owen, 1997)

Different types of contributions can be made to the knowledge base of design science research. Levels of
abstraction are explained where contributions to DSR can start with the creation of artefacts, evolve into
design principles for artefacts and further be defined into design theories (Purao, 2002).

Design science research is categorised into two groups of knowledge, descriptive and prescriptive knowledge.
Descriptive knowledge (omega knowledge) is concerned with the ‘what’ and prescriptive knowledge (lambda
knowledge) is concerned with the ‘how’ knowledge of created artefacts (Gregor & Hevner, 2013). Examples of
descriptive knowledge include phenomena (such as observations, measurements and classifications) and
sense-making (principles, theories, patterns etc.) Examples of prescriptive knowledge include artefact creation
such as constructs, models, methods, instantiations and design theory.
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2.2 Knowledge generation

Within the context of DSR there are different research approaches available. Vaishnavi and Kuechler (2017)
established an original framework for design science research in 2004, which was later adopted by Hevner and
Chatterjee (2010) (Figure 2). The framework was an adaptation of the model for a computable design process
(Takeda, 1990). The phases in the design process and the design science research are similar, but the activities
that take place in each phase are significantly different. The biggest difference is that the DSR process requires
that the contribution of new knowledge be a key focus of its approach. This framework is still applicable in
their latest research. The DSR framework iterates through five phases. The researcher first becomes aware of a
problem, suggests a possible solution to the problem, the suggested solution is then developed and evaluated
until the research process can naturally conclude. The DSR framework is goal-orientated. Knowledge is
generated through circumscription of the process followed to reach the conclusion. This contribution of
knowledge is known as Design Science Knowledge. Notably, Peffers, Tuunanen, Rothenberger, and Chatterjee
(2008) also created a model for DSR called the DSRM (design science research methodology) model. Peffers et
al (2008) appear to present this model as an evolved version of the DSR framework by Vaishnavi and Kuechler
(2004) by iterating through six clearly defined phases that follow the same logical flow of events. When
comparing the DSR framework and the DSRM model, both approaches suggest that reflection and abstraction
take place in their final phases only.

Knowledge is explicitly generated during the last phase of the DSRM model, by suggesting that the results
should be communicated through scholarly and professional publications.

Knowledge Process Cognitive
Flows Steps Processes
F Awareness
of Problem

Knowledge
Contribution o
Suggestion Abduction

Circumscription [

——  Development

Deduction
Design Science Av4
Knowledge l4— Evaluation
'y 1
1} Reflection
Conclusion } Abstraction

Figure 2: Cognition in the DSR framework (Vaishnavi et al, 2017)

There is an implicit assumption that reflection takes place in both approaches. The presentation of the models
however, only explicitly suggests that reflection takes place in the last phases when the project is concluded
and communicated. The cycle for cognition in DSR (Figure 2) illustrates the cognitive process followed by
indicating the type of knowledge that is produced in each phase of the DSR framework. The DSR framework
goes through cycles of abduction, deduction, abstraction and reflection. The creative intellectual process of
reflection is used in the conclusion phase to contribute to design science knowledge. In the DSR framework,
the overall contribution to advance knowledge needs to be argued at the conclusion of the project (Vaishnavi
et al, 2017).

2.3 Limitations in DSR knowledge generation

The aim of the paper is to report on how the process of knowledge generation could be made more explicit if
reflective practice is applied throughout the framework, and not only when concluding a project as suggested
in Figure 2. The premise of the research implies that there are limitations in the knowledge generation process
of the design science research framework.
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Knowledge generation in DSR is not explicit. DSR frameworks are iterative in nature and focus on the creation
and evaluation of artefacts. Knowledge generation is a result of circumscription of the process followed. The
contribution of the knowledge then adds to the knowledge base of design science knowledge. There is an
implicit assumption that reflection takes place in these iterations but it is only explicitly stated as part of the
conclusion phases of the approaches.

A body of knowledge already exists on the foundation of learning by doing. The epistemological assumption of
DSR which is “knowing through making” is limited when compared to the epistemological assumption of
reflective practice which is “learning by doing”. Even in scientific professions, when practitioners address
unique problems, it is an artistic process in which reflective practice takes place (Schon, 1983). Reflective
practice is a professional learning and development strategy focused on improved practices, based on
assumptions that cause-effect relationships shape behaviour (Osterman, 1998).

Reflective practice is a continuous process. Building on the first limitation listed, the DSR framework only
explicitly states that reflection/ abstraction takes place when the cycle has concluded. Reflective practice is
intuitively similar to DSR but incorporates known scientific methods for explicitly stating how knowledge is
generated. Using reflective practice should be a continuous process throughout the phases of the DSR
framework and should not be limited to the conclusion of the artefact.

A model formulated for the use of explicit knowledge generation in design science research would thus require
continuous integration of reflective practice approaches embedded in its iterative phases.

3. Explicit knowledge generation in reflective practice

This section provides a shared understanding of reflective practice, and the known scientific methods for
knowledge generation within its process.

Reflection is an action of self-deliberation that involves using prior experience and contextual awareness. It is
an essential skill that enables one to formulate a philosophy of sharing knowledge and can be used as a
standard to observe and measure other professionals’ practices (Atkinson & Irving 2013). Reflective practice
comprises carefully considering our personal experiences when knowledge is applied to practice (Schon, 1983).

A reflective practitioner should continuously reflect on his or her experiences and draw knowledge from these
practices. Reflective practice is the dual process of immediate reflection during a situation (reflection-in-
action) and also reflecting on the situation after it has been resolved in order to better resolve similar
scenarios in the future (reflection-on-action) (Schén, 1983). Reflective practice has been defined by numerous
academics as the process of learning from and through one’s experiences with the aim of acquiring a new
understanding of practice ((Boud et al, 1985; Boyd & Fales, 1983; Mezirow, 1981, Jarvis, 1992)). The academic
evolution of reflective practice has produced a number of explicitly stated processes for knowledge
generation.

Reflective practice is rooted in experiential learning, where the process of learning is most effective when it
starts with a problematic experience. The four stages of learning according to Kolb (1984) gives experiential
learning as a cyclical process that starts with an experience, continues with reflective observation, leads to an
abstract conceptualisation of the problem and results in active experimentation to address the problem. The
last stage may result in a different experience which prompts the continuation of reflective observation and so
on (Figure 3).
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Figure 3: The four stages of learning (Kolb, 1984)

Osterman and Kottkamp (1993) explain that while the experiential learning cycle is a process for using
experience as the foundation of learning, that learning cannot take place without reflection, and reflection
should be integral to the process of action-taking. Reflective practice, summarised, is the “dialog of thinking
and doing through which | become more skilful” (Schén, 1987). Figure 4 provides a summary of what is
expected in each phase of the cycle.

e test conceptualised behaviours and
assumptions to articulate action theory

e engage in behavioural experiments that
produce new concrete experiences

e experiments that fail lead to refined
theory or searches for more appropriate

* aims to identify a problematic experience

¢ stems from a desire for change

* relies on a relevant problem to grab
attention and motivate the need to learn

¢ s cautious of suggesting solutions before
completing problem analysis

strategies Concrete
e |earning and professional development - experience
becomes a progressive and continuing 7 ~ e the practitioner becomes a researcher by
process Active Reflective gathering and analysing rich information about
Experimentation observation ) .
— eese— the experience and behaviour
\\ / e critical observation takes place to describe the
Abstract experience fully
Conceptualisation * mostly qualitative data is collected — validity

depends on usefulness, richness and
comprehensiveness

e the aim is to understand the experience — the
practitioner should know what was done, why
it was done that way, and why it did not work

® this results in a clear understanding of what
caused discrepancies, incongruities and failure
to reach intentions

e the researcher is motivated to find new information,
theories, techniques or processes to address the problem

e the researcher can reconsider old ideas, or search for new
ideas that will lead to greater alignment between ideas,
actions and outcomes

e the objective is to develop an alternative hypothesis or
research strategy

Figure 4: An adaptation of experiential learning explained (Osterman & Kottkamp, 1993)

During the abstract conceptualisation phase, the practitioner is motivated to search for new and unique
theories, techniques, processes or ideas to solve the problem (Osterman & Kottkamp, 1993). This stage of the
experiential learning cycle deals with abstraction of new concepts and provides a known strategy for
knowledge generation. The principle of abstraction and generalization given by Klein and Myers (1999),
provides an explicit reasoning to knowledge generation for this reflective practice process. They explain that
theoretical abstractions should be carefully conveyed by the researcher as it was experienced and collected, so
that the reader can understand how the theoretical insights were reached. Building on the work of Walsham
(1993), the validity of drawn inferences and conclusions should not depend on the ability to present the
information statistically, but rather on the credibility and impact of the logical reasoning used to describe the
results.

When reviewing the DSR framework, it is notable that ideas and recommendations are given in the Suggestion

phase. The knowledge generated from this phase cannot be assumed to be abstraction, as it relies more often
on a plan that is driven by instinct or intuition, and not on explicit methods. Abstraction is an explicit process
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for theory building and through the use of reflective practice the knowledge generated could contribute to the
prescriptive knowledge of DSR.

To summarise, the following advantages of using reflective practice for improved knowledge generation in
design science research are noted:
e Knowledge generation in reflective practice is explicit.
e Knowledge generation in reflective practice fits into known scientific methods.
e Knowledge generation in reflective practice is intuitively similar to that of design science research
when following a cyclical model for creating ideas.
e Knowledge generation through reflective practice puts a stronger focus on the creation of
prescriptive knowledge in design science research.

From the perspective of reflective practice, a model for explicit knowledge generation in DSR should include:

e Engaging in reflective practice to gain a deeper understanding of the problem experienced.

e Reflection that takes place during each phase of the DSR framework while iterating through the
phases.

e Reflection that takes place after each phase of the DSR framework has been completed to better
improve future similar scenarios.

e Reflection that takes place in context of observation and abstraction during each phase of the
framework with the aim of understanding which type of knowledge was generated.

e Embedding continuous reflection to deliver explicit DSR knowledge during active experimentation of
suggestions made toward addressing the problem experienced.

The next section provides an overview of how these advantages, and suggested elements for a DSR model that
produces explicit knowledge generation, motivate the use of reflective practice to enrich design science
research knowledge generation.

4. Improving knowledge generation in DSR through reflective practice

New knowledge in DSR is produced through the process of creation. The creation of artefacts is a practical
approach to knowledge building. The practical nature of DSR has roots in pragmatism, where approaches and
theories are evaluated based on their practical application. DSR and pragmatism both lend toward goal-
orientated approaches, which is why knowledge generation through reflection typically only takes place when
the project has concluded. This process of acquiring new knowledge is efficient but not necessarily effective in
terms of capturing all aspects of the experience of the practitioner.

For example, the DSR framework iterates through five phases, the first of which is becoming aware of a
problem. An individual wishing to do research on a specific problem area has already employed some form of
reflective practice by researching a phenomenon that cannot be addressed by tacit knowledge or knowing-in-
action. During the suggestion phase the researcher could offer a solution from his existing knowledge but it
would be better practice to include other researchers to jointly reflect on possible solutions for the problem.

During the development phase the research will reflect on the initial design of the artefact and choose to
conduct evaluation methods to better understand the context of the artefact. During the evaluation phase the
researcher will include users or experts to assess the artefact. This is a deeply reflective practice as the
feedback obtained creates a richer picture of the solution than the researcher could have suggested on his
own. During the conclusion phase the researcher reflects on the methods he used and determines whether
the artefact is an appropriate solution to the original problem. He also determines whether new problems may
arise which may need suggested solutions and so on. This also is a deeply reflective practice as the researcher
cannot conclude the study if he believes that other researchers will not accept the results. The DSR framework
in its entirety can then be seen as following a process of reflective practice, even though researchers only
propose reflection in its conclusion phase (Vaishnavi et al, 2017).

A reflective DSR practitioner has the ability to explicitly indicate how knowledge is produced in the design
science research cycle. The effective use of reflective practice changes each individual phase of a DSR
framework from goal-orientated to problem-orientated. Epistemologically, knowledge is then produced
through ‘learning by doing’, which gives DSR a worldview that supports reflective practice. Reflective practice
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focuses on the user’s ability to reflect on situations as they occur but also after they have occurred to improve
future practices.

Within the context of design science research, reflective practice is a valuable approach for knowledge
generation in a project. The reflective practice process of experiential learning can be used in the DSR
framework for improved knowledge generation. The DSR framework is iterative in nature and can move
forwards or backwards in any of its phases. It can then be suggested that the cycle of experiential learning
should take place during phases to promote abstraction and explicit knowledge generation. Furthermore, the
process of moving forward in the DSR framework is typically when reflection-in-action takes place e.g. ‘What
do | currently need to move forward to the next phase?’ The process of moving backwards in the DSR
framework is when reflection-on-action takes place e.g. ‘How can | improve future iterations under similar
circumstances?’ Figure 5 provides a graphical representation of a DSR framework enriched with reflective
practice for improved knowledge generation.

A Reflective Practice DSR framework model

Awareness of problem

' .:::.

g . Pyl Concrete experience
B Suggestion % (Feeling)
i ‘ e o ‘.. 7 <

o = ) ‘
o o [ Active Reflective observation
ot DeveIopment E .. .. = Expe(gr;l;l;)almn Watching)
‘-g ‘ o‘_.:o ? . = -
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% Evaluation 5 e
o oo =

"

Conclusion

Figure 5: A reflective practice DSR framework model

The use of the DSR framework enriched with reflective practice can be used to explicitly indicate knowledge
generated for all types of artefacts. As depicted in Figure 5, the reflective practice cycle is incorporated in each
phase of the DSR framework, allowing a reflective process of abstraction to take place for knowledge
generation before continuing to the next phase. This method of reflective practice provides a scientific
approach for knowledge generation throughout the DSR framework, and not only when concluding a
developed artefact as depicted in Figure 2. To further explain the process of embedding reflective practice in
the DSR framework, Table 1 provides an in-depth overview of how experiential learning can generate explicit
DSR knowledge.

Table 1: An overview of how reflective practice can generate explicit knowledge in the DSR framework

o .
% § :’>’, Addressing a problem experienced in related fields to higher education, knEci(veI"eiiltge
oSl o information technology and engineering .
B generation
A specific problem is experienced in a specific context, for example, information | Strategies are
technology, engineering or higher education (amongst others). researched
ks There is a desire for change to improve the problem experienced. and
a & | The problem experienced is currently relevant, and when researched indicate | evaluated for
e % S | existing gaps in the literature that require further development. its
g % G 5 | A critical reflection and analysis of the problem in context is required before | appropriatene
1S £ | attempting to suggest solutions. ssin
i addressing

www.ejbrm.com 198 ©ACPIL


file://///server1/company/d_root/DATA/Journals/EJBRM/Volume%2016%20-%202018/Volume%2016%20issue%203%20general/Typeset/www.ejbrm.com

J.T. Janse van Rensburg and Roelien Goede

Reflective observation

[*] ..
‘n’:’ § S Addressing a problem experienced in related fields to higher education, knE:veII::t e
a<l O information technology and engineering 9
[ & generation
The aim of reflective observation in the DSR awareness of problem phase is to | the problem.
fully understand the problem experienced by reflecting on what worked, what Explicit

did not work, why the problem was addressed in a specific manner, to
determine inconsistencies, incompatibilities and actions that lead to failure.

For this reason, it is necessary to gather and understand as much information
that is available on the problem experienced as possible. At this stage, formal
research methods are not recommended as the objective is first to fully
understand the problem experienced. When formal research methods are
employed such as recorded interviews or questionnaires — participants may be
reluctant to share sensitive or profound details of the problem experienced.
Initially, informal contact will deliver more honest responses that will improve the
direction of the research. Reaching an understanding of the problem
experienced can be achieved by:

e Conducting academic literature reviews through journal articles,
conference papers or books. The research can be supplemented by
information found from informal platforms such as websites, word of
mouth or media outlets.

e From initial research, stakeholders or central role players should be
identified. Stakeholders can also be determined through strategies
such as stakeholder theory (Donaldson & Preston, 1995) or using the
boundary questions for critical systems heuristics (Ulrich, 1983).

¢ Initial interaction with stakeholders or role players should be conducted
via informal contact methods to increase the honesty of responses.
Obtaining honest responses at the start of a research process is
crucial, as this will guide the direction and duration of the research.

e The information received from stakeholders should provide rich usable
data. As informal research methods are adopted that do not provide a
back-up of data collected, recommended methods that the researcher
can employ to retain the qualitative feedback include autoethnography
(Ellis, Adams & Bochner, 2011) or reflective journaling (Dunlap, 2006).

Abstract conceptualisation

Abstract conceptualisation can commence on the condition that the researcher
has a clear understanding of the problem experienced. If there is any
uncertainty whether the problem was completely understood the research
process should circle back to reflective observation.

The objective of this phase is to evaluate all existing information gathered and to
find new techniques or processes that can address the problem. Old theories
can be reconsidered and applied in a different context. New theories from other
disciplines can be considered for implementation in the problem context. The
aim is to conceptualise a new research strategy that is suitable for the problem.

Typical research strategies could include:

e Self-directed learning (Garrison, 1997), project-based learning
(Thomas, 2000), or computational thinking strategies (Wing, 2008) —
for higher education

e TOGAF (The Open Group Architectural Framework) (Buckl, Ernst,
Matthes, Ramacher & Schweda, 2009), DoDAF (Department of
Defense Architecture Framework )(Zeigler & Mittal, 2005), or
foundational architectures (Goertzel & Wang, 2007) — for IT and
engineering projects

knowledge is
generated in
the form of
proposed
strategies
that could suit
a specific
problem.
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[*]
‘n’:, § % Addressing a problem experienced in related fields to higher education, knE:veII::t e
o< information technology and engineering i~
[ & generation
The identified research strategies should be informally discussed with the
stakeholders. Suggesting suitable research strategies that are accepted by the
5 stakeholders indicate that the researcher has a clear understanding of the
% | problem.
% Reactions and behaviours should be observed when the research strategies are
£ | suggested. If all stakeholders do not agree with the suggested research
Q5 | strategies, it implies that the problem was not completely understood and this
§ % will lead to refined theories and approaches.
The suggestion phase of the DSR framework can only commence when
suggested research strategies resulted in a positive experience for the
stakeholders. A negative experience indicates that the problem was not
completely understood and that the research process should circle back to the
& | awareness of problem DSR phase.
% & | Identified research strategies can then be further researched for their possible
E 'S | effectiveness in solving the problem. The suggested research strategies should
8 % explicitly bring about change to the problem experienced.
The objective of reflective observation in the suggestion phase is to promote a
deeper understanding through research of the strategies or approaches that
were well received by the stakeholders.
o © | Once the researcher has achieved a deeper understanding, the stakeholders Gaps in
2 ®© | are informally updated on new information regarding suitable strategies and | literature are
8 % approaches that were suggested. Stakeholders should actively be informed of identified.
;0:_3 & | new developments to ensure that the identified research is still addressing the New
© | problem experienced and does not stray from the initial issue. information is
Abstract conceptualisation in the suggestion DSR phase aims to consolidate | added to the
< | information gathered from academic research with informal discussions or knowledge
S | conversations held with stakeholders. This action should lead to identifiable | base in order
® | gaps in the research that emphasise the possibility of new suitable approaches to address
® | toward addressing the problem experienced. the gap.
5 % When identifying appropriate strategies or approaches to address that gap in
g 8 | research, it is important to reflect on how, and which type of, knowledge will be
§ § generated when these methods are implemented.
During active experimentation in the suggestion DSR phase, new strategies and
S approaches identified to address the gap should be presented to the
% | stakeholders during informal discussions. The suitability of the new approaches
5 "O«EJ will rely largely on acceptance from the stakeholders.
b £ | Strategies or approaches that are questionable need further research and
> 2 'S5 | development, and the research process may need to circle back to reflective
2 | B | observation for refinement.
0w | <o
A concrete positive experience results from the suggested new strategies and Specific
approaches. A feasible suggestion is agreed upon by all stakeholders for | strategies are
implementation toward solving the problem experienced. adopted for
o | A needs analysis or requirements analysis (Potts, Takahashi & Anton, 1994) | the problem
% may be required before development of the strategy can commence in order to | experienced
s fully comprehend how the suggested strategy will address the problem based on
b= S | experienced. research and
g © | The development phase can be guided by methods used for implementation feedback.
o % which can be extended to suit the context of a problem experienced in higher Formal
E E education, IT or engineering such as design thinking (Brown & Wyatt, 2010), research
[ G | prototyping (Zalzal, Gava, Kelouwani & Cohen, 2009), or agile methodologies | methods are
Q © (Maruping, Venkatesh & Agarwal, 2009). employed
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[
‘n’:, § % Addressing a problem experienced in related fields to higher education, knE:veII::t e
o< information technology and engineering i~
[ & generation
The development of the strategy in context of the problem experienced has that deliver
commenced. Continuous feedback is required from stakeholders to ensure that scientific
the development of the suggested strategy remains relevant to the problem findings
experienced. which add
At this stage of the research it is recommended to start using formal research | value to the
c methods for data gathering and analysis such as interviews and questionnaires knowledge
© | (Zhang, Kuchinke, Woud, Velten, & Margraf, 2017), or participatory design base.
@ | (Bratteteig & Wagner, 2016). Limitations to
% The qualitative feedback received from stakeholders should provide rich usable chosen
8 | data. Scientific guidelines for data analysis can be followed to improve the | strategies are
8 integrity of the findings. Example approaches for data validation include the identified.
= | principles for conducting and evaluating interpretive field studies in information | Suggestions
§ systems (Klein & Myers, 1999) and the qualitative analysis of content (Zhang & to address
E Wildemuth, 2009). Tools for qualitative data analysis may include traditional | the limitations
spreadsheets or advanced software such as Atlas.ti. are
presented.
< | Formal qualitative data analysis methods will deliver scientific findings that can
S | inform the development of the strategy at an academic level.
® | Research remains a continuous process, and as the data analysis provides
@ | insights into the development of the strategy, new knowledge is generated and
G 2 | added to the knowledge base.
2 @| Formal research is produced, and can be consolidated with existing strategies
§ § to further refine the research process and suggested approaches.
During the development of the strategy, challenges will occur. Stakeholders may
react differently than expected, and behaviours should be observed to
5 understand the context of the concerns identified.
% | Challenges result in new experiences that guide the research process and
c | determines which actions should be taken.
fc_’ Iterative development is emphasised for improved outcomes as learning is a
2 'S5 | continuous process. If the initial strategy fails, the feedback from stakeholders
B £ | leads to refined theory. If the developed strategy is considered acceptable, the
< O | research process continues to evaluation.
Depending on the type of experience that resulted from the previous DSR
phase, the developed strategy is subject to evaluation. Evaluation will highlight Different
@ | additional shortcomings not identified through data analysis. evaluation
% S | In context of higher education, IT or engineering, evaluation may include formal | methods are
E 'S | research methods such as TAM (Technology Acceptance Model) (Legir, Ingham researched
S £ | & Collerette, 2003), UX (user experience) evaluation (Law & Abrah&o, 2014), or that will
O extending traditional data gathering methods that include stakeholder feedback. deliver the
In the evaluation phase, reflective observation refers to the researcher’s ability | best possible
to identify suitable methods to assess the progress of the developed strategy. | feedback for
As there are numerous methods of evaluation, it is crucial that a suitable option | the strategy
o _5 is used in context of the problem experienced in order to produce the best developed.
2 © | possible feedback. Evaluation of
§ % When an optimal evaluation method is applied, the findings will result in a clear | the strategy
@ & | understanding of which development processes lead to discrepancies, contributes
e incongruities or failure to reach the intended outcome. knowledge on
When a clear understanding can be achieved of which specific parts of the successful
collective whole were successful and unsuccessful the research process and
< | naturally becomes easier to guide. unsuccessful
S | Targeted research can be conducted to find information that addresses the | approaches.
& | discrepancies. All research previously undertaken can be reconsidered if there Academic
s 'c—g is evidence that it can address the problem. literature is
£ |83 The objective is to refine specific elements of the developed strategy that were | added to the
=) g 8 | identified as substandard, in order to improve the general success of the knowledge
% § § strategy as a whole. base.
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Explicit
knowledge
generation

Addressing a problem experienced in related fields to higher education,
information technology and engineering

DSR
phase
RP cycle

The refined strategy can be evaluated by stakeholders using formal data
gathering methods to test their behaviours and observe the assumptions made.

Explicit knowledge is generated and should be shared with other researchers
via publications to encourage peer-review of the suggested strategy. Findings
from the data collection methods with stakeholders should be included in the
publications to encourage other researchers to also critically reflect on the
problem experienced as a whole.

Consolidating feedback from stakeholders and peers lead to refined theories
and may guide the research process back to reflective observation in any of the
DSR phases.

Active experimentation

After a number of iterations the developed strategy may or may not be final.
Feedback received from peers and stakeholders will determine the level of
completeness.

The problem experienced was current and relevant and the final artefact should
be shared for academic reflective practice.

Concrete
experience

Academic findings should also be shared with stakeholders for improved
feedback and may highlight significant elements that were overlooked. A final
round of formal data collection methods with stakeholders are recommended to
ensure that the findings were valid and rigorous.

Successes
and failures
of the overall
artefact can
be
documented

Reflective
observation

The research process followed a DSR framework enriched with reflective

practice to encourage explicit knowledge generation.

The research gap, development and evaluation processes of the artefact should
be highlighted in academic publications.

Suitable methods for reporting on DSR studies include developmental research

to contribute
to the related
fields, as well

as the
knowledge
base of
reflective
practice and
design
science
research.

for curriculum design (Mckenny & Van Den Akker, 2005), the DSR framework
(Vaishnavi et al., 2017), the DSR process model (Peffers et al., 2008), and the
DSR checklist for rigourous artefact development (Hevner & Chatterjee, 2010).
The objective is to determine whether the explicit knowledge generated is
accepted by other academics and researchers pending peer-review.

Feedback received from peers may lead to refined theory building for the
problem experienced.

Depending on the experiences of different stakeholders, additional research
may be required that could circle back to any of the phases of the DSR
framework.

Failed strategies also result in research outputs that highlight methods or
approaches that were not suitable for addressing the problem experienced.
Active experimentation in the conclusion phase of the DSR framework includes
applying generated theory to similar problems experienced in other disciplines.
Engaging in reflective practice for professional development is encouraged and
research findings should be shared continuously to highlight successes and
failures.

conceptualisation

Abstract

Active experimentation

Conclusion

A demonstration of the application of embedding reflective practice in the DSR framework is explained in the
next section.

5. Demonstration

The paper aims to improve knowledge generation in DSR through reflective practice. An example thereof is
provided in context of the preparation of IT students for their chosen career.

There is an increasing concern that information technology (IT) graduates lack certain skills expected by
industry when they enter the workforce.

Reflecting from a traditional DSR perspective, the researchers became aware of the problem and suggested a
possible solution. An artefact in the form of guidelines for bridging the gap between IT theory at university
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level, and IT practice at industry level, could provide insight on improved practices. The process naturally lent
itself to the phases of the DSR framework for artefact creation, and limitations in its knowledge generation
process for the guidelines were identified. Following the original DSR framework resulted in guidelines that
were only truly reflected on towards the end of the project. When the guidelines went through another
iteration of application in context, more gaps were noted than guidelines originally produced. This led the
researchers to believe that the DSR framework is a well-structured process for developing a prototype version
of an artefact, but it lacks a scientific approach to knowledge management. The DSR framework is intended for
experimental creation but does not explicitly indicate how to generate knowledge and how to retain and
improve the knowledge generated before a project is concluded.

In order to provide some context for the demonstration, the following sections provide an overview of the
research questions and objective, participants and data analysis methods used for the problem experienced.

5.1 Research questions and objective

In Table 2, during the first reflective practice cycle of the awareness of problem DSR phase, the initial problem
experienced is described. From this experience, the following research questions were identified:
e  Which industry related skills does an IT graduate need and typically lack?
e Can project-based learning be implemented in an IT degree to introduce industry-related IT skills?
e (Can a set of guidelines be derived for bridging the IT theory-practice gap in order to improve the
skills of IT graduates required by industry?
e How can reflective practice support the development of these guidelines (a design science research
artefact) by generating explicit knowledge?

The primary objective of the research used in this demonstration was then to develop guidelines for bridging
the gap between IT theory (standard IT teaching practices at university) and IT practice (the required industry-
related skills).

5.2 Participants

The central participants of the study were entry-level and exit-level students in their undergraduate IT degree.
Other role players of the study included members from the IT industry and IT educators. The problem
experienced started with exit-level IT students during 2017 when a skills gap was noticed between IT theory
and IT practice. Industry was subsequently asked to provide feedback on skills IT graduates typically lack (Janse
van Rensburg & Goede, 2019). The research described in this demonstration is still ongoing at the time of this
publication.

5.3 Data analysis

Qualitative methods were used to gather data from participants. Interpretive content analysis was used to
analyse qualitative data in order to identify themes in the data. Findings from literature and identified themes
were used to build guidelines for bridging the IT theory-practice gap.

Research conducted provided evidence on the validity of experiential learning through reflective practice with
the focus on abstraction for improved knowledge generation. Following the process for reflective practice in
the phases of the DSR framework added value to the knowledge generation process and resulted in guidelines
for how to reflect-in-action, and reflect-on-action. Using the guidelines provided in Table 1 (and building on
the model presented in Figure 5), Table 2 provides an overview of how reflective practice was embedded in
the DSR framework in context of the problem experienced, resulting in guidelines for bridging the IT theory-
practice gap.
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Table 2: A demonstration of reflective practice embedded in DSR to address a problem experienced

()
o 2 Problem in context
X g ©
35 &
A gap between IT theory (higher education) and IT practice (industry) was noted.
Recent IT graduates lacked certain skills expected by industry when they entered the workforce.
[0
% There was a need to better prepare IT students during higher education to bridge the gap
s between university and industry.
o
& | This raised the question of what higher education can improve on or do additionally to better
% prepare IT students for industry.
[&]
5 Before solutions toward bridging the identified gap could be proposed, it was necessary to
© complete a comprehensive problem analysis to ensure that the problem was fully understood.
In order to understand the context of the problem experienced through analysis, it was necessary
to first do informal research to determine whether similar problems have been experienced by
other academics. The objective of the informal research was to understand the context of the
problem, who was involved, and which approaches were recommended toward solving the
problem.
From this research, stakeholders could be identified that were central to the current problem
experienced. In context of the problem experienced, the stakeholders identified were IT students,
members of the IT industry and IT educators. From an initial perspective, feedback from all
stakeholders was required to fully comprehend the problem experienced.
Informal discussions were held with IT students, educators and members from the IT industry to
understand the problem experienced from their different perspectives. As the aim of an informal
conversation is first to understand the problem from these different perspectives, no formal
method of data gathering and analysis was adopted. The conversations however did lead to
qualitative feedback that needed to be retained in some manner.
The researcher opted for autoethnography, where all important ideas and issues raised during
informal conversations were noted on an available medium, for example, a note book, a research
journal or the ‘notes’ application on a mobile phone. Interactions took place during informal
settings, such as coffee with colleagues (IT educators), conversations with IT industry members
while attending hackathons or discussing possibilities for collaboration, and casual feedback
sessions with IT students on their experiences and expectations.
The action of autoethnography lead to a clearer understanding of the problem experienced.
During this process, the researcher was able to explain the experiences relative to the individual
perspectives of all stakeholders. A deeper understanding of the problem was achieved through
this process of reflective practice during which the researcher identified areas for improvement.
In short, IT students wanted more industry exposure, and members of IT industry highlighted
£ c specific skills that needed to be better developed in IT graduates.
) Q
% § From the perspective of the researcher, it was assessed that IT educators did not provide
a o | valuable feedback on areas for improvement. The reasoning behind this decision was that there
© & | was a notable gap between industry expectations and curriculum that was being taught. Some
a g information was outdated, and some educators had very little interest in doing market research
2 = or collaborating with their colleagues or industry. For this reason, IT educators were not
g § considered a central stakeholder in providing feedback on what needs to change — they were
S @ | solely considered as the vehicle for providing updated and current education that should adjust
< | their approaches accordingly.
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Problem in context

DSR
phase
RP cycle

Having had a better understanding of the problem, the researcher was motivated to start looking
for information, theories or methods that could assist in addressing the problem experienced.

Existing strategies being used were reflected on, and notes were made regarding their
effectiveness toward supporting the feedback obtained (still via autoethnography). For example,
projects are often included in the assessments of IT students, but are most often compiled by the
IT educator. Through reflection and research, this approach could be improved on by managing
the scope of the project through the use of industry projects (rather than thumb-sucking the
scope), or topics that provide value and meaning to the student (i.e. community projects).

Before identifying any specific methods that could deliver a positive experience, new strategies
were also researched, reflecting on their appropriateness for the problem experienced and the
feedback obtained. Some of the strategies researched and reviewed in context of IT higher
education, for example, included problem-based learning, self-directed learning, blended
learning, computational thinking and project-based learning.

By identifying possible strategies from literature, the researcher could use these examples for
discussion with the relevant stakeholders.

Abstract conceptualisation

Informal discussions with IT students and members from the IT industry were held to suggest the
strategies and their expectations thereof. Perceptions and opinions were still noted via
autoethnography methods.

Not all possible strategies were equally welcomed, but a general approval of project-based
learning (PBL) instruction was voiced. The reasoning behind this was that IT industry comprises
of project-based environments and research indicates that PBL settings promote the early
acquisition of diverse 21° century competencies. Project-based learning also has the ability to
address the other approaches — as it can include methods for problem-based learning, self-
directed learning, blended learning, and improving computational thinking.

PBL was initially introduced in an exit-level IT module using industry scopes to understand
whether this approach would address the problem experienced.

The researcher wanted to understand why some methods were preferred as other proposed
approaches also had relevant advantages for the problem experienced. After additional research
was conducted, it was noted that the different approaches could still be used to achieve the
same goal.

This highlighted that the various teaching and learning approaches were not necessarily the
concern but rather how they were implemented.

A lack of generic rules for the manner in which these approaches are implemented highlighted
the need for guidelines that indicate how these teaching and learning strategies, including PBL,
could be used to address skills shortages in IT students.

Active experimentation

Guidelines were required that facilitate the manner in which these approaches should be
implemented so that they are industry focused and share the same goal — improving 21° century
competencies.

Concrete experience

Additional research was required before suggestions could be made to understand what the
contribution of the guidelines needed to be.
Research was conducted to find existing guidelines that can address the problem experienced.

The existing literature was critically reviewed to determine whether all suggested strategies,
including PBL instruction, were addressed by all existing guidelines.

The researcher continued to make notes on the qualitative data through autoethnography,
reviewing guidelines that were repeated, understanding why and how they were formulated, and
understanding the value and context of their application.

Appropriate guidelines found in existing literature were presented to students and industry during
informal discussions, and their perceptions and ideas were noted.

Reflective observation

Suggestion
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[}
© .
o % > Problem in context
n o
Q05 o
During the process of research and informal discussions, gaps in the existing guidelines were
c identified.
)
®©
2 | Guidelines that were partially applicable were reconsidered and adjusted to better address the
S | problem experienced.
Q.
o
2 | New techniques and processes in the form of guidelines needed to be developed to address the
8 missing information not covered in existing literature.
©
£ | The objective was to consolidate existing guidelines with new suggested guidelines in order to
3 provide a single set of guidelines that can be followed to address the skills shortages and
< improve 21 century competencies of IT students.
c
5] In order for the guidelines to be considered, they needed to be refined based on their acceptance
g by the relevant stakeholders and their successful application in an IT curriculum.
[}
E Existing and suggested additional guidelines were proposed during informal discussions with
8 | students and industry to determine whether they saturate the current need for skills development
3 | to address 21% century competencies.
[}
=
© Guidelines that were questioned were further refined, and an initial set of guidelines were
< confirmed for implementation in a first instance of IT higher education.
The problem experienced started with exit-level IT students, and the initial set of guidelines were
applied in context of their education.
The aim of applying the guidelines was to understand whether a positive experience in terms of
their career awareness and skills development could be achieved.
Q
% The guidelines were applied in context of relevant teaching and learning strategies such as PBL
s to simulate an IT working environment which motivated their desire to learn.
(o
S | while following the proposed guidelines it was noted that some guidelines did not have the
2 | expected outcomes.
3]
é Additional research was required to understand why these guidelines did not have the intended
impact.
The researcher became aware that addressing these guidelines at exit-level of a curriculum is
too late in some instances to successfully prepare the soon to be IT graduate.
As the first research cycle where the guidelines were applied had started, it was necessary to
establish formal research methods for data gathering and analysis to address the problem
experienced.
The researcher asked IT students that formed part of an exit-level IT module in which the
guidelines were applied to complete an interpretive questionnaire. The feedback included their
- perceptions of the strategy taken and provided suggestions to further improve the approaches
o taken that did not meet their expectations.
©
qa_) The feedback was analysed in Atlas.ti using open coding to identify themes in the data. The
€ & | themes identified indicated advantages of the strategy taken, highlighted approaches that raised
“E’ 8 career awareness and improved their 21 century competencies, and provided additional
oy % suggestions that they would find beneficial.
T | 2
ra;) ;aC': From the additional suggestions, it was realised that certain guidelines would have a greater
impact if they were applied earlier in the IT degree and not only at exit-level.
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Problem in context

DSR
phase
RP cycle

A conceptual framework was formed that following the guidelines at an earlier stage of the
curriculum can prepare the future IT graduate in a systematic manner.

Guidelines that were suitable to follow earlier in the IT degree needed to be identified. For
example, PBL instruction could also be implemented at IT extended level.

Additional guidelines were required that would suit the needs of the IT extended students.

The objective was to reflect on the initial set of guidelines and suggest improvements that would
assist the future IT graduates earlier in their degrees.

conceptualisation

Abstract

Guidelines that could be followed in an IT extended degree were identified and implemented at
entry-level of the curriculum.

The impact of the guidelines was informally observed and noted.

Certain guidelines were challenging to implement at entry-level and additional research was
required.

experimentation

Active

A problem was experienced when following the guidelines at entry-level of the curriculum. It was
noted that the guidelines cannot be applied in the exact same manner for entry- and exit-level IT
students.

For example, it is noted that the student groups require different motivation for completing
projects. Exit-level students were more focused on their careers and wanted to participate in
industry scope projects. Entry-level students were more focused on their studies, and engaged
better in projects that were relevant to their current context.

The researcher was cautious of adjusting guidelines without additional research and feedback to
better understand the problem experienced.

In order to understand the challenges experienced while implementing guidelines at entry-level
of the curriculum, IT extended students were asked to reflect on their experiences.

Concrete experience

The data was gathered using guided reflective sheets that contained questions relating to their
experiences, preferred teaching and learning methods and self-reflection on improved 21
century competencies.

The feedback was analysed using a combination of basic descriptive statistics for the
quantitative data, as well as open coding for the qualitative data.

The aim was to understand why only certain approaches were successful following the initial set
of guidelines.

Reflective observation

From the data analysis an understanding was achieved as to which approaches were valuable
and which approaches required further research and development.

The approaches contained in guidelines that were found lacking needed further research for
possible solutions as to how they could be applied at different year levels.

The existing guidelines were evaluated to understand the extent of adjustments required so that
they would address the problem experienced.

The objective was to find strategies for applying similar guidelines at different year levels with the
common goal of improving the 21° century skills of IT students.

conceptualisation

Evaluation
Abstract
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Problem in context

DSR
phase
RP cycle

The appropriate guidelines were applied at entry-level and exit-level, but the scope was adjusted
to suit the context of the student.

When a new approach was implemented within a guideline, students were informed of how this
would improve their 21% century competencies.

While the identified guidelines seemed to support the problem experienced, the scope was
continuously reevaluated and adjusted as necessary.

The learning process was continuous for entry-level and exit-level students, as well as the
researcher, who articulated her ideas noted through autoethnography via research publications
to share explicit knowledge on best practices using formal methods of data analysis.

Active experimentation

The set of guidelines were not finalised after a limited number of iterations had been concluded.

This implied that the guidelines should continuously be evaluated and reflected on for relevance
and applicability.

Where it was experienced that guidelines were not sufficient, more research was required in
order to attempt to saturate the information.

In order to understand whether the guidelines were sufficient, feedback was required from
members of the IT industry that had recently employed IT students that had been subject to the
guidelines.

Concrete
experience

Formal interviews were held with members from the IT industry, and the qualitative data was
analysed in Atlas.ti using open coding to identify themes in the data.

The objective of the data analysis was to determine whether members of industry could notice
improvements in the 21%' century competencies of IT students based on the initial feedback
received during informal conversations at the start of the research process.

Guidelines were discussed, and where additional concerns were voiced, supplementary research
was suggested to further understand the problem experienced.

At this stage of the research, it was important to publish research papers on the study to assist
with providing clarity on the problem experienced and addressing the gaps in literature.

Reflective observation

In the conclusion phase of the DSR framework, it is not only important to provide research
contributions on the literature gap identified, but also to report on the DSR process followed to
conduct the research.

The objective of this type of research publication is to provide explicit knowledge generated when
following a DSR framework or approach.

As the set of guidelines is also considered as an artefact that was created by following a DSR
approach, it was necessary to use a formal DSR reporting method such as the DSR checklist of
Hevner and Chatterjee (2010).

conceptualisation

Conclusion
Abstract
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[}
o 2 Problem in context
n o
08
Preparing future IT graduates is an iterative and reflective process. As change occurs, guidelines
should be updated to remain current and relevant.
Guidelines should continuously be applied at all levels, contextual to the environment of the
< | student, to ensure a well-rounded work-ready student.
Re)
g Reflective practice is central to the learning process of the student and the researcher, and
GEJ should continuously be implemented as part of the development process.
8 | The DSR framework was enriched with reflective practice for explicit knowledge generation, and
3 in this example, resulted in the formulation of guidelines for bridging the IT theory-practice gap.
[}
=
© | This method of explicit knowledge generation can also be applied in context of other disciplines
< | to structure the research in a professional and academic manner.

In the context of this example, explicit knowledge was generated in the following ways:

e Suitable strategies toward addressing the problem experienced was identified and highlighted in
research publications.

e A gap in academic literature was identified for the creation of guidelines toward bridging the IT
theory-practice gap.

e Through formal research of data gathering and analysis, specific strategies could be identified that
would address the problem experienced and was highlighted in research publications.

e Through the process of development and iteration, shortcomings were identified in the strategies
that could be refined for further research.

e Targeted evaluation methods that suited the development process of the problem experienced
were highlighted in research publications.

e Results and findings from evaluation methods employed contributed to the academic knowledge
base.

e Contributions to the knowledge base of design science research and reflective practice resulted in
explicit discussions that address the problem experienced, while highlighting the elements of the
research processes that were successful and unsuccessful.

6. Summary

The DSR framework is an excellent tool for prototyping artefact creation, but it is limited in its explicit methods
for knowledge generation. When following the DSR framework, the researcher will iterate through the phases
and produce an artefact that concluded as a prototype that addresses the current requirements of the
problem. DSR more often results in outstanding artefacts, which can be implement and used for the specified
problem, but that is not easily adaptable to a changing environment. In DSR, when the problem changes, a
new artefact needs to be created and the DSR framework has to restart in the first phase. The goal-orientated
nature of DSR is effective for immediate results, but not efficient in anticipating problems in a holistic manner.

Abstraction for tried and tested approaches is only reflected on in the concluding phase, which provides
limited knowledge generation for the knowledge base of DSR. It is notable that following a DSR framework
enriched with reflective practice results in a more rounded artefact, due to the reflective cycle that takes place
between phases. The cyclical process of reflection allows the practitioner to address the current problem as
well as anticipate and prepare for future variations of the problem. This allows the practitioner to holistically
apply the DSR framework, and conclude the artefact without having to restart at phase one when problems
are identified. This process of reflection results in improved knowledge generation for design science research.
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