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Abstract A frequently mentioned challenge in design
science research (DSR) is the generation of novel theory
above and beyond information technology artefacts.
This article analyzes the DSR process and extends
established frameworks for theory generation to exem-
plify improvements to theory generation through meth-
ods of grounded theory development. On a conceptual
base, we developed a theory-generating DSR approach
which integrates methods of grounded theory develop-
ment with established DSR methodology. This combina-
tion enables a design theorist to generate theoretical
knowledge that extends the applicable knowledge base.
We do not elaborate this combination on a meta-level,
but rather provide a process model for researchers in
form of an extension of a well-known DSR model to
combine both methods in a pluralistic research design.
With this suggested research approach, scholars can
draw theoretical insights from analytical abstractions
and can improve the development of IT artefacts in a
structured way to avoid failure or repair loops.

Keywords Design science research . Behavioural science
research . Grounded theory method . Pluralistic research
method

1 Introduction

In recent years, design science research (DSR) has attracted
more information systems (IS) research attention, because it
deals with the generation of information technology (IT)
artefacts and their evaluation, which is just as important to
IS research as is research into the impacts of IS (Benbasat
and Zmund 2003; Hevner et al. 2004). In general, DSR
provides models and guidelines to researchers that enable
them to create, improve, and evaluate IT artefacts (Hevner et
al. 2004; Holmström et al. 2009; March and Smith 1995;
Weber et al. 2012). Yet many existing DSR research
attempts pay less attention in generating an original theoret-
ical contribution that goes beyond problem-solving IT arte-
facts (Carlsson 2006; Gregory andMuntermann 2011; Hevner
et al. 2004; Winter 2008).

We therefore investigate potential avenues for combining
both aims, using a conceptual approach based on an exten-
sive analysis of DSR and design theory literature. As a result
of our analysis, we propose a theory-generating DSR ap-
proach that is informed by behavioural science elements
used for theorizing, such as techniques from the grounded
theory method (GTM) (e.g., Glaser 1978; Glaser 1998;
Glaser and Strauss 1967). Therefore, our proposed approach
closes some methodological gaps in DSR to achieve insights
at a higher level of analytical abstraction (Yadav 2010).
Certain techniques from GTM are remarkably appropriate,
in that they generate additional theoretical insights in DSR.
The proposed theory-generating DSR approach combines
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elements from DSR and GTM for simultaneous problem
solving and theory generation.

Calls for more pluralistic research in IS (e.g., Mingers
2001) have prompted some prior attempts to combine dif-
ferent methods. For example, Goldkuhl (2004) uses behav-
ioural science techniques in a DSR approach and suggests
that three types of grounding (internal, empirical, and theo-
retical) enhance DSR as a means to generate practical
knowledge. Holmström et al. (2009) accumulates DSR with
a second research cycle that features the development of
substantive and formal theory (the focus of GTM) to con-
tribute to the knowledge base, but they also use behavioural
science elements to develop an explanatory, theory-testing
approach instead of a means to develop new theoretical
insights. Kuechler and Vaishnavi (2008a, b) address theory
development and theorizing in the context of DSR but
without combining any specific behavioural science re-
search method. A more advanced approach is presented by
Sein et al. (2011), who integrate DSR with action research in
one model. Their model argues that design science needs to
go beyond the traditional focus on the IT artefact and rec-
ognize its organizational embeddedness. By integrating de-
sign science with action research lenses, the authors are able
to emphasize the organizational interventions through IT
artefact deployment as well as the learning from this inter-
ventions in terms of contributions to the knowledge base. In
this critical reflection and learning step, which is somewhat
disconnected from the traditional build and evaluate DSR
cycle, the researchers abstract the key theoretical findings
that go beyond solving an individual problem. Finally, some
other studies combine DSR with action research (e.g., Allen
et al. 2000), ethnography (e.g., Baskerville and Stage 2001),
or soft design science (Baskerville et al. 2009) with the
goals of improving theoretical abstraction and knowledge
generation within a DSR project.

In summary, existing research frameworks guided towards
the simultaneous use of DSR and behavioural science but fall
short to provide specific processes for how to conduct a multi
method DSR project (Carlsson 2006). Yet both Goldkuhl
(2004) and Holmström et al. (2009) conclude that DSR
and behavioural science may coexist within a single
project but rather as an additional and independent step.
In this paper, we extend this view and develop a process
model for theory-generating DSR that relies on the simulta-
neous and not separated use of both DSR and GTM elements.

The structure of the remainder of this article follows the
building blocks of conceptual research described by Yadav
(2010, p. 3). In the next two sections, we provide an over-
view of the two research approaches (DSR and GTM)
before we outline how design theory components map onto
the DSR approach. In the subsequent section, we present a
detailed description of the theory-generating DSR approach,
followed by an overview on theory-generating DSR. We

also detail how the IS design theory components relate to
our proposed approach and provide a first illustration how
theory-generating DSR can be applied in DSR projects. We
conclude with a discussion section and an outlook for fur-
ther research.

2 Design science research

The primary focus of IS research is the IT artefact (Benbasat
and Zmund 2003), whereas DSR centres on the design and
creation of the artificial (Simon 1969), especially IT artefacts
(in the form of a construct, model, method, instantiation, or
combination thereof; (March and Smith 1995)). Therefore,
DSR encompasses the creation of an innovative construct that
has not existed before and can be used to serve human pur-
poses (March and Smith 1995). Its historical origins stem
from engineering (Au 2001; March and Smith 1995), but
DSR also relates to several other academic disciplines, such
as architectural science and computer science. A common
ground across these disciplines is a dual focus on both the
practical application of the IT artefact and the scientific ab-
straction and learning (Baskerville 2008). In this context,
theorizing in DSR is worthy of discussion and at least as
important as problem-solving itself (Lee et al. 2011).

Most DSR researchers also recognize that the developed
IT artefact can provide theoretical contributions, provided
that key DSR guidelines are followed (Gregor 2002, 2006)
and so-called kernel theories, drawn from the natural and
social sciences through a creative translation process, are
applied (Hevner et al. 2004; Markus et al. 2002; Walls et al.
1992). Derived principles and concepts of such kernel the-
ories may provide a basis for advancing DSR by specifying
requirements and generating an IT artefact (Walls et al.
1992). However, Gregor and Jones (2007) explore that
theorization is a key goal in theory-generating DSR which
may eventually lead to an IS design theory. Therefore,
problem solutions and knowledge contributions can be de-
rived from either existing kernel theories and IT artefacts or
the development of a new IT artefact and subsequent theo-
rization (Holmström et al. 2009).

In the DSR process, the initial step must be the search for a
problem that has practical relevance (Hevner et al. 2004). In
other words, “a DSR approach seeks a solution to a real-world
problem of interest to practice” (Kuechler and Vaishnavi
2008a, p. 492), which requires a differentiation between prod-
ucts (IT artefact) and processes (activities that lead to the IT
artefact) in the DSR cycle (March and Smith 1995;Walls et al.
1992). The product outcome is inevitably embedded in
some place, time, and community and must undergo
theorization to meet innovative and progressive demands
(Orlikowski and Iacono 2001).

638 Inf Syst Front (2013) 15:637–651



The DSR process in turn consists of two basic processes:
building and then evaluating the IT artefact (Baskerville et
al. 2009; Hevner and March 2003; March and Smith 1995).
In the building process, a sequence of activities aims to
produce “something new,” then in the evaluation process,
the created IT artefact undergoes evaluation to produce
feedback and generate new knowledge about the problem.
The newly generated insights serve to improve the quality of
the IT artefact and the design process itself (Hevner et al.
2004). These processes take place partly in parallel and
involve multiple iterations, which enables the IT artefact to
be generated such that it fully satisfies the researchers and
practitioners who later make use of it (Markus et al. 2002).
In total then, DSR offers a rigorous and meaningful contri-
bution to practice and theory, in the form of an IT artefact
and its evaluation (Gregor 2006).

3 Grounded theory method

The supporting component for theory-generation in our
model is GTM. Since it was introduced to sociology by
Glaser and Strauss (1967), the method has been widely
developed and applied in various disciplines (Bryant and
Charmaz 2007a; Urquhart 2007). In a grounded theory
study, the focus lies on the discovery or generation of theory
grounded on empirical evidence (Glaser and Strauss 1967).
A grounded theory study considers the process of discover-
ing concepts and categories and the relationships between
them (Bryant and Charmaz 2007b), with the end result of a
substantive or grounded theory (Glaser 2007).

Over time, GTM has evolved in different directions. For
example, in the mixed methods approach, GTM combines
with other techniques and methods, such as case study
research (Eisenhardt 1989; Eisenhardt and Graebner 2007).
The most predominant approaches are those propagated by
the originators, Glaser and Strauss, who offer “Glaserian”
and “Strausserian” forms of grounded theory (Ketokivi and
Mantere 2010). This distinction also has been called the
emerging versus forcing debate. The proponents of Glaser-
ian grounded theory place more emphasis on the principle of
emergence; grounded theory should emerge from the data
and existing theories or concepts, and coding schemes
should not be forced onto the data (Udo 2005).

The term “grounded theory” refers to both the end prod-
uct and the process. Conducting grounded theory research
involves various techniques prescribed by GTM (Glaser
1998; Strauss and Corbin 1990), including—among others
—theoretical sampling and the constant comparative meth-
od (Suddaby 2006). Theoretical sampling means that
insights from the initial data collection and analysis guide
subsequent data collection and analysis, so the grounded
theory can emerge over time through iterative cycles of

deeply intertwined data collection and analysis. Urquhart
et al. (2010) provide an in-depth discussion of this key
grounded theory concept and refer to this as deciding on
analytic grounds where to sample from next. Over time,
researchers achieve theoretical saturation because additional
data collection and analysis efforts do not yield new findings
(Eisenhardt 1989). In the constant comparative method, the
researcher constantly compares instances of data labelled as
a particular category with other instances of data in the same
category as a means to substantiate these categories and
build theory. This method is discussed at length by Urquhart
et al. (2010) and the authors refer to this as an important tool
for exposing generated analytical insights to rigorous scru-
tiny and building theory. Thereby, all kinds of “slices” of data
(e.g., primary data such as qualitative interviews, secondary
data such as documentation and extant literature) are used to
reach higher levels of abstraction and advance conceptualiza-
tion. The relations identified among the categories and the
theoretical integration lead to the grounded theory.

Grounded theory method can in principle be used within a
wide range of epistemological stances and research
approaches (Bryant and Charmaz 2007a; Madill et al. 2000).
It provides the ability to generate an in-depth understanding of
a phenomena by analyzing qualitatively the collected data
from different sources, sorting it into consistent categories,
and emerging a grounded insights of it (Urquhart et al. 2010).
For an overview of the process of grounded theory develop-
ment, we recommend, for example, Fernandez (2004). In the
past, Weedman (2008) used this multi-epistemological nature
of GTM to analyze an IT artefact design project (called
Sequoia) with elements of GTM. While GTM is never men-
tioned, her analyzing techniques were very similar to theoret-
ical sampling and the constant comparison method. In
addition, Baskerville and Pries-Heje (1999) combined action
research with grounded theory to add rigor and reliability to
the theory formulation process of action research. As an
contrary example, Arazy et al. (2010) used qualitative meth-
ods to evaluate and test a social recommender systems that
utilizes data regarding users’ social relationships by filtering
relevant information to users. However, this approach is more
on theory testing and not building. Hence, GTM, as a behav-
ioural method provides suitable instruments for an in-depth
understanding of the problem space and its environmental
factors to theorize and not only test in DSR.

4 IS design theory and design science research

On the one hand, DSR provides scholarly contributions based
on the design, evaluation, generalization, and/or theorization
of the IT artefact (Gregor 2006; Gregor and Jones 2007;
Orlikowski and Iacono 2001). On the other hand, it provides
a practical contribution to practitioners in the form of the useful
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IT artefact (Hevner et al. 2004). Hence, both the IS design
theories as well as extant DSR models have to be taken into
account to develop a new theory-generating DSR approach.

4.1 IS design theory

As a theoretical lens, our literature review focused on funda-
mental components of IS design theory. Our initial DSR
understanding pushed us toward Walls et al. (1992) who laid
the basic foundations for developing a precise understanding
about the nature and anatomy of a design theory. They devel-
oped seven components of an IS design theory guided by prior
literature (e.g., Dubin 1978; Nagel 1961) and separated them
into product and process components.

The product components encompass meta-requirements,
meta-design, existing kernel theories governing the require-
ments, and a test of whether the meta-design satisfies the
meta-requirements. Most existing DSR publications spend
little time considering the requirements or assume they are
already specified (e.g., Aalst and Kumar 2003; Abbasi and

Chen 2008; Umapathy et al. 2008; for further information
please see the Appendix). Because requirement specifica-
tion is a central part of developing an IT artefact, as well as
of subsequent satisfaction with its functionality, we regard
this requirements specification phase critical for DSR. In
addition, a lot of information becomes available from a
system when we consider its purpose, the problem it
aims to solve, and the overall intentions behind building
it. Therefore, we searched for an appropriate theoretical
lens to integrate requirements into our theory-generating
DSR approach.

The process components of Walls et al. (1992) represent
the design method for the IT artefact and integrate existing
kernel theories that govern the design process. They also
describe the underlying knowledge for the design process
and guide research projects.

In turn, using the components of design theory identified
by Walls et al. (1992), Gregor and Jones (2007) suggest
eight components that an IS design theory should include.
We build on these eight components to analyze existing

Table 1 Eight components of IS design theory in different DSR approaches

IS Design Theory
Component

Description Comparison with Existing
DSR Frameworks

Improvements Required
for Theory-Generating DSR

1. Purpose and scope “What the system is for,” that is, the set
of meta-requirements that specifies the
type of artefact to which the theory
applies and also defines the scope or
boundaries of theory

Meta-requirements
(Walls et al. 1992)

A more detailed requirements
analysis increases our
fundamental understanding of
the IT artefact and its sub-parts

2. Constructs Representations of entities of interest in
the theory (design sub-parts)

Partly covered by the design cycle:
build and evaluate (March and
Smith 1995)

3. Principle of form
and function

The abstract blueprint or architecture
that describes an IT artefact, whether
a product or method/intervention

Different frameworks provide
guidelines and recommendations
for the design process (e.g.,
Hevner et al. 2004)

4. Artefact mutability Changes in the state of the artefact
anticipated by theory; that is, what
degree of artefact change is
encompassed by theory?

Partly covered by theorizing about
the IT artefact (Orlikowski and
Iacono 2001)

Detailed theoretical analysis
of the IT artefact and its design
process to adapt to changing
environments and allow for
evolution over time

5. Testable
propositions

Truth statements about the design theory Evaluation of whether the design
satisfies requirements (Markus
et al. 2002)

Evaluation and theory generation
through theory building from
behavioural science (e.g.,
Holmström et al. 2009)

6. Justification
knowledge

The underlying knowledge or theory
from natural or social sciences that
gives a basis and explanation for the
design (kernel theories)

Underlying kernel theories
(Walls et al. 1992)

Extend underlying kernel theories
with behavioural science aspects
(Gregor and Jones 2007)

7. Principles of
implementation

Description of processes for
implementing the theory (either
product or method) in specific
contexts

Partly covered by the people
involved in a given or changing
environment (Hevner et al. 2004)

A detailed analysis of influential
factors (e.g., interaction between
involved people)

8. Expository
instantiation

A physical implementation of the IT
artefact that can help represent the
theory as an expository device and
for the purposes of testing

A viable IT artefact in the form of
a construct, model, method, or
instantiation (Hevner et al. 2004)
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DSR frameworks and determine if they include all the
components needed to provide theoretical insights (see
Table 1). In the first and second columns of Table 1, we
outline each required design theory component and then
provide information about existing DSR frameworks. Final-
ly, we illustrate ways to overcome the challenges we have
identified to generate additional theoretical insights from
DSR. Although many IS design theory components have
been addressed, others might be improved or strengthened
by behavioural science elements, particularly to formulate
and evaluate the theoretical insights derived from IT artefact
development and use.

4.2 Extant DSR models

To develop our theory-generating DSR approach, we
searched for a established DSR model that could serve as
a basis for our approach. Several scholarly contributions
focus on the epistemological positioning of DSR. For ex-
ample, Winter (2008) differentiates design science from
design research: The former encompasses reflection on and
guidance for the IT artefact construction and evaluation
process while the latter encompasses the creation and eval-
uation of a specific IT artefact. Hevner et al. (2004) focus on
the process of IT artefact development. Thus, IS research
appears influenced by both the environment (people,
organizations, existing technology) and the knowledge
base (Hevner et al. 2004). This classification is closely
related to Winter’s (2008) point of view where an IT
artefact results from the constant iteration of refinement
and assessment. In this regard, Hevner et al. (2004), sug-
gest seven guidelines for conducting DSR, but many other
examples of DSR frameworks and models exist, including
Peffers et al. (2008), Pries-Heje and Baskerville (2008),
March and Smith (1995), and Nunamaker et al. (1991). These
DSR frameworks build the foundation for many researchers
conducting DSR but do not provide explicit prescriptions how
to achieve theoretical abstraction from an IT artefact in a
structured way.

A somewhat different approach is provided by Vaishnavi
and Kuechler (2008) as well as Kuechler and Vaishnavi
(2008a, b) who propose a design cycle for DSR that address
theory development and theorizing. Moreover, they provide
a general model describing each process step in DSR as
illustrated in Fig. 1.

According to the model of Vaishnavi and Kuechler
(2008) as well as Kuechler and Vaishnavi (2008a, b), prob-
lem awareness is the starting point of DSR which is
reflected by an initial proposal depicting the problem that
has to be solved. This step is similar to Hevner et al. (2004)
and their demand for an initial problem that has to be solved.
The next phase is the suggestion phase where it is tested if
the formulated proposal can be transferred into a tentative

design or not. Thereafter, the IT artefact is developed and
evaluated and conclusions are drawn from the IT artefact as
a result of the problem solving process. However, the whole
process is highly repetitive in the sense that every process
step can lead to a repetition and improvement of prior steps
through the knowledge flows depicted in Fig. 1.

Departing from the described DSR model, we used its
basic elements to structure and develop our theory-
generating DSR approach which incorporates the findings
from Table 1, as illustrated in the following.

5 Theory-generating design science research

On the basis of prior findings and identified components in
DSR design theory development, as well as the ways they
might be improved with behavioural science elements, we
developed our theory-generating DSR approach, which
combines DSR and GTM techniques, as illustrated in
Fig. 2. The proposed approach extends the general design
cycle of DSR from Kuechler and Vaishnavi (2008a, b).
Therefore, the first steps encompass typical methods used
already in DSR: the awareness of the problem as well as to
develop and evaluate the IT artefact. These steps are com-
plemented and specified by supportive GTM techniques,
such as detailed analyses of the tentative design and require-
ments, theoretical sampling, and the constant comparative
technique. A subsequent theory-generation step which is an
extension of Kuechler and Vaishnavi’s (2008a, b) model
encompass the simultaneous use of DSR and GTM to
generate additional theoretical insights, such as by collect-
ing additional data from the application of the IT artefact in
an appropriate environment. A complementary research
approach can create new insights and results in the conclu-
sion step to be integrated into existing knowledge, in
addition to the developed IT artefact. The loop back to
the awareness of the problem to refine the tentative design

Knowledge
Flows

Process
Steps

Awareness of
Problem

Suggestion

Development

Evaluation

Conclusion

Outputs

Proposal

Tentative
Design

Artefact

Performance
Measures

Results

Fig. 1 General design cycle of DSR (Kuechler and Vaishnavi 2008a,
b; Vaishnavi and Kuechler 2008)
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and the requirements therefore closes. Moreover, these new
insights and knowledge provide a theoretical basis for
upcoming DSR projects.

In the following sections, we discuss in detail the different
steps of our proposed theory-generating DSR approach
(Fig. 2).

5.1 Awareness of problem and suggestion

The awareness of the problem and the initial definition of
the research lens is critical, in the sense that the underlying
theories of different research approaches (e.g., design or
behavioural science) justify and explain the researcher’s
design process (Gregor and Jones 2007; Kuechler and
Vaishnavi 2008a, b). Unfortunately, serious methodological
problems can occur in this step, for example, a researcher
with a strict GTM lens could primarily focus on exploring
the theoretical implications behind the requirements for the
IT artefact and pay less attention to problem-solving. In
contrast, a DSR researcher might deemphasize important
behavioural issues by focusing only on the actual problem.
Theory-generating DSR therefore tries to address both prac-
tical relevance and theoretical contributions. In contrast to
Kuechler and Vaishnavi's (2008a, b) model, we merged the

awareness of the problem and the suggestion in one step. As
they mention themselves, both complement each other and
are highly intertwined (Kuechler and Vaishnavi 2008a, b).
Hence, both can be combined with our theory-generating
approach in one step to explore the requirements of the IT
artefact.

5.1.1 Theoretical sampling

A first tentative design of the IT artefact and well-defined
requirements are key for problem solving, so this step is
heavily influenced by the real-world problem as it tries to
determine the proper requirements and entities of interest
with regard to the IT artefact (Gregor and Jones 2007).
Researchers therefore need to focus on the actual problem,
but they cannot lose perspective on potentially emergent
problems and must actively integrate solutions into the
development of the IT artefact. By focusing on both goals
simultaneously, researchers can establish a basis for a satis-
fying IT artefact. Theoretical sampling in GTM means that
insights from initial data collection and analysis efforts
guide subsequent ones. In other words, understanding of
the phenomena (or business requirements) emerges over
time through iterative cycles of data collection and analysis

Fig. 2 Process of generating
additional scholarly
contributions by theorizing in
DSR
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that are deeply intertwined (Glaser 1978). Urquhart et al.
(2010) define theoretical sampling as “deciding on analytic
grounds where to sample from next” (p. 371). Thereby,
theoretical sampling assists the classification of data, the char-
acterization of relationships between data, and to clarify these
relationships. Without this method, it is nearly impossible for
the researcher to generate theoretical insights about the phe-
nomenon (Urquhart et al. 2010). Accordingly, subsequent data
collection and analysis efforts over time must build upon one
another for cumulative generation of theoretical insights. Over
time, researchers reach a kind of saturation, such that addi-
tional data collection and analysis efforts do not yield any new
findings (Eisenhardt 1989). Moreover, theoretical sampling
increases the researchers’ flexible ability to look for new
aspects that emerge during the process. It also provides a
means to consider potential problems with the IT artefact in
advance, thus enhancing the likelihood of creating innovative
and progressive IT artefacts for testing.

5.1.2 Slices of data

The slices of data to be collected and analyzed relate to the
environment, including people, the organization, and tech-
nology, as well as the knowledge base or extant literature
(Hevner et al. 2004). However, in DSR, slices of data
mainly refer to extant literature or models (e.g., Aalst and
Kumar 2003), collected data (e.g., Albert et al. 2004), or
kernel theories (e.g., Markus et al. 2002) (for a detailed
discussion, see the Appendix). The inclusion of extant liter-
ature alongside the empirical data is a technique widely
adopted by IS grounded theorists (e.g., Fernandez 2004;
Levina and Vaast 2005) as a means to raise the overall
analysis to a higher conceptual level. In addition, the pro-
cess of systematic data collection and analysis helps to
identify and clarify the requirements and entities of interest
(Gregor and Jones 2007), which provide the basis for the
subsequent development or adaptation of an IT artefact. This
process is inherently iterative, in that data collection and
analysis on the one hand and IT artefact creation and eval-
uation on the other hand are deeply intertwined.

5.1.3 Tentative design and requirements

A first tentative design and well-defined requirements are
extremely important to DSR, because they ensure the IT
artefact’s relevance to a real-world problem (Gregor and
Jones 2007; Hevner et al. 2004; Pries-Heje and Baskerville
2008; Walls et al. 1992). In our theory-generating DSR
approach, these requirements and entities emerge from the
intertwined process of theoretical sampling and the collec-
tion of slices of data. Most DSR projects integrate the IT
artefact’s requirements as an essential step (e.g., Aalst and
Kumar 2003; Albert et al. 2004; Markus et al. 2002; for a

detailed discussion please see the Appendix), because with-
out clearly defined requirements, the IT artefact will not be
useful and cannot offer a satisfying solution.

5.2 Development

The tentative design and the explored requirements lead to
the development and creation of the IT artefact which is the
outcome of this step (Kuechler and Vaishnavi 2008a, b).
Because DSR has its roots in engineering and the science of
the artificial (Au 2001; Baskerville 2008; Hevner et al.
2004; McKay and Marshall 2005), the creation and evalua-
tion of the IT artefact are frequently at the focus of research-
er’s attention. They must exist in any theory-generating
DSR approach. In addition, DSR provides additional theo-
retical contributions by representing both an expository
device and the purpose of the testing (Gregor and Jones
2007), as we describe next.

5.3 Evaluation

In the evaluation step, the researcher must evaluate if the IT
artefact meets the requirements and solves the real-world
problem (Gregor and Jones 2007), because “What works
and doesn’t work will evolve over time based upon feedback
and learning from applying the ideas and analyzing the
results” (Basili 1996). This step tests if the criteria that were
explored in the awareness of the problem and suggestion step
are accomplished. The outcome of this step is represented by
performance measures for the ITartefact (Kuechler and Vaish-
navi 2008a, b). Both the creation and evaluation of the IT
artefact are highly intertwined. Without a problem solution,
the preceding steps must be repeated, until the evaluation
actually indicates a satisfactory problem solution. Thus,
theory-generating DSR includes a refinement cycle of data
collection, development, and creation. For traditional
approaches, a solution signals the end (Aalst and Kumar
2003; Umapathy et al. 2008), such that the contribution to
the knowledge base is the development and evaluation of the
IT artefact (Gregor 2006; Hevner et al. 2004). However,
theory-generating DSR goes beyond that border.

5.4 Theory-generation

Beside the simultaneous use of GTM and DSR in the
awareness and suggestion step, theory-generating DSR ena-
bles the researcher to conduct an additional theory-
generation step. In our model, this step represents an exten-
sion of Kuechler and Vaishnavi’s (2008a, b). It enables
additional theoretical insights, beyond the developed IT
artefact and therefore represents an intertwined process of
problem solving and theorizing. In particular, these addi-
tional insights present the outcomes of this extension. It also
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uncovers the potential of GTM to offer valuable research
advice, e.g., techniques such as theoretical sampling and
constant comparative method, to a growing area of interest
in IS research that focuses on the IT artefact, as demanded by
leading scholars (e.g., Hevner et al. 2004; Orlikowski and
Iacono 2001). GTM focuses on generating a behavioural
understanding of the focal phenomenon and making a theo-
retical contribution to the knowledge base, whereby in the
prior steps, DSR solved a real-world problem and developed
the basis for this analysis; the IT artefact.

While GTM enables DSR to offer an additional theoretical
contribution to the knowledge base beyond the IT artefact
(Hevner et al. 2004), DSR enables GTM to bring the IT
artefact to the centre of scholarly attention (Orlikowski and
Iacono 2001).

5.4.1 Additional theoretical sampling

Several additional steps provide new insights about the usage
and performance of the IT artefact. A created IT artefact can
change users’ behaviours and expectations, which would
define new requirements for follow-up projects and improve-
ments of the ITartefact. In this sense, the approach has created
a reusable contribution to the knowledge base. Weedman
(2008) thus describes a DSR project focusing on the evalua-
tion and theory-generating part supported by GTM
techniques.

Additional theoretical sampling involves further data col-
lection, after the creation of the IT artefact, with support
from GTM. These additional data enable the researchers to
explore the performance, usability, and assimilation of the
IT artefact. This step increases understanding of the usage of
the IT artefact and provides a means to explore changes in
people’s behaviour after they use the IT artefact.

Again, the data collection and analysis guide any subse-
quent data collection. Therefore, the understanding of the
phenomena, the usage of the IT artefact, and its impact on
people’s behaviour emerge over time, through iterative cycles
of data collection and analysis (Glaser 1978). Over time, the
researcher achieves theoretical saturation (Eisenhardt 1989).
This extremely important step in theory-generating DSR
bridges the gap between design and behavioural sciences
(Holmström et al. 2009; Orlikowski and Iacono 2001). Some
prior research used additional theoretical sampling but unfor-
tunately only to evaluate the created IT artefact, without
clarifying the connection between the approaches (e.g., Albert
et al. 2004; Markus et al. 2002).

5.4.2 Additional slices of data

Additional data may come from, though are not limited to,
the application of the IT artefact in the appropriate environ-
ment, applicable knowledge from existing literature, and

results from the IT artefact evaluation. The overall analysis
moves up to a higher conceptual level (Levina and Vaast
2005). Furthermore, DSR provides unique data that cannot
be used in an ordinary GTM approach, in the form of so-
called throw-away prototypes (e.g., Markus et al. 2002) and
data from IT artefact testing. Not only does the usage of an
IT artefact depend on its environment, but IT artefacts ex-
plicitly can change their environment and people’s behav-
iours and thus the requirements for future IT artefacts.
However, throw-away prototypes offer only instantiations
as IT artefacts. Thus, in theory-generating DSR, additional
slices of data can contain more than literature, including
prototypes and other innovative data.

5.4.3 Categories

An essential step that condenses core categories during the
analysis involves the structured process of coding and analysis
(Glaser 1978). Different models for coding exist, but in the
Glaserian version, the researcher starts with so-called open
coding, such that he or she groups indicators from the data or
initial IT artefacts into concepts and then categories over time,
when it becomes clear which themes are of central interest to
yield the desired theoretical insights. The coding process itself
evolves and changes over time to becomemore selective, such
that prior conceptualizations and codes guide subsequent
steps. To generate these categories (and their properties) from
the collected data, researchers undergo several iterations of
coding and analysis and employ constant comparison (Glaser
1978). In this sense, constant comparison is the process of
constantly comparing instances of slices of data with other
instances of data to generate the categories. This comparison
can also be applied to define and refine existing categories. It
contributes to the development of theory by structuring the
analytic properties of the data and categories (Urquhart et al.
2010). For instance, Markus et al. (2002) use throw-away
prototypes as sorted categories, refined over such iteration
steps. Thus, researchers can reveal any clear fit of the IT
artefacts with primary or secondary data, including people’s
changed behaviours. The integration of extant literature into
the coding and conceptualization process can enrich the pro-
cess of creating and exploring categories. As a result, the
researcher must not “force” additional theoretical insights
onto the data. The additional data collection and analysis
continues until a point of theoretical saturation. This point is
reached when the researcher believes further data will not lead
to any more insights.

5.4.4 Additional theoretical insight

Condensing the emerged categories allows for analyses of
the relationships among them and thus increases insights
(Glaser 1978). The end result, such as an added contribution
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to the domain of study in the form of grounded theory about
the developed IT artefact, expands the knowledge base (e.g.,
Weedman (2008) contributes to social science theory). After
identifying and defining the core categories, researchers
must assess the relationships among them to generate addi-
tional theoretical insights. An important step to achieve the
final theoretical contribution of this study entails extensive
comparisons across the generated insights and prior pub-
lished work in the same domain. The emergent contribution
and its theoretical insights then can be integrated into
follow-up DSR projects as new requirements to consider.

5.5 Conclusion

To encourage a cumulative research tradition and benefit
from existing problem solutions, the results of the proposed
research approach should be used in further projects or
research cycles, integrated as an existing knowledge base
and slice of data in initial iterations.

In summary, theory-generating DSR integrates simulta-
neously techniques from DSR and GTM to construct an IT
artefact and undertake an evaluation through conceptualiza-
tions and theory building (Hevner et al. 2004; Winter 2008).
Prior DSR research has contributed to the knowledge base
with designs and actions affiliated with the IT artefact itself
(Gregor 2006). We see further potential derived from the
design and action processes. Our intertwined theory-
generating approach provides a process model for such
research, though the sequence of the procedure naturally
must be defined by the researcher and his or her intentions.
That is, theory-generating DSR is highly dynamic and
should lead to a mutable IT artefact that can be easily
adapted to changing environments (Gregor and Jones 2007).

6 Evaluation of our approach to theory-generating
design science research

To evaluate the developed theory-generating DSR approach,
we present first a theoretical evaluation in which we de-
scribe how the developed model fits to the IS design theory
components of Gregor and Jones (2007) and second, illus-
trate with the help of an exemplary case of the extant DSR
literature how some of the theory-generating DSR elements
can be applied.

6.1 Theoretical evaluation

In Table 2 we provide a comparison of the proposed steps
and activities against the eight IS design theory components
provided by Gregor and Jones (2007). Beyond descriptions
of our developed theory-generating DSR approach, we offer
information about the activity in and legitimation for each

step. Finally, we illustrate how the IS design theory compo-
nents of Gregor and Jones (2007) relate to the steps of
theory-generating DSR.

The missing design theory component not addressed by
our theory-generating DSR approach is component 4 from
Gregor and Jones (2007): artefact mutability. Despite this
apparent gap, we believe the overall process of generating
additional theoretical insights from DSR finding leads to a
more mutable IT artefact that can be adapted easily to
changing environments. Furthermore, the detailed analysis
of the IT artefact’s requirements and its functionality in a
given or changing environment makes the IT artefact more
accountable, flexible, and mutable; it is not necessarily
embedded in some specific place, time, or community
(Orlikowski and Iacono 2001). Therefore, though our ap-
proach does not explicitly deal with IT artefact mutability,
which may be regarded as a limitation, we believe it
addresses artefact mutability implicitly, through the process
of iterating IT artefact cycles (problem solving, theoretical
saturation) as the IT artefact goes through repeated cycles of
change and reflections. However, because our theory-
generating DSR approach aims to achieve new insights,
testing artefact mutability with an upfront chosen kernel
theory admittedly is not possible.

6.2 Illustration of our model through an exemplary case

Weedman (2008) analyzed a design project from a behav-
ioural and social science perspective. This design project
was about the implementation of ‘Sequoia 2000’ which
represents an interactive information system based on the
data-handling needs in global change science. Earth scien-
tists need to analyze a huge mass of data of different types,
e.g., satellite data, text, raster, and vector with Sequoia 2000
as the platform that allows to analyze and share the data
among them. The development of Sequoia 2000 can be used
to illustrate several steps of our model even though they are
not explicitly followed by Weedman (2008).

Weedman (2008) entered the field and positioned their
research among others on the design theories of Gregor and
Jones (2007). She conducted an extensive literature review
on DSR and design theories to be informed (awareness) of
the problem. However, their problem was grounded in the
need for a collaboration and analysis tool for earth scientists.
The requirements for the huge data-handling problem were
officially stated as: vastly increased storage, much faster
networking, visualization techniques for modelling, and a
new database management system to replace the existing
flat file system. The expectation towards the system was that
it would change the way how global change researchers
work, for example by allowing much more data transfer
than in the past based on increased storage and network
speed. However, initial theoretical sampling, such as
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interviews with the prospective users, pointed out that their
understanding of the problem was somewhat different. They
thought that it would only provide them with more advanced
hard- and software, without however triggering a fundamental
change in earth science. For instance, a programmer working
for earth scientists pointed out that he does not understand that
this project is beneficial for him. To meet these moving
targets, a questionnaire was sent out to all participants and
several interviews were conducted. Thereby, the participants
and the collected data represent environmental factors as slices
of data. For instance, the interviewees were asked about
potential problems with Sequoia 2000. They pointed out that
some problems with the handling of the technology could
occur. The interviewees based these statements on experiences

with the programmers who emphasized that assistance in the
use of the technology was not within scope. As a conse-
quence, the development was adapted to this insight and earth
scientists were included prior to the implementation. This
implied that the potential user became accustomed to the
technology which resembles an intertwined process of data
collection and analysis to refine the tentative design and the
requirements of the technology.

After solving these problems, Sequoia 2000 was devel-
oped and evaluated stepwise. The first prototypes were fed
with data from the earth scientists to test the performance.
Several problems occurred in this process. For instance, the
network went down several times or the file system broke
down because of the huge mass of data. As a consequence,

Table 2 Eight components of IS design theory in different DSR approaches

Step Derived from Activity Reason Supported Design Theory
Components

Awareness of problem
and suggestion

DSR (Kuechler and
Vaishnavi 2008a, b;
Peffers et al. 2008)

Definition of research lens Need for appropriate
combination of design and
behavioural science

Component 6: Underlying
theories to justify and
explain the design

Theoretical sampling GTM (Glaser 1978) Systematic collection and
analysis of data

Provides the means to identify
requirements and a basis for
generating theory from an
IT artefact

Component 2: Through a
detailed analysis, the
entities of interest can be
derived and clearly
communicatedSlices of data GTM (Fernandez

2004; Levina and
Vaast 2005)

Identification of necessary
slices of data for both
DSR and behavioural
understanding

Allows for combination of
requirement identification/
business needs and
theoretical conceptualization

Tentative design and
requirements

DSR (e.g., Hevner et
al. 2004)

Shaping requirements and
business needs

Fosters the relevance of the
problem solution

Component 1: Defines
what the system is for

Development DSR (Hevner et al.
2004; Kuechler and
Vaishnavi 2008a, b)

Development of the IT
artefact

Strengthens the practical
contribution of the DSR
finding

Component 8: The
physical implementation
of the IT artefact

Evaluation DSR (Basili 1996;
Kuechler and
Vaishnavi 2008a, b)

Evaluation of the IT artefact Confirms whether the
problem is solved

Component 5: Evaluates
whether the IT artefact
satisfies the requirements

Additional theoretical
sampling

GTM (Glaser 1978) Collection and analysis of
additional data based on
IT artefact embedded in
the environment

Extends the scope of the
analysis beyond business
needs/requirements toward
a behavioural understanding
based on preliminary
theoretical sampling

Component 7: Helps
implement additional
theoretical insights
about the IT artefact
through additional data
collection and analysis

Additional slices of
data

GTM (Fernandez
2004; Levina and
Vaast 2005)

Identification of additional
slices of data for
behavioural understanding

Strengthens the theoretical
conceptualization process
within the DSR process

Categories GTM (Glaser 1978) Generation of conceptual
categories (and properties)
from the intertwined data
collection and analysis

Forces DSR researchers to
conceptualize and reach
theoretical abstraction

Conclusion DSR (Hevner et al.
2004; Kuechler and
Vaishnavi 2008a, b)

Embedding theoretical
insights into DSR
literature

Closes the loop by stimulating
further DSR research that
builds on the generated
theoretical findings

Component 3: An
additional theoretical
contribution of the IT
artefact and its
behaviours can function
as a blueprint for follow-
up projects
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additional theoretical sampling and slices of data were
collected from the participants. The programmers saw the
earth scientists involved in the build and evaluate step as a
kind of test bed for early systems testing and evaluation.
However, the earth scientists saw their role as customers not
being interested in acting as test persons but rather receive a
stable and ready-to-use technology that enables them to
conduct their research. The understanding of the earth sci-
entists as customers rather than as participants in the design
reinforced their research goals as being more important than
the design goals. Hence, Sequoia 2000 had to go through
several other improvement loops because of additional
deliverables that were not fixed in the initial requirements
analysis.

The entire Sequoia project can be seen as an example of
including behavioural science aspects into the design and
development of a technology. This project generated differ-
ent conclusions and thereby additions to the knowledge
base. In particular, Weedman (2008) developed two differ-
ent types of contributions: First, she developed an explana-
tion of how the meta-requirements of handling large or
massive amounts of data in the domain of earth science
could be matched with different kinds of solution compo-
nents, including a cross-disciplinary metadata schema and
associated chunking strategy for database management,
principles of data visualization, and the principle of data
reusability for running different analysis tasks. According to
Baskerville and Pries-Heje (2010), this type of contribution
resembles an ‘explanatory design theory’, i.e. the design
product (Walls et al. 1992). However, the second and prob-
ably more important contribution of Weedman (2008) was the
development of categories and relationships between them
regarding the design process of solving ill-defined or wicked
problems. Such a ‘design process theory’ (Baskerville and
Pries-Heje 2010) is represented in the following Fig. 3.

Accordingly, different categories emerged from
Weedman’s (2008) analysis which are related to the core

notion of collaborative DSR projects with ‘reflective
designer-user conversations’ at its centre. Adapted from
Schön (1983, 1992), it represents the idea that designers
and users engage in interactive conversations about both
problem formulation and solving. Such a conversation
stimulates a kind of reflection-in-action and shared un-
derstanding between the designers and users which
leads to enhanced design outcomes. This central aspect
of the collaboration is leveraged and enabled through
three further concepts. First, designers and users are
motivated by placing mutual interest and benefits at
the centre of team composition. According to Weedman
(2008), this can be further leveraged through appropriate
incentive structures. Second, the concept of interdisci-
plinary cooperation provides different viewpoints and
knowledge into the design process. Therewith, different
knowledge types to be combined, including domain expert
knowledge and design knowledge. Finally, users are involved
as partners in the design process to stimulate collaboration
with designers. In summary—drawing fromWeedman (2008)
—a design process theory can be derived that addresses
motivational (i.e. mutual interests and benefits), cognitive (i.e.
interdisciplinary knowledge), and behavioural (i.e.
designer-user collaboration) aspects.

7 Discussion

While DSR has become an established area of research
within IS, it still lacks the maturity of more accepted
research approaches in terms of set of research instruments
used or evaluation of theoretical contributions made. Since the
seminal work of Hevner et al. (2004) there is an even stronger
debate how DSR can be combined with other research
methods to increase its rigor.

Theory-generating DSR focuses on the creation and eval-
uation of theoretical abstractions from an IT artefact by com-
bining elements of constructive research with key concepts
and techniques from interpretative research, thus allowing for
grounded theorizing. Our suggested approach extends the
general design cycle for DSR proposed by Kuechler and
Vaishnavi’s (2008a, b). Different from Holmström et al.
(2009) and Sein et al. (2011) we do not include behavioural
science as an additional and independent component into DSR
but rather develop a process model that enables a simulta-
neous and highly intertwined use of both. In so doing, we can
combine the development of an IT artefact that solves a class
of real-world problems in a new and innovative way with
rigorous theorizing, such as about how the newly developed
IT artefact interacts with its environment.

In particular, the awareness of the problem and the sug-
gestion step can be enhanced through a detailed analysis of
the environment and the extant knowledge base. Through

Reflective designer-
user conversation

Involvement of
users as partners

Mutual interests
and benefits

Interdisciplinary
cooperation

Collaboration Incentives/
motivation

Different viewpoints
and knowledge

Fig. 3 Derived design process theory drawn from Weedman (2008)
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theoretical sampling, slices of data, and the constant com-
parison method researchers may be able to explore the
problem and the phenomenon more precisely and analyze
potential failures in the development in advance. A tentative
design and the requirements of the IT artefact are more
detailed through this refined step in theory-generating
DSR. In addition, the extension of theory-generation after
the evaluation of the IT artefact enables researchers to create
an additional theoretical insight, e.g., from the application of
the IT artefact in the appropriate environment, applicable
knowledge from existing literature, or results from the IT
artefact evaluation. This additional theoretical component
offers another research outcome, but it also complements
the underlying DSR approach and thereby meets the
requirements for a IS design theory, as specified by Gregor
and Jones (2007). As an exemplary case from extant litera-
ture, we used Weedman (2008) who used different behav-
ioural science elements to analyze their developed IT
artefact in more detail.

From a scientific point of view, theory-generating DSR
focuses on the IT artefact and its improvement, as well as
offering additional theoretical insights based on the use of the
IT artefact. Thus, its reusable contribution adds to existing
knowledge bases. Furthermore, it designs and creates IT arte-
facts as means to discover new knowledge (Baskerville et al.
2009), which distinguishes theory-generating DSR from, e.g.,
action research, which aims to create change in an organiza-
tional setting and studies the subsequent effects (Baskerville et
al. 2009). Moreover, action researchers take an action and
apply extant theories within the course of the research project
(Coglan and Coughlan 2002; McKay and Marshall 2001). It
thus explores the research project from an internal perspective;
the action researcher works with the people directly affected
by the action or who have the potential to influence the action
in their environment (Avison et al. 1999). In contrast, a theory-
generating DSR researcher observes phenomena and interacts
only within the scientific environment. Accordingly, theory-
generating DSR provides findings about the potential
improvements to an IT artefact, and the researcher simply
observes.

8 Conclusion

We have developed and presented a conceptual ap-
proach for a complementary use of DSR and behaviou-
ral science research elements, on the basis of Kuechler
and Vaishnavi’s (2008a, b) model and comparison with
components necessary for IS design theories. For our initial
theory development, we used interrelations to combine previ-
ously unconnected bodies of knowledge (DSR and GTM). In
the course of this combination, we identified gaps in their
conceptualizations and added missing components to an

already existing DSR model from Kuechler and Vaishnavi’s
(2008a, b). However, the proposed approach is a general
process model, rather than a strict recipe, and has not yet been
challenged or tested through application to actual DSR
projects.

According to Hevner et al. (2004), theoretical contribu-
tions to the knowledge base represent an important and
necessary part of DSR. We therefore propose the combina-
tion of DSR and GTM to unite design and behavioural
aspects. In particular, we illustrate how design and behav-
ioural research elements combine effectively in a pluralistic
research design, which responds to calls to find potential
research improvements (e.g., Mingers 2001).

Future research in this direction should evaluate whether
such a combined research method is applicable or not in
DSR projects. The used behavioural science method in this
paper uses elements from GTM which is only one out of
many methods in the field. Hence, this paper presents a new
attempt to combine design with behavioural research. Future
research should evaluate further the simultaneous use of
behavioural and DSR methods into a pluralistic research
design.

In summary, for a scientific discipline, generating contri-
butions to its knowledge base is at least as important as
solving real-world problems. We strongly believe that the
proposed theory-generating DSR approach as one possible
combination of design and behavioural science can support
this goal by providing a process model for researchers who
strive to follow and accomplish this aim in a research
setting. From a theoretical perspective, this model can pro-
vide a fruitful contribution to the DSR community and
expect to be very interesting to researchers focusing on
DSR from a methodological point of view. From a practical
perspective, managers could use the developed model for
their DSR projects and thereby improve the development of
prototypes in a structured way to avoid failure or repair
loops.

Appendix: Review of DSR Articles

In the course of our literature research, we found several
articles beside Weedman (2008) that offer support for vari-
ous steps of our theory-generating DSR approach. Each
article depicts a usage of DSR methods. Many articles
present the IT artefact as an instantiation, though as Hevner
et al. (2004) state: “IT artefacts can also be represented by
constructs, models, methods, instantiations, or a combina-
tion thereof” (see also, March and Smith 1995). In Table 3,
we list articles that discuss typical examples of DSR and that
provided some basic ideas for our theory-generating DSR
approach.
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