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1. Introduction

“In the field of operations management (OM), however, it is not clear
whether much if anything would change in practice if the entire group of aca-

demics suddenly disappeared.”
(de Treville, Edelson, Kharkar, & Avanzi, 2009, p. 15)

The role and mission of science is arguably to address complex questions that
matter most to society (Adler & Harzing, 2009). In the field of management,
societal impact of research is often seen through managerial impact (Bartunek
& Rynes, 2010), and the extent to which research is expected to impact manage-
ment (and society by extension) is typically discussed in terms of relevance. As
a concept, relevance is far from unambiguous (Ketokivi, 2009), with differences
in the philosophical underpinnings of research leading to two contrasting views
on when research is relevant. Theory-oriented scientists, primarily engaged in
deductive research, argue that science has an intrinsic value, which serves as a
foundation for theoretical development – arguing that truly great discoveries
(which ultimately benefit society) can only be achieved, if science is done for the
sake of science. On the other hand, practice-oriented scientists, mainly engaged
in inductive and abductive research, argue that societal benefit is driven by close
collaboration with society – arguing that the value of research is determined by
the extent to which it helps managers in solving the management problems they
face. Diverging views aside, both camps share a persistent concern for the low
impact, and by extension low practical relevance, of (operations) management
research (cf. Beyer & Trice, 1982; Hambrick, 1994; Kieser, Nicolai, & Seidl,
2015; Romme, 2003; Schmenner & Swink, 1998; Schmenner, Wassenhove,
Ketokivi, Heyl, & Lusch, 2009; van Aken, 2004).

Design science (DS) has been portrayed as a solution to the relevance problem
(Holmström, Ketokivi, & Hameri, 2009; Romme, 2003; van Aken, 2004), and
has consequently gained traction in both management (eg. Jelinek, Romme, &
Boland, 2008) and operations management (OM) (cf. van Aken,
Chandrasekaran, & Halman, 2016). However, due to the relative novelty of the
research approach, most of the methodological discussion to date has focused
on justifying DS as a valid way of doing research, and positioning or relating DS
to “traditional” research approaches – instead of methodological exploration
and elaboration of how and when DS research should be conducted in (opera-



Introduction

2

tions) management settings. This becomes apparent when comparing the rela-
tively scarce literature on DS in OM, to fairly abundant (and often cited) meth-
odological literature in the field of information systems (IS) (cf. Gregor &
Hevner, 2013; Gregor & Jones, 2007; Hevner, March, Park, & Ram, 2004;
Peffers, Tuunanen, Rothenberger, & Chatterjee, 2007), which is arguably at
least a decade before OM in this respect.

With DS gaining traction in OM, the time is ripe for taking the next step in
discussing DS as a methodology in OM. With the beachhead secured (cf.
Holmström et al., 2009; van Aken et al., 2016), exploration of distinct features
of DS in the field and research contexts of OM may begin. Looking at methodo-
logical contributions in the field of IS, open questions could include the struc-
ture of design theory (Gregor & Jones, 2007) and its relationship to formal the-
ory, the DS process in OM (Peffers et al., 2007), the relationship between subject
of research and potential of contribution (Gregor & Hevner, 2013), and writing
and reporting DS research (Gregor & Hevner, 2013). This is not to dismiss the
work done in IS as unfit for OM (on the contrary, I draw upon it extensively in
this dissertation), but rather to refrain from assuming it is readily applicable,
and that OM does not need to undergo methodological introspection in this re-
spect. In his editorial on OM research relevance, Ketokivi (2009) discusses the
divergent views of the two camps discussed above – one point on which they
differ is the theory-oriented scientist’s interest in that which exists, in contrast
to the practice-oriented scientist’s interest in what could or should be. Thus, it
would seem natural to begin answering the open questions of DS in OM through
exploring the methodological underpinnings and implications of designs in
terms of how they evolve from what could or should be, into that which exists.

This thesis sets out to explore the methodological implications of design ma-
turity in OM, based on the four appended design studies. The appended re-
search papers describe OM designs in the context of construction (article 3) and
asset maintenance (articles 1, 2 &4) – with the common denominator being that
they are all enabled by digitalization and ICT. The OM designs are arguably in
different stages of maturity, with two of the designs (articles 1 & 2) being in a
very early stage, given that they have not yet been field-tested (cf. van Aken,
2004). These designs (where I was the designer) produce in-depth insight in the
processes of problem (article 2) or opportunity (article 1) framing and design
construction. Hence, this dissertation is partly also an introspective account of
the relationship between designer and design, and the role of framing in trans-
lating what ought to be into what is. The other two designs (articles 3 & 4) are
more mature, with real-life implementations and materialized outcomes, pro-
ducing insight in the processes of how outcomes are materialize in the intended
context (article 3) and  in contexts to which the design is transferred (article 4).
Together, these papers create insight in how designs evolve from an initial idea,
or problem, to being full-blown cross-context designs – and what knowledge is
created in the process.
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1.1 Research objective and questions

The research objective of this thesis is to understand design maturity from a
methodological perspective. In other words, to shed light on what we can learn
from maturing OM designs, how this knowledge can be derived, and finally, how
it could be structured and communicated. Considering the limited amount of
DS research and methodological discussion in OM to date, the objective of the
thesis could be characterized as methodological exploration. Hence, I will try to
refrain from a prescriptive tone in my conclusions, which after all are based on
(just) four designs, arguably just and just covering the (proposed) design ma-
turity spectrum. This being said however, they do cover the spectrum – which
allows me, based on my research, to offer a descriptive account of how research
can be conducted in the different stages of design maturity and how it leads to
new knowledge, which contributes to OM theory. Given the research objective,
the first question in need of an answer is:

RQ 1. How can design maturity be evaluated?

This question is answered based on a review of previous research, largely from
outside the field of OM. In the findings-section the answer is further refined
based on the conducted empirical research. While there is a number of more or
less explicit process models in methodological DS discussions in different fields
(e.g. Holmström et al., 2009; Peffers et al., 2007; van Aken, 2004), they all tend
to be contribution-centric in the sense that the desired knowledge is predefined,
and the process leading to that knowledge is elaborated. In contrast, this thesis
is built on the premise that different types of knowledge are created in different
phases of the design’s lifecycle, which prompts a revisit of the very foundations
of DS (Simon, 1996). Once design maturity has been pinned down, the ap-
pended articles shed light on what knowledge is created in the different stages
of design-maturity, providing an answer to the second research question:

RQ 2. What kind of knowledge is created in different stages of design
maturity?

Again, there is previous work related to this question, mainly outside the field
of OM, which provides a good starting point, against which to reflect the re-
search reported in the articles. Further, based on the conducted research I will
be able to discuss what methods would seem suited for extracting the
knowledge, and how designs should be conceptualized in the different stages of
design maturity. Based on this reflection I expect to reach the objective of the
thesis, through being able to chart the crude outlines of how what ought to be
becomes what is, and what we can learn in the process, simultaneously address-
ing the great divide in the field of OM (cf. Ketokivi, 2009).

1.2 Empirical context(s)

The empirical contexts studied in the articles which comprise this thesis, could
be considered wildly different, as construction and maintenance differ in several
important aspects. Where the former is concerned with creating something that
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does not exist, the latter with maintaining what has already been built. The for-
mer emphasizes project over process, while the latter emphasizes process over
project. Despite their differences, both are characterized by an operating envi-
ronment of significant variability, complexity and uncertainty (cf. Colen &
Lambrecht, 2013; Dubois & Gadde, 2002b; Elfving, Ballard, & Talvitie, 2010;
Erkoyuncu, Durugbo, & Roy, 2013).

From an operations management perspective variability, complexity and un-
certainty tends to be associated with inefficiency and waste (Bowen &
Youngdahl, 1998; Seddon, Donovan, & Zokaei, 2011), as the first response is to
hedge operations against these through buffers, and to some extent bear the risk
of failed coordination. The second response to coping with variability, complex-
ity and uncertainty is through increasing the flow and processing of information
(Galbraith, 1974; Sampson & Froehle, 2006; Tushman & Nadler, 1978), improv-
ing the organization’s responsiveness and agility. A key enabler for the second
response is information- and communication technologies (Kowalkowski,
2008), which are not only changing how organizations work internally
(Orlikowski, 2000), but also how organizations interact (Brax & Jonsson, 2009;
Hadaya & Pellerin, 2010; Kowalkowski & Brehmer, 2008) and create value
(Oliva & Kallenberg, 2003; Ulaga & Reinartz, 2011).

As digitalization advances, more and more activities, resources and knowledge
can be digitally represented, enabling more elaborate and extensive information
flows, driving more efficient and effective operations (Wee, Kelly, Cattel, &
Breunig, 2015). Amounting up to a present and future where digitalization is
driving a profound change in how companies cooperate and compete (Porter &
Heppelmann, 2014). This is the shared context and common denominator of my
doctoral research; I explore designs (brought into a varying degree of maturity),
which explore, test and elaborate new ways of doing things, of operating, based
on data, made available by digitalization, and enabled by information and com-
munication technologies.

1.3 Scope and structure of the thesis

Considering scoping, one of the key learnings, which has stuck with me from my
graduate course in systems engineering, was that when defining something, you
need to be talking about what something is – rather than what it isn’t, and what
it does – rather than what it doesn’t. This thesis is about design science in OM,
and specifically explores the creation of knowledge through designs. The find-
ings of this thesis are to be considered inclusive, as the whole truth is likely be-
yond the four designs elaborated in the research papers that comprise this the-
sis. Finally, I also note that there is a contextual bias in the conducted research,
as all studied designs represent new ways of doing things, enabled by digitaliza-
tion, in B2B business contexts, ruling out all but speculative claims on applica-
bility in e.g. B2C operations.

This concludes the introduction, where I have sought to position the thesis in
the general, academic discussion by stating where I perceive a lack of
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knowledge, and how I intend to address this perceived gap. I also briefly sum-
marized the empirical contexts of the appended research articles, relating them
to greater societal and industry trends. In section 2, I will begin by exploring the
methodological foundations design science, relying mainly on Simon (1996),
with the objective of outlining a maturity view of design. I will then extend this
discussion to encompass questions of knowledge creation and structuring. Fi-
nally, I will review the scarce previous literature on DS studies in OM. In section
3, I will briefly discuss the philosophical foundations for design science, further;
I will present and elaborate on the methods employed in the research articles
papers.

In section 4, I present a new framework on design maturity, to which I relate
the findings in the research articles (RQ1). I then discuss what knowledge the
articles create (RQ2), as a function of design maturity. I conclude section 4 by
reflecting my findings on maturity and knowledge against previous DS studies
in OM. Finally, in section 5, the implications of the thesis are discussed, arguing
for a maturity-based foundation for the upcoming DS methodological debate in
OM – in an attempt to avoid a future where design scientists have to choose
whether they are with practice or theory (cf. Peffers, Tuunanen, & Niehaves,
2018). In section 5, I also discuss a number of methodological guidelines arising
from my work, and identify issues, which will spark future methodological de-
bate within OM. Finally, Appendices 1-4 include the original research articles,
based on which this thesis is built.
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2. Literature review

Building on the foundation of the sciences of the artificial (Simon, 1996), DS
aims to produce knowledge through design artifacts and the process of their cre-
ation and implementation (van Aken, 2004). In OM the design artefact is char-
acterized as a management intervention (Denyer, Tranfield, & van Aken, 2008),
often framed as a solution to a problem faced by management (Holmström et
al., 2009). Knowledge created through design artefacts contain the “what” in the
solution itself, and most importantly the “why” as the solution rationale. Fur-
ther, the implementation of design artefacts answer the questions of “whether”
and “to what extent” something works, which then feeds back to solution refine-
ment (Holmström et al., 2009). In this section, I will review prior (mainly meth-
odological) literature in an attempt to build a foundation for answering the re-
search questions. The focus of this review will be on what designs are, and what
we can know about them, and based on them.

2.1 Understanding the artificial through design

The word design expresses an interesting duality in the sense that design can be
both something that is, and something that one does (Hevner et al., 2004; citing
Walls, Widemeyer, & El Sawy, 1992). In this section, I focus on the prior – on
how designs can be seen and understood with the intent of producing novel un-
derstanding of the context in which they are embedded. I will however, at sev-
eral occasions, return to this duality, pointing out how design (as a process) is
reflected in the design (as artifact) – and how that which is may have emergent
properties, affecting what we do (Cooren, Thompson, Canestraro, & Bodor,
2006). In the following section (section 2.1.1), I discuss what (artificial) designs
are and how they are described, focusing on the relationship between prob-
lem/opportunity and solution – where one induces the other. I then briefly dis-
cuss two special cases of design – (1) transfer of design from one context to an-
other (implying strong problem and solution definitions) in section 2.1.2, and
(2) exploration through design (section 2.1.3) which denotes situations where
both opportunity and solution definitions are weak. Finally, in section 2.1.4, I
conclude by discussing how a design, as an (potentially emergent) artefact, ma-
tures along with having an increasing real impact.
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2.1.1 The nature of designs

The purpose of design science is the creation of new knowledge through study-
ing design, both as a (potentially immersive) process, and as a manifestation of
embedded purpose. Consequently, one would expect that how design scientists
should describe their designs would be a widely debated issue. Yet there is scant
prior research that would have concentrated on debating this specific issue, lest
present normative guidelines on how, exactly, designs should be described in
order for them serve the purpose of design science. In order to create a sound
foundation for answering RQ1 in this thesis, I consolidate prior research explor-
ing this issue, mainly relying on research from outside the domain of OM.

In Sciences of the Artificial, Simon (1996) distinguishes between the natural
and the artificial, discussing how we could attempt to understand and create
knowledge about latter, and how this on some points stands in contrast to the
same endeavor regarding the former. In the quest for understanding and creat-
ing knowledge, the natural and artificial, however, share the same descriptive
objective of offering a simple explanation of the complex (Simon, 1996). This
also serves as a guiding question for the upcoming discussion on the nature of
artificial designs – how do we crate simple descriptions of presumably complex
designs, hence making them understandable?

The first clue as to the nature of designs can be elicited by asking what sets a
design, or what is generally considered a design (e.g. a bridge), apart from that
which is not considered a design (e.g. a rock) – or can everything be seen as
design? Both are enabled and constrained by the natural forces and laws of the
universe (Hevner et al., 2004; Simon, 1996; van Aken, 2004), so differentiation
is not to be found there – neither can we say that the natural would be simple in
contrast to the complex artificial, as the opposite argument is often more ap-
pealing (Simon, 1996). In conclusion, Simon (1996, p. 5) states that in contrast
to the natural, the artificial is “synthesized (though not always with full fore-
thought) by human beings” and it “may imitate appearances in natural things
while lacking, in one or many aspects, the reality of the latter”.

A perhaps more important distinction however, lies in the emergence of that
which is considered. Whereas the natural emerges spontaneously, brought into
existence by chance, as a result of random trial and error, that which is designed
emerges purposefully, brought into existence by conscious effort, as a result of
selective trial and error (Simon, 1962, 1996). What sets the artificial apart from
the natural is thus the implied existence of a designer, which is able to conceive
how things “ought to be” (Simon, 1996, p. 4), and hence impose purpose – be-
yond that of mere existence – on that which now becomes design. The remain-
der of this section is dedicated to exploring different, complementary ways of
describing designs, beginning with design as purpose, moving on to design as
structure and design as behavior, and concluding with design as emergence.

Design as purpose
“Solving a problem simply means representing it so as to make the solution
transparent” (Simon, 1996, p. 132). Apart from conveying Simon’s essential
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view that designs emerge in response to a perceived need to change one’s envi-
ronment, as discovering the means to a predetermined end, this quote high-
lights two important aspects of viewing designs as manifestations of purpose.
The first aspect being that design purpose is a matter of representation, where
“every problem-solving effort must begin with creating a representation for the
problem – a problem space in which the search for the solution can take place”
(Simon, 1996, p. 108). The significance of problem framing has been acknowl-
edged3 by design scientists (Hevner et al., 2004; Holmström et al., 2009), and
highlighted in empirical design research – also in the research articles compris-
ing this thesis. Related to this point, Groop et.al. (2017) found that, especially
when multiple stakeholders are involved, different representations of the prob-
lem may, and typically will lead to different, sometimes conflicting solutions
(Jelinek et al., 2008), and by extension refined designs (Holmström et al.,
2009).

The second aspect highlights that problem solving seldom starts from a clean
slate, as any designer tends to be pre-equipped with knowledge of a set of
means, which leads to a temptation to frame the problem so that it can be solved
by known means (Holmström et al., 2009). While this view would imply that
there are no truly novel solutions, this is not the point, nor is it accurate, as Si-
mon (1996, pp. 210–211) reasons in contrast to Plato’s notion that all learning
is remembering. The point of highlighting this aspect is rather that problem rep-
resentation is a reflection of the designer, reflected in the design. A quote from
Pfeffer & Sutton’s (2006, p. 3) piece on evidence-based management illustrates
this point well: “The old saying “To a hammer, everything looks like a nail” often
explains what gets done”.

This leads us to the other side of the coin, as Holmström et.al. (2009) argue
that, complementing a problem- (Simon, 1996; van Aken, 2004) or need-driven
(Hevner et al., 2004) approach to design science, an equally viable starting point
is that of a solution-driven process. Here the design is to some extent given, and
the search process aims to identify problems, or opportunities, where the design
can be leveraged. The basic setup is still expressed in terms of means and ends,
however, it inverts to discovering, or creating “multiple new ends that could not
have been foreseen at the beginning of the process” (Sarasvathy, 2003, p. 214).
The distinction between problem- and solution-driven approaches is far from
clear cut, as noted by Sarasvathy (2001): “human imagination and human aspi-
rations influence each other and reshape one another continually, both directly
and through economic artifacts”. However, both imagination and aspiration are
vehicles of purpose, explanations on why designs come into being.

Further, in terms of understanding the influence of problem (and solution, as
per the argumentation above) representation on design, Simon (1996, p. 131)
notes that “we are still far from a systematic theory of the subject – in particular,
a theory that would tell us how to generate effective problem representations”.
Simon (1996, pp. 131–134) mainly discusses effectiveness of representation in

3 For an example of this issue on a societal scale, see Simon’s (1996, p.141-143) recount of the “Marshal
Plan” implementation.
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terms of how fast or easily a solution to a complex problem is derived in the
mind of a problem-solver. A complementary view arising from bounded ration-
ality in organizational settings, is one where the effectiveness of problem repre-
sentation is determined by how well the representation is able to align the views
and efforts of the actors involved in the design process (cf. Simon, 1996, pp.
139–141).

Design as structure
For readers with an engineering background, the first association with the word
design is probably somehow related to structure, or physical form. In accord
with this, a description of design structure ideally conveys what the design is,
for the purpose of design reproduction (Simon, 1996). When moving from the
technical domain to the economic and organizational, the structure of design
becomes something far more abstract. Simon (1962, 1996) approaches the
structure of design from the perspective of complexity,  arguing that (1996, p.
215) “most of the complex structures found in the world are enormously redun-
dant, and we can use this redundancy to simplify their description”. In other
words, we can seek to understand complex structures through understanding
their parts.

A simplified description of complex systems, to which many complex systems
lend themselves (Simon, 1996, p. 207), tends to be hierarchical and near decom-
posable. Hierarchy in this connection means that complex systems will exert a
parts-within-parts-within-parts structure. Examples would include employee-
department-firm-industry-economy or cogwheel-transmission-propulsion-ve-
hicle-transport. With proper decomposition, hierarchies enable us to “build
nearly independent theories for each successive level of complexity, but at the
same time, build bridging theories that show how each level can be accounted
for in terms of the elements and relations of the next level below” (Simon, 1996,
p. 172).

The question is then, what is “proper” decomposition and how is it derived?
The key to this according to Simon (1996) is in defining hierarchy based on the
intensity of interaction between parts (or actors). Here, system structure is de-
fined based on weak interaction of its constituents over sub-system boundaries,
in contrast to a strong interaction within sub-systems. Weak (enough) interac-
tion provides the premises for near-decomposability, a property of hierarchical
(complex) systems with two important implications for building an understand-
ing of these systems (Simon, 1996, pp. 197–198). First, in the short run, the be-
havior of a sub-system is “approximately independent” of the behavior of other
sub-systems. Second, in the long run, the behavior of a sub-system depends
“only in an aggregate way” on the behavior of other sub-systems.

   In a similar vein as interaction implies a conceptually intertwined relation-
ship between understanding design as structure and as behavior, there is an in-
dication of kinship between structure and purpose, as the “proper” decomposi-
tion is essentially a representation of structure. Related to this, Simon (1996, p.
128) notes that “there may exist alternative feasible decompositions of radically
different kinds”. Simon (1996) continues by illustrating this through how work
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in business organization can be decomposed in several different ways (e.g. busi-
ness functions, business processes, business projects etc.), although the subject
of study (and how it behaves as a system) remains the same. Also Jelinek et.al.
(2008, p. 318) recounts different ways of decomposing organizational structure,
noting that; “our descriptions matter, for they direct our attention and expecta-
tions”.

Whereas the structure of complex systems can be understood in different ways
depending on how the design hierarchy is defined, the border between design
and environment is often treated less ambiguous, or even implicit. Simon (1996,
p. 6) discusses this border as “a meeting point – an “interface” in today’s terms
– between an “inner” environment, the substance and organization of the arte-
fact itself, and an “outer” environment, the surroundings in which it operates”.
While this border can be problematized, and I later do problematize it, this is
where design can be understood as behavior.

Design as behavior
At the interface between design and environment, design purpose materializes,
as the design interacts with its environment. Studying the behavior of the design
at this interface holds potential to reveal knowledge of not only design purpose,
but also insight in design structure (Simon, 1996). Further, just like complexity
in structure can often be reduced through hierarchical description, seemingly
complex behavior of a design “is largely a reflection of the complexity of the en-
vironment in which it finds itself” (Simon, 1996, p. 52). In other words, behavior
can presumably be described as a set of interdependent rules (or mechanisms)
which (despite relative simplicity), triggered by different environmental stimuli,
may together create complex outcomes.

Whereas the environment evokes behavior, design structure not only enables
behavior, but also limits it. As expressed by Simon (1996, p. 12): “the behavior
of the system will only partly respond to the task environment; partly it will re-
spond to the limiting properties of the inner system”. Based on the discovery of
the interdependent rules that add up to a description of design behavior, we can
thus seek to deduce what the design is intended to do, what the design can do,
and to some extent, what it cannot do. This leads Simon to conclude that “we
might look toward a science of the artificial that would depend on the relative
simplicity of the interface as its primary source of abstraction or generality.”
(Simon, 1996, p. 9). However, behavior unfolds over time, which has implica-
tions for creating design knowledge based on behavior. This leads us to ques-
tions of how stable and sustainable design purpose, structure and by extension
behavior is, which prompt a fourth approach to describing designs – that of de-
sign as emergence.

Design as emergence
“Cognitive limitations on our rationality allow us to build artifacts that achieve
only local optima at best; yet, our artifacts can endure over time by learning to
adapt to contingencies and sometimes even exploit those contingencies for their
own survival and prosperity” (Sarasvathy, 2003, p. 205). The fourth approach
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in describing designs is that of design as emergence. This approach describes
design as a melting pot, where, driven by a changing environment, purpose is
adapted, structure is regenerated or reproduced and behavior is learned. While
this approach is less explicit (but present) in the extant literature (cf. Gregor &
Jones, 2007), Simon (1996, pp. 210–215) touches upon emergence in his dis-
cussion on self-reproducing systems. He relates his observations to the survival
of adaptive organisms, arguing that “adaptiveness” is rooted in the ability to find
the difference between a desired state of affairs, and a current state of affairs,
and then to “find the correlating process that will erase the difference” (Simon,
1996, p. 210).

Related back to design as that of the artificial, I will argue that many of the
OM designs constructed today have emergent properties – where structure or
behavior is not strictly predefined – or designed – but rather unfolds over time
in accord with a changing environment. Considering the study of emergence,
which is also very relevant in design transferability, there are two important
concepts, which are central in understanding design as emergence. The first is
the existence of a meta-design, a common denominator – a design that serves
as the foundation and facilitator of the emergent designs. Van Aken (2004, p.
227) touches this in his discussion on design exemplars, which he defines as “a
general prescription which has to be translated to the specific problem at hand;
in solving that problem, one has to design a specific variant of that design ex-
emplar”. In description of a meta-design, a connection can be drawn to design
patterns – which are documented solution designs or means-ends propositions,
proven to hold in contexts other than the one in which they were developed
(Holmström et al., 2009). The second is a tendency of design emergence to be
path-dependent (David, 1985; Pandza & Thorpe, 2010; Sarasvathy, 2003). Both
of these are conveyed in Simon’s (1996, pp. 212–215) discussion on ontogeny
recapitulating phylogeny. Design as emergence also makes the distinction be-
tween design and designer ambiguous, as a part of the designer is in a way
etched in the design (Cooren et al., 2006), or a design is a result of subsequent
design efforts by different designers (organizational use, perspectives and par-
ticipants in Sein et.al. (2011)).

Van Aken (2004, p. 241) discusses emergence in organizations through the
following analogy; “an organization can be compared with a garden, as artefact
created through the designs and hard work of the gardener and as natural sys-
tem developing under the influence of sun, rain, soil conditions, insects etc.” He
then continues with noting that “in some gardens the gardener tries to control
natural development as best as he/she can, while in others the gardener leaves
more to Mother Nature” (van Aken, 2004, p. 241). These passages also capture
the basic premise of design as emergence, in the sense that a good designer will
know when it is best to leave something to nature – and how, through the de-
sign, one can make sure that nature will take care of it. “Nature” in these organ-
izational settings arguably primarily consist of people, whose interactions con-
stitute the organization (van Aken, 2005), making behavioral research an inte-
gral complement to design research (Hevner et al., 2004) in understanding the
emergent properties of designs.
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In the field of information systems, Sein et.al. (2011) discuss guided emer-
gence as a principle related to reflection and learning in what they term Action
design research. The authors outline emergence as the consequence of a recip-
rocal design process, where artifact and organization shape each other, “re-
flected“ in the resulting design (Sein et al., 2011, p. 44). A few years earlier, in
the same field, Gregor & Jones (2007, p. 326) postulate that; “we believe that
the lack of theories about IT artifacts, the ways in which they emerge and evolve
over time, and how they become interdependent with socio-economic contexts
and practices, are key unresolved issues for our field”. They continue to stress
that the issue “will become even more problematic in these dynamic and inno-
vative times” (Gregor & Jones, 2007, p. 326). A similar line of argumentation is
arguably applicable to the field of OM, in light of the increasing significance of
behavioral research in OM (Bendoly, 2006; Bendoly, Croson, Goncalves, &
Schultz, 2009; Bendoly, Donohue, & Schultz, 2006; Gino & Pisano, 2008). This
is also supported by Romme (2003), who argues that studying emergent prop-
erties of (organizational) designs through complexity theory is a promising area
for future work.

2.1.2 Design transferability

“If natural phenomena have an air of “necessity about them in their subservi-
ence to natural law, artificial phenomena have an air of “contingency” in their
malleability by environment” (Simon, 1996, p. xi). While Simon in The Sciences
of the Artificial is preoccupied with exploring problem-driven design, scholars
in the fields of entrepreneurship and OM have occasionally highlighted the
equally viable approach of solution-driven design (Holmström et al., 2009;
Sarasvathy, 2001). As noted in the previous section, the distinction between
problem- and solution-driven research is far from clear-cut, arising from the
degree of ambiguity in how the problem or solution is defined. Akin to the dis-
tinction between exploration and explanation discussed by Holmström et.al.
(2009), one can distinguish between design exploration and -exploitation,
where the latter is the subject of this section, and contrary to what Holmström
et.al. (2009) posit, also in the scope of the design scientist.

Problem and solution are tightly intertwined, and whereas design exploration
denotes research on weak problem- and solution definitions, design exploita-
tion builds on strong problem- and solution definitions. Once a design has suc-
ceeded in bringing about change in the context in which it was conceived, the
question arises whether the design could bring about a similar change, in a dif-
ferent (but similar) context. These similar contexts then form a limited range of
contexts in which the design brings about the intended outcome, defining what
van Aken (2004) calls an application-domain. With design purpose rooted in
context, the generalizability of a design becomes a question of how well the de-
sign transfers to other contexts (van Aken, 2005), the answer to which gradually
outlines the generic (meta-) design, based on which context-specific applica-
tions are built (van Aken et al., 2016).  On a market or industry scale, design
transferability in terms of learning from the successful designs of other firms
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plays a significant role “in the gradual evolution of an economic system com-
posed of business firms” (Simon, 1996, p. 48).

2.1.3 Exploration through design

Whereas solution-driven design science, aiming for design exploitation deals
with strong problem and solution definitions, solution-driven design science
done for the sake of exploration starts with weak problem and solution defini-
tions. Weak in this sense does not mean that the designer goes about bringing
change to the world without any pre-existing notion of what the oppor-
tunity/problem or the solution would be, but rather that problem and/or solu-
tion are defined on a domain-level. An illustrative example here would be an
explorative study of introducing RFID in a supply chain (cf. Ala-Risku,
Kärkkäinen, & Holmström, 2003; Kärkkäinen & Holmström, 2002), where the
purposes of a type of technology (-solution) (RFID) is explored in the (problem-
) context of supply chains.

Despite outlining that exploration through design necessarily has (at least) a
weak problem and/or solution definition, we need to highlight an exception in
this rule. A designer can start from a clean slate with respect to problem and
solution; however, in this case the designer is typically referred to as an entre-
preneur. Research on entrepreneurship is an established field, which has also
embraced design science (Sarasvathy, 2001, 2003) to some extent. Removing
the solution and the problem from the equation however puts the focus on what
is left: or to be more precise, what exists before the solution and the problem:
the designer. Sarasvathy (2003, p. 218) captures this in her elaboration on en-
trepreneurship as a science of the artificial “our designs are contingent on our
imagination […] given who we are, what we know, and whom we know, we can
build a variety of effectual artifacts by focusing on what we can do, rather than
continually worrying about what we ought to do”.

2.1.4 How designs mature

“Artificial things are often discussed, particularly when they are being designed,
in terms of imperatives as well as descriptives” (Simon, 1996, p. 5). Building on
this quote, we could characterize the design process as one of converting imper-
atives to descriptives, where what ought to be is gradually transformed into what
is. The maturity of a design can be evaluated in a similar vein, where a desire to
change the state of things eventually results in a solution which changes the
state of things. However, as a concept, maturity carries the built-in assumptions
of unidirectionality and finality – both of which can be questioned based on
prior research presented in this section. I do this by distinguishing between
problem and solution maturity (Gregor & Hevner, 2013).

First, design unidirectionality can be questioned as design is commonly de-
picted as a highly iterative process (Hevner et al., 2004; Holmström et al.,
2009), where a solution is gradually improved when reflected back against the
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(ill defined) problem (Romme, 2003), driving an iterative refinement of the de-
sign (Peffers et al., 2007). Supporting this notion (or perhaps founding it), Si-
mon (1996) discusses design as an activity where problems and solutions can
potentially be broken (decomposed) into smaller semi-independent design
challenges, and where arriving at a solution is the result of an iterative search-
and selection process. Assuming that these iterations may involve reverting to
an earlier stage of the design (in order to try an alternative path), the unidirec-
tionality of design can be questioned. However, in a juxtaposed view Simon also
characterizes search processes not as processes for seeking solutions, but rather
as “processes for gathering information about problem structure that will ulti-
mately be valuable in discovering a problem solution” (Simon, 1996, p. 127).
Merging these views, allow us to discuss maturity as a unidirectional concept,
in the sense that whenever the design, or solution, takes a step back, the under-
standing of the problem takes a step forward.

Second, design finality can be questioned, as design is, by some, argued to be
a continuous process, and designs by their nature “unstable”. Simon (1996, p.
162) explores these aspects, noting that “a paradoxical, but perhaps realistic,
view of design goals is that their function is to motivate activity which in turn
will generate new goals”. Further, as discussed in section 2.1.1, designs with
emergent properties are by their nature unstable (or incomplete). For designs
with emergent properties, the involvement of one designer may cease, only to
be followed by the design actions of the next designer – “what we call “final”
goals are in fact criteria for choosing the initial conditions that we will leave to
our successors” (Simon, 1996, p. 163). Adaptive designs with emergent proper-
ties may not have a “final” mature state. The understanding of such designs can
however, if not have a final state, at least be argued to converge. So whereas
design maturity in terms of purpose, structure and behavior can be evaluated
against a fixed environment, design maturity in terms of emergence can be eval-
uated against different and changing environments.

With these two rhetorical issues settled, based on the prior work presented in
the previous sections, we can sketch the following representation of how designs
are born, and how they mature (Figure 1). Before the design, before even a hint
of problem or solution exists, there is only the primary designer – harboring the
seed of framing, which begins to grow at the instance the designer comes across
something that ought to be. While framing and re-framing both solution and
problem (or opportunity) the designer begins translating behavior to structure
and vice versa, perhaps considering emergence, gradually giving birth to the de-
sign artifact. Once the artifact has come into (at least partial) existence, it is sub-
jected to context (perhaps gradually). This reveals not only its effectiveness, but
also unexpected emergent properties – which may prompt re-design (Sein et al.,
2011). Emergence comes about when the design is reliant on (boundedly ra-
tional) users, who impose their own frames of problem on the solution, leading
to unintended use and outcomes. Once the design has produced satisfactory (or
as good as it gets) outcomes in the context it is designed for, the design may
spark interest in other similar contexts, where a similar problem (or opportunity
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exists). Provided that the primary designer is not involved in the transfer, a sec-
ondary designer (with possible differences in framing compared to the primary
designer) adapts the design to his or her context through a similar process un-
dertaken by the primary designer, re-using aspects of the original solution, to
the extent they are available and seem to be applicable and appropriate. As the
design produces (or does not produce) satisfactory outcomes in the secondary
contexts, the limits of design applicability are gradually mapped and a generic
conception of the design emerges (on top of which further context-adaptations
can be developed).

Figure 1 - Design maturity

2.2 Creating knowledge through design

After probing different aspects of designs and their properties, we return to what
makes design science a de facto science. Science is arguably concerned with cre-
ating knowledge based on which we can understand the world that surrounds
us. In contrast to the natural sciences, which is concerned with creating
knowledge on what is, design science is concerned with creating knowledge on
what ought to be (Simon, 1996) – based on the premise that, through human
agency, persistence and ingenuity, what ought to be will become what is. The
pragmatic basis of design science (Romme, 2003) is thus concerned with creat-
ing “knowledge to be used in designing solutions, to be followed by design-based
action” (van Aken, 2004, p. 226).

2.2.1 Articulating design knowledge

While Simon (1996), in his pioneering work, argues for the legitimacy and
need for a science of the artificial, he does not offer much detail on how theory
concerning and deriving from artifacts should be articulated (Gregor & Jones,
2007). Design scientists seemingly agree (cf. Gregor & Hevner, 2013;
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Holmström et al., 2009; Romme, 2003; van Aken, 2004; van Aken et al., 2016)
that design knowledge, just as any theory (Bacharach, 1989), is captured in test-
able (and refutable) propositions. As design-propositions arguably form the
truth claim, and thus the essence of a design theory, we shall return to them
shortly. First however, we will take a broader look at design knowledge, as van
Aken (2005) note that design propositions (referred to as technological rules in
the cited article) are necessarily accompanied by thick descriptions, which may
“fill an article, a report or even a whole book” (van Aken, 2005, p. 23). Gregor &
Jones (2007) arguably explore what these thick descriptions entail, as they elab-
orate what they call the anatomy of design theory (in the field of IS).

Figure 2 - ISDT (Gregor & Jones, 2007) related to design maturity. Red/freehand text repre-
sents my interpretation of the source

Gregor & Jones (2007) identify six core components and two additional com-
ponents, which together constitute an Information Systems Design Theory
(ISDT). The components can be related to the above discussion on the nature of
designs. Design as framing is conveyed through purpose and constructs, possi-
bly inspired by justificatory knowledge and providing the language for exposi-
tory instantiations – the components relating to how a problem/solution is
seen, discussed and communicated. Design as structure and behavior can be
present as defined relationships (hierarchy) and interactions amongst con-
structs, but would probably be elaborated in principles of form and function.
Design as emergence is arguably relatable to artifact mutability, but could also
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be related to principles of implementation, for example if the design implemen-
tation contains path-dependencies. While these components arguably, or per-
haps ideally, convey a thick description of a given design, the gist of design
knowledge, is condensed into testable propositions, i.e. truth statements about
the design theory.

In their inaugural essay of the design science department of the Journal of
Operations Management, van Aken et.al. (2016, p. 3) state that; “the core prod-
uct of DSR is the well-tested, well-understood and well-documented innovative
generic design that has been field tested to establish pragmatic validity”. Van
Aken et.al (2016) see testing as a prerequisite for understanding the mecha-
nisms producing the outcomes sought through the design, and documenting as
the prerequisite for communicating design-knowledge, relevant to practition-
ers. Proponing the CIMO-logic (Denyer et al., 2008), they continue by stating
that “the generic design is supported by a design proposition, producing insight
on where and how the generic design is to be used in the field” (van Aken et al.,
2016, p. 3).

2.2.2 Design propositions

Testable propositions figure in some form throughout the methodological dis-
cussion surrounding design science, albeit with different labels and different
formulations. The first, and perhaps most general expression is means-ends
propositions (Holmström et al., 2009), derived from the work of Simon (Simon,
1996). From a pragmatic point of view, means-ends propositions would convey
the “appropriate means to reach designated ends” (Simon, 2000, p. 72), and
thus, as such leaves much to be clarified by the thick description. In their work,
Holmström et.al. (2009), elaborate the form of means-ends proposition during
different phases of design research, moving from (1) exploration of viable
means-ends combinations, to (2) documenting successful means-ends to prop-
ositions, to (3) testing for means-ends proposition (between context) transfera-
bility to (4) theoretical formalization of means-ends. Holmström et.al. (2009)
do not discuss the formulation of means-ends propositions in detail, but argue
that “understanding how means-ends propositions develop across the four
phases of research holds the key to linking exploratory and explanatory re-
search” (Holmström et al., 2009, p. 77).

The second term frequently used is technological rules (Gregor & Hevner,
2013; van Aken, 2004, 2005; van Aken et al., 2016), based on the work of Bunge
(1967), defined by van Aken as “a chunk of general knowledge, linking an inter-
vention or artefact with a desired outcome or performance in a certain field of
application” (van Aken, 2004, p. 228). Van Aken (2004, p. 228) continues by
specifying that general in the above definition means that the rule is a “general
prescription for a class of problems”, making it applicable beyond a specific set-
ting, but limited to a “certain field of application”. Pandza & Thorpe (2010) crit-
icize the use of technological rules in management research on the grounds that
they would imply determinism, which is not feasible for designs (with emergent
properties) introduced in social systems. This implication is however (in my
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view) addressed by van Aken (2004), as he specifies that technological rules in
management tend to be of heuristic nature. Further, van Aken (2004) calls for
field-testing and grounding of technological rules, which translates to unearth-
ing the generative mechanisms, leading to more elaborate rules (van Aken,
2005). Apart from being field-tested, implicit in the definition above, van Aken
(2005, p. 29) also notes that in order for a technological rule to be considered a
design proposition (1) the dependent variable has to describe something of value
to the organization, (2) the independent variable must describe something that
can be changed.

The quest for generative mechanisms (van Aken, 2004) led to the third ex-
pression of design propositions, constructed according to the CIMO-logic
(Denyer et al., 2008; van Aken et al., 2016), with its roots in social policy (real-
istic) evaluation (Pawson & Tilley, 1997). The CIMO-logic is expressed as
(Denyer et al., 2008, pp. 395–396); “in this class of problematic Contexts, use
this Intervention type to invoke these generative Mechanism(s), to deliver these
Outcomes(s)”. Although the logic does not dictate the form of the design prop-
osition (Denyer et al., 2008), it results in formulating design propositions which
“contain information on what to do, in which situations, to produce what effect
and offer some understanding of why this happens” (Denyer et al., 2008, p.
396). Denyer et.al. (2008) argue that this type of logical structuring also enables
a realist synthesis (Denyer & Tranfield, 2006) of research in fragmented fields
where the applicability of results may be ambiguous.

The fourth expression of design propositions is design patterns (eg. Gregor &
Jones, 2007; Holmström et al., 2009), originating from influential pioneering
work in architecture (Alexander et al., 1977). Design patterns can be expressed
as documentations (Holmström et al., 2009) of demonstrated solutions to re-
curring problems (Dong, Zhao, & Peng, 2009). The recurring nature of the prob-
lem here means that the problem is present in a range of contexts rather than
being a within-context persistent problem. For these problems, design patterns
offer generative solutions (Alexander, 1999), which is essentially the generaliza-
ble expert (means-ends) knowledge on top of which the in-context designer is
able to build his or her (context-customized) solution. Apart from being gener-
ative, Alexander (1999) specified two additional essential features of design pat-
terns (as an expression of pattern language). First, they have a moral component
– which in the case of architecture is the creation of a living artificial environ-
ment. Second, they have the aim of creating morphological coherence – they
should be formulated in a way that results in similar (but context-adapted) de-
signs. The counterparts for these can be found in Denyer et.al. (2008, p. 394)
who state that “the mission of a design science is a quest for improving the hu-
man condition”4, and in Gregor & Jones (2007, p. 327; citing Walls et al., 1992)
“there is a need to verify whether or not the design method results in an artifact
that is consistent with the meta-design”.

4 I note however, that the lack of a shared moral component has also been discussed as a weakness of
management research (Romme et al., 2015)
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Figure 3 - Design propositions in different stages of design maturity

In summary, the different ways of formulating design propositions emphasize
different aspects of the truth claim. These differences can be viewed through the
CIMO-logic as follows: First, truth claims have a varying degree of context spec-
ificity, ranging from means-ends propositions, which can be practically devoid
of context. At the other end of the spectrum, the CIMO-logic practically forces
an explication of context. Second, truth claims have a varying degree of inter-
vention specificity, ranging from a very explicit notion of intervention proponed
by the CIMO-logic, to the heuristic nature of technological rules where the in-
tervention is discussed in terms of “perform something like action X” (van Aken,
2004, p. 23). Another perspective is offered by design patterns, which defines
the intervention through the smallest common denominator of demonstrated
solutions to a recurring problem. Third, explicit inclusion of the mechanism in
the truth claim is specific to design propositions constructed according to the
CIMO-logic. However, as the distinction between context and mechanism
(mechanisms are essentially embedded in context) is somewhat vague, it could
be argued that the mechanism is (or at least can be) implicitly suggested through
the way the context is framed. Fourth, truth claims communicate a varying de-
gree of confidence in outcomes, ranging from fairly deterministic expressions,
to treating intended and unintended outcomes (Orlikowski & Gash, 1994) as
equally important and interesting (cf. van Aken, 2005).

2.2.3 Knowledge creation in the design process

“Design science is inherently a problem solving process“ (Hevner et al., 2004,
p. 82), which in itself needs to be explained and improved (Simon, 1996). De-
spite degradation to an issue of “additional interest” in the inaugural essay of
the design science department of the Journal of Operations Management (van
Aken et al., 2016, p. 7), prior work emphasizes the importance of the process
leading to a design artefact (Gregor & Hevner, 2013; Holmström et al., 2009).
Considering this, the scarcity of prior work on the design process itself is sur-
prising, apart from a seeming agreement that it is iterative (Hevner et al., 2004;
Holmström et al., 2009; Peffers et al., 2007; Simon, 1996) and largely tacit (van
Aken, 2004) or inexplicable (March & Smith, 1995). In organization studies, the
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design process is also characterized as inherently collaborative (Jelinek et al.,
2008; Romme, 2003; van Aken, 2004).

In the field of IS, the process of design science research has received explicit
attention from a number of scholars (cf. Österle et al., 2011; Peffers et al., 2007).
Building on prior methodological work, Peffers et.al. (2007) present a nominal
process for conducting DS research, which has gained traction both within and
outside the field of IS. Aside of presenting a six step iterative DSR process of; (1)
identify problem & motivate, (2) define objectives of a solution, (3) design &
development, (4) demonstration, (5) evaluation and (6) communication, Peffers
et.al. (2007) also highlight four different entry points of DS research. In con-
trast, the field of management has been preoccupied with positioning DS in re-
lation to the established scientific praxis, manifested in work that seeks to relate
DS to the process of knowledge creation (Holmström et al., 2009; van Aken,
2004), rather than explicating DS as a de facto “how-to” process for creating
knowledge. This is arguably a reflection of design science seeking to justify its
existence as a valid research approach in the field, followed by gradual success
(cf. Jelinek et al., 2008; van Aken et al., 2016). In Figure 4, below, the discussed
DSR process views are reflected against design maturity (Figure 1).

So, what knowledge is created during these processes? Gregor & Hevner
(2013, p. 344) note that “A DSR project has the potential to make different types
and levels of research contributions depending on its starting points in terms of
problem maturity and solution maturity”. In developing their claim, they pre-
sent a 2x2 where solution maturity and application domain (problem) maturity
ranges from low to high, positing that there is a “research opportunity and
knowledge contribution” (Gregor & Hevner, 2013, fig. 3) in all but routine de-
sign, where both are high. Further, they distinguish between descriptive and
prescriptive knowledge, but conclude that the remaining three quadrants may
all potentially produce both. While Gregor & Hevner list the “Situated imple-
mentation of artifacts” and “operational principles/architecture” as (less ma-
ture) knowledge contributions (Gregor & Hevner, 2013, p. 342), both
Holmström et.al. (2009) and van Aken (2004) clearly emphasize more mature
knowledge ((novel) operational principles/architecture, mid-range or formal
theory) as the principal knowledge product of design science. However, the pro-
cesses discussed here all depict knowledge as something, which is the result of
the process, rather than something that is shaped during the process – seeing
design through maturity allows examining the latter perspective.
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Figure 4 - Design maturity related to design processes (Holmström et al., 2009; Peffers et al.,
2007; van Aken, 2004). Red text partially represents my interpretation of the source
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2.3 Contemporary design science research in OM

The footprint5 of DS in OM is still relatively small when compared for example
to the field of IS, where it is safe to say that DS has established itself (Figure 5).
Further analysis reveals that despite the limited footprint, DS in OM has rapidly
made its way to the top tier journals in the field (Figure 6 and Figure 7), arguably
aided by the establishment of the DS department at Journal of Operations Man-
agement (van Aken et al., 2016). In order to analyze the nascent body of OM DS
literature, a slightly broader search6 (than the footprint search) was conducted,
including the term “design theory” – as article 3 from this dissertation was miss-
ing in the footprint sample. The search, which focused on AJG OPS&TECH jour-
nals, resulted in an initial sample of 59 DS articles in the field of OM.

Figure 5 - Published design science articles per field7 2000 - 2018

The resulting sample underwent initial screening based on references to DS
methodological work8, which reduced the sample to 39 articles9. Next, the title
and the abstract of the remaining 39 articles was evaluated, leading to the ex-
clusion of two further articles. Inspecting the remaining 37 articles revealed that

5 The footprint was analyzed using the Scopus database (https://www.scopus.com), using the search term
“TITLE-ABS-KEY ( "design science" )” which yielded a total of 3060 results, most of which were in the
subject area of computer science. The articles were further classified based on the Chartered Association
of Business Schools (https://charteredabs.org/) journal ranking field classifications, where the field of OM
was represented by the category AJG OPS&TECH.
6 TITLE-ABS-KEY ( "design science"  OR  "design theory" )  AND  ( LIMIT-TO ( SUBJAREA ,  "BUSI" )  OR  LIMIT-TO ( SUB-
JAREA ,  "DECI" ) )  AND  ( LIMIT-TO ( EXACTSRCTITLE ,  "Business Process Management Journal" )  OR  LIMIT-TO ( EX-
ACTSRCTITLE ,  "International Journal Of Operations And Production Management" )  OR  LIMIT-TO ( EXACTSRCTITLE ,  "In-
ternational Journal Of Production Economics" )  OR  LIMIT-TO ( EXACTSRCTITLE ,  "International Journal Of Production Re-
search" )  OR  LIMIT-TO ( EXACTSRCTITLE ,  "International Journal Of Logistics Management" )  OR  LIMIT-TO ( EXACTSRC-
TITLE ,  "International Journal Of Productivity And Performance Management" )  OR  LIMIT-TO ( EXACTSRCTITLE ,  "Computers
In Industry" )  OR  LIMIT-TO ( EXACTSRCTITLE ,  "IEEE Transactions On Engineering Management" )  OR  LIMIT-TO ( EX-
ACTSRCTITLE ,  "International Journal Of Project Management" )  OR  LIMIT-TO ( EXACTSRCTITLE ,  "Journal Of Operations
Management" )  OR  LIMIT-TO ( EXACTSRCTITLE ,  "International Journal Of Physical Distribution And Logistics Manage-
ment" )  OR  LIMIT-TO ( EXACTSRCTITLE ,  "International Journal Of Technology Management" )  OR  LIMIT-TO ( EXACTSRC-
TITLE ,  "Journal Of Business Logistics" ) )
7 Based on AJG classifications: ”Management & organization science” = AJG ORG STUD + AJG ETH-
ICS-CSR-MAN + AJG INNOV + AJG OR&MANSCI, “Information systems science” = AJG INFO
MAN and “Operations & technology management” = AJG OPS&TECH.
8 In practice, this entailed an automated search for the words “Aken”, “Simon”, “Romme”, “Holmström”,
“Peffers”, “Gregor”, “Hevner” and “March” in each article’s list of references.
9 A number of full texts of the excluded articles were randomly checked to verify the exclusion approach.
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47% of the articles in the sample were published in Business Process Manage-
ment Journal (BPMJ). Based on an initial full text evaluation of the 15 BPMJ
articles, I decided to exclude them from the sample on the basis that they were
clearly building on the IS DS tradition, and presenting IS artifacts. The footprint
analysis was also corrected based on this decision.

Figure 6 - Design science research outlets in OM (excluding BPMJ)

This left a sample of 26 articles, which were subjected to full text evaluation.
Of these 26, a further 9 articles were excluded from the analysis, based on the
full text evaluation. One criteria for exclusion was that they did not seem to con-
tain a design (Ahlemann, El Arbi, Kaiser, & Heck, 2013; Jonsson & Holmström,
2016; Maniak & Midler, 2014; van Aken et al., 2016). Another criteria was that
I perceived them to build on the IS DS tradition (Ebner, Mueller, Urbach,
Riempp, & Krcmar, 2016; Hofmann & Rutschmann, 2018; Jain, Shao, & Shin,
2017) or DS in organization science (Maier, Moultrie, & Clarkson, 2012). A final
criteria of exclusion was that the article did not have a pragmatic objective,
which led to ruling out designs which were consolidating prior research, seem-
ingly intended for an academic audience (Kauremaa & Tanskanen, 2016;
Maniak & Midler, 2014). This led to a final sample of 17 DS articles in OM.

The designs in these articles are related to various areas within OM, with a
clear emphasis on logistics (11 articles). Within logistics DS has predominantly
been applied with the purpose of (aiding) introduction of new technology
(Hinkka, Häkkinen, Holmström, & Främling, 2015; Holmström, Främling, &
Ala-Risku, 2010; Kjellsdotter Ivert & Jonsson, 2014; Moon & Ngai, 2010). Fur-
ther, DS in logistics has aimed at facilitating information sharing (Kaipia,
Holmström, Småros, & Rajala, 2017), identifying business models (Soinio,
Tanskanen, & Finne, 2012) and coping with (sustainability) risk (Busse,
Schleper, Weilenmann, & Wagner, 2017; Reinerth, Busse, & Wagner, 2018).
Also, in construction project logistics, DS (including article 3) has been used to
introduce corporate-level Vendor-managed-Inventory (VMI) (Tanskanen,
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Holmström, Elfving, & Talvitie, 2009; Tanskanen, Holmström, & Öhman,
2015).

Other work concentrating on project management environments include the
Human Resource Management (HRM) framework presented by Pournader
et.al. (2015). Another distinguishable class of designs are designs related to per-
formance measurement and management (Abaunza, Hameri, & Niemi, 2018;
Jääskeläinen & Roitto, 2015; Öhman, Finne, & Holmström, 2015). While Jä-
äskeläinen & Roitto (2015) present a generic design for evaluating performance
management maturity in organizations, the other two articles (including article
1) present new context-bound methods for performance management, which
are tested based on empirical operational data (Abaunza et al., 2018; Öhman et
al., 2015). More recent DS contributions in OM venture into the contexts of
healthcare (Groop et al., 2017) and education (Finne, 2018), combining OM
knowledge (capacity management and service system design respectively) with
domain knowledge in solving their respective problems.

Figure 7 - Published Design Science articles in OM (excluding BPMJ, from 2008)

The actual designs put forth in these articles take a wide range of shapes and
forms, including measures (Abaunza et al., 2018; Öhman et al., 2015), typolo-
gies (Hinkka et al., 2015; Soinio et al., 2012), models or frameworks
(Jääskeläinen & Roitto, 2015; Kjellsdotter Ivert & Jonsson, 2014; Moon & Ngai,
2010; Pournader et al., 2015; Reinerth et al., 2018), physical designs
(Tanskanen et al., 2009, 2015), processes or approaches (Busse et al., 2017;
Finne, 2018; Kaipia et al., 2017) and sets of propositions and principles (Groop
et al., 2017; Meyer, Buijs, Szirbik, & Wortmann, 2014). An interesting exception
in this sense is the article of Holmström et.al. (2010) where a technology-ena-
bled design – tracking – is put at center stage, and its use and potential in dif-
ferent contexts is elaborated based on empirical data. In summary, the different
aspects of design discussed in the previous section were in some form present
in all articles, and with all designs – however, in light of the heterogeneity of
designs in the derived literature sample, deducing meaningful categories or
characteristics of OM designs would seem premature at this point.

Based on the review, it was apparent that a majority of DS research in OM is
problem-driven, with just four articles (out of 17) being identified as opportunity
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driven DS (Holmström et al., 2010; Kjellsdotter Ivert & Jonsson, 2014; Öhman
et al., 2015; Soinio et al., 2012). The distinction between problem and solution
did however, not always, nor unambiguously reveal which came first.  In the
reviewed articles, DS was generally referred to as an approach, with only a
handful of articles referring to it as a methodology. Further, many of the re-
viewed articles had significant duality in their methodology-sections, often ar-
guing for their methodological choices based on inductive or abductive case
study methodology literature, adding that the research employed a DS ap-
proach. This could arguably be a reflection of lacking methodological legitimacy,
and/or field specific traditions. These considerations serve as a natural bridge
to the next section of this dissertation, where I discuss research design and
methodology.
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3. Research design

“Scientific theories are universal statements. Like all linguistic representa-
tions, they are systems of signs or symbols. Theories are nets cast to catch
what we call ‘the world’; to rationalize, to explain and to master it. We en-

deavor to make the mesh even finer and finer.”
(Popper, 1980, p. 59)

As briefly touched upon in the introduction, there is an epistemological tension
in the field of management (Ketokivi & Choi, 2014; Martela, 2015) between pos-
itivism and realism, with the positivist view traditionally (seen as) enjoying
greater scientific legitimacy (Scudder & Hill, 1998). Whereas positivism is an-
chored in a realist ontology, where the world exists independent of the observer,
its counterpart, interpretivism is anchored in a constructivist ontology, which
asserts that reality is constructed by its observer. As scientists share a desire to
understand (i.e. create knowledge about) the world, different epistemological
views translate to different views on what knowledge is valid (Bryman & Bell,
2011) – and consequently how this knowledge can and should be researched. A
common distinction between the two views is that positivism deduces truth
from statistically significant conclusions drawn from quantitative data, whereas
interpretivism induces truth from congruent views emerging from qualitative
data.

Design science (DS) can be based on the epistemological orientation of prag-
matism (Romme, 2003), which to some extent overcomes ontological dichoto-
mies through emphasizing the value of knowledge. That is, “design research de-
velops knowledge in the service of action” (Romme, 2003, p. 562), with the con-
tention that whether knowledge is in fact knowledge, is determined by how use-
ful it is (Wicks & Freeman, 1998). Through this, pragmatism imposes a prescrip-
tive, normative mission on the creation of knowledge, guided by scientific ethics
(Wicks & Freeman, 1998), rather than ontological considerations. Pragmatism
has been criticized for defining the value or usefulness of knowledge “only spe-
cifically and in context” (Easton, 2010, p. 119). Yet, I contend that in a pragma-
tist orientation, the scientific ethic defines usefulness, driving discoveries which
are useful beyond the context of research – “helping people to better cope with
the world” (Wicks & Freeman, 1998, p. 129). The pragmatic positioning of DS
has been discussed both as establishing the epistemological common ground
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“on which science and humanities can meet” (Romme, 2003, p. 560) as an “el-
egant” escape from the paradigm debate in management (Pandza & Thorpe,
2010, p. 172).

Despite being described as perpendicular to the positivist versus interpretivist
(anti-positivist in Wicks & Freeman(1998)) divide, the methodological discus-
sion on DS (Holmström et al., 2009; van Aken, 2004) has persistently sought to
relate itself to the divide, especially in terms of ontology. An illustrative example
of this can be found in van Aken (2004, p. 240), where he positions his view as;
“I follow realism’s contention that there exists a real (material) world, independ-
ent from observers and their knowledge”. He then continues by stating that “we
can develop knowledge of that real world through our senses, even though sen-
sory experiences are concept-laden and are therefore no objective images of the
external world“ (van Aken, 2004, p. 240). This arguably reflects a pragmatic
epistemology based on a realist ontology (Martela, 2015), to which knowledge
may be expressed as universal statements, but will always take the form of
value-laden (Wicks & Freeman, 1998) linguistic representations (Popper,
1980).

Critical realism shares many of the properties discussed here as those of prag-
matism, yet there is a distinct difference which makes me adhere to the latter.
Martela (2015) contends that pragmatism does not work “towards theories that
better correspond to some underlying reality, but rather into theories that allow
human beings to have more control over the outcomes of their lives”. This dis-
tinguishes pragmatism from critical realism through positing that explanations
of how and why the world works as it does are essentially complementary, and
respectively, competing (Martela, 2015). The relative liberty offered by the two
epistemological positions in terms of “acceptable” methods and evidence, war-
ranted a fairly inductive research approach in the articles that comprise this dis-
sertation. This meant that potential ways of attaining knowledge were evaluated
in terms of what was perceived as useful (Wicks & Freeman, 1998), which meant
that both what evidence was gathered, and how it was gathered/analyzed
evolved during the research process. The “eventual” data collection and analysis
methods are summarized in Table 1. In the following sub-sections, I will elabo-
rate on research approaches, collected evidence and analysis methods, focusing
on how methodological guidelines were reflected in my research, and what
problems arose. I will return to parts of these methodological discussions in the
Findings-section, when I discuss research design from the perspective of design
maturity.



Research design

29

Table 1 – Methodological approach, evidence and analysis in the research articles

Article 1 Article 2 Article 3 Article 4

Design Adaptive Pre-
ventive

Maintenance

Scheduling
front-log

On-site shop Condition Based Maintenance

Research
context

 Maintenance
service (ma-
chinery)

 In-house
Maintenance
(aviation)

 Project com-
pany (con-
struction)

 Maintenance
service (ma-
chinery)

 In-house
Maintenance
(aviation)

 Maintenance
service (ma-
chinima, ma-
rine)

 In-house
Maintenance
(aviation, rail
logistics)

 Asset man-
agement (In-
frastructure)

Research
approach

Single case
study (with

embedded unit
of analysis)

Single case
study (with

embedded unit
of analysis)

Single case
study (with

embedded unit
of analysis)

Longitudinal
polar case

study

Multiple case
study

Unit of
analysis

3 pools of
equipment

served by the
company in

different coun-
tries

5 fleets of air-
craft served by
the organiza-

tion

14 stakehold-
ers interacting
with the design
(8 construction
projects, 4 sup-

pliers and 2
developers)

2 companies
implementing

the design

5 companies
who had im-
plemented or
were imple-
menting the

design

Collected
evidence

 3 semi-struc-
tured inter-
views (1,5-
2h)

 3 workshops
(1,5-3,5h)

 Field obser-
vation (3,5h)

 Operational
database ex-
tracts

 Operational
documenta-
tion

 5 semi-struc-
tured inter-
views (1-2h)

 Operational
database ex-
tracts

 Operational
documenta-
tion

 55 semi-
structured
interviews
(0,25-1h)

 Operational
database ex-
tracts

 Field obser-
vation

 Operational
documenta-
tion

 33 semi-
structured
interviews
(0,5-3,5h)

 Field obser-
vation
(36,5h)

 Operational
database ex-
tracts

 Operational
documenta-
tion

 7 semi-struc-
tured inter-
views (a total
of 12 inform-
ants, lasting
1,5-2,5h)

Main
analysis
method

 Quantitative
analysis (Ex-
cel)

 Driven by ex-
ploration

 Simulation
(Python)

 Driven by hy-
pothesis

 Qualitative
content anal-
ysis

 Driven by ex-
ploration

 Qualitative
content anal-
ysis

 Driven by ex-
ploration

 Qualitative
content anal-
ysis

 Driven by hy-
pothesis/ ex-
ploration

3.1 Case studies as context-bound inquiries

In this section, I discuss methodological aspects of the different case study ap-
proaches used in the appended articles, preceded by a brief general introduction
to the methodology. Case studies have gained significant traction in organiza-
tion and management research in the last three decades (Ketokivi & Choi, 2014),
accompanied by a lively methodological discussion (cf. Barratt, Choi, & Li, 2011;
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Eisenhardt, 1989; McCutcheon & Meredith, 1993; Siggelkow, 2007; Stuart,
McCutcheon, Handfield, McLachlin, & Samson, 2002; Voss, Tsikriktsis, &
Frohlich, 2002). However, despite established how-to handbooks (e.g. Yin,
2009), case-based research still displays significant methodological diversity
(Ketokivi & Choi, 2014). Yin (2009, p. 18) defines case study as an empirical
inquiry that “investigates a contemporary phenomenon in depth and within its
real-life context, especially when the boundaries between phenomenon and
context are not clearly evident”. The flexibility conveyed by this definition, has
arguably led to the predominance of inductive case studies in OM, along with
growing concerns for research rigor (Barratt et al., 2011).

Acknowledging these concerns, Ketokivi & Choi (2014) argue that rigor should
not be sought in terms of a normative research process (which would negate
inherent strength of the approach), but rather through process transparency.
With “acceptable” scientific process (and evidence) being a matter of inquiry-
specific justification, the essence of case studies thus boil down to being “situa-
tionally grounded”, while seeking “a sense of generality” (Ketokivi & Choi, 2014,
p. 234). As designs are per definition situationally grounded, and the objective
of design science is seeking a sense of generality (Holmström et al., 2009), it is
perhaps not surprising that design studies are often discussed in terms of cases
– sometimes even case studies (without implying that one label would exclude
the other). In DS methodological discussions, references to case study research
are more subtle, with the exception of van Aken (2004, 2005) arguing for cross-
case analysis methods in research on design transferability. Holmström et.al.
(2009) also acknowledge similarities between their substantive theory-building
phase, and inductive multiple case study research, with the distinction that in
DS the research design can be quasi-experimental, with the researcher partici-
pating in the introduction of the design to new contexts.

3.1.1 Applied case study approaches

In my research, I have used the term case study mainly in the meaning of situa-
tionally grounded research, relatively free from normative prescriptions related
to research process or types of evidence – mainly guided by an ethos of pragma-
tism in this sense. During the course of the dissertation research, I have con-
ducted research arguably falling under different categories of case research. In
this section, I will briefly elaborate on the different research designs, relying on
case rhetoric, with an emphasis on the relationship between chosen method and
“situational groundedness” of the design.

Single case studies
From a theoretical (deductive) point of view, single case studies are justifiable
when the case reflects theory to the extent that the single case can confirm, chal-
lenge or extend the theory (Yin, 2009). From an empirical (inductive or abduc-
tive) point of view, single case studies are justifiable when the case represents
an opportunity to study something unique or previously inaccessible (Yin,
2009). Whether theoretically or empirically motivated, the scientific impact of
the single case is based on it serving as a powerful example (Siggelkow, 2007)
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of “interaction between a phenomenon and its context” (Dubois & Gadde,
2002a, p. 554).

Articles 1, 2 and 3 all rely on single case studies, necessitated by the relatively
low maturity of the design. Reflected against Yin (2009), the studies are moti-
vated from an empirical point of view by the uniqueness of the design (it does
not exist elsewhere) and its previous inaccessibility (it did not exist prior to the
research). The case, as (implicitly or explicitly) defined in the articles, is the eco-
nomic organization within its industry context – reflecting a typical delimitation
in (operations) management research.

Within this case definition, the objective was to gain a rich understanding of
the operational context of and within the firm (Barratt et al., 2011), in order to
understand and anticipate design behavior. Despite possible ambiguity in the
interface between design and (firm) context (which was tangible especially in
the research leading to article 3), the unit of analysis in design science is always
the design. In all research articles, heterogeneity in firm operations was re-
flected by heterogeneous (operational) design structure and/or behavior, which
justifies framing these design studies as embedded single-case studies.

Embedded case studies
Yin (2009) argues that the advantage of an embedded case research design is
that it prevents drifting of the research (which is one of the common criticism
of case studies), through focusing the case study inquiry. On the other hand,
embedded case studies run into problems if the research “focuses only on the
subunit level and fails to return to the larger unit of analysis” (Yin, 2009, p. 52).
The latter argument is essentially saying that if findings and conclusions are
solely related to the embedded unit of analysis, the distinction between case and
context would seem arbitrary – leading to a situation where “the original phe-
nomenon of interest has become the context and not the target of study” (Yin,
2009, p. 52).

In operations management research this question is peculiar in the sense that
operations is embedded in the economic organization (firm), which in turn is
embedded in industry (market), both of which tend to have implications for op-
erations management. While both provide context to the design, they differ in
the important sense that from an experimental point-of-view the former is eas-
ier to manipulate than the latter. In other words, a firm may accommodate a
change required by a design, but an industry cannot be expected to do so.

In the research leading to article 1, the developed design was tested on three
distinct equipment populations, which were further analyzed on sub-compo-
nent (9) level, with different usage- (3) and environmental (3) characteristics,
implying that the design was tested on 243 different populations within the set-
ting provided by the case company. In the research leading to article 2, the de-
veloped design was tested on an operational level, but evaluated for five differ-
ent fleets of aircraft with different operational characteristics.

Finally, at the time of the research leading to article 3, the design was em-
ployed in 26 ongoing construction projects, of which 8 were included in the
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study, further, as the perception of the design (Orlikowski & Gash, 1994) was
focal in the research, also four different roles related to, or perspectives on the
design were studied. While the relative independence of the projects in article 3
could have warranted a multiple case study label for the research, the (generic)
design was introduced on a company level. Further, the studied roles could not
all be explicitly related to projects. This being said, article 4 arguably employed
a multiple case study design.

 Multiple case studies
Single case studies can be, and are, often criticized on the grounds that general-
izable statements (contributions to formal theory) cannot be drawn from single
contexts. Multiple case studies face milder criticism in this respect, which adds
to their appeal (Yin, 2009). Since the seminal article by Eisenhardt (1989), mul-
tiple case studies have gained traction in management (and by extension oper-
ations management), as a viable research approach for theory building.

In later work, Eisenhardt & Grabner (2007, p. 27) contrast multiple case ver-
sus single case studies, positing that multiple case research “typically yields
more robust, generalizable, and testable theory.  However, as pointed out by Yin
(2009), apart from being resource consuming, multiple case studies cannot
readily rely on the same justifications as single case studies. Further, in terms
of reporting research, let alone conveying the rich context, multiple case re-
search presents a challenge (Barratt et al., 2011).

A key issue in multiple case research is sampling, with authors stressing that
sampling should be done on a theoretical basis (Eisenhardt, 1989; Yin, 2009),
rather than assuming that “cases should be representative of some population”
(Eisenhardt & Graebner, 2007, p. 27). In contrast to this Eisenhardt (1989, p.
545) states that “there is no ideal number of case”, but continues by suggesting
that 4-10 cases “usually works well” – which has, given the impact of the article,
perhaps drawn reviewers attentions away from the “theoreticalness” of sam-
pling.

Voss et.al (2002) advocate a less is more approach in this sense, as they note
that ”the fewer the case studies, the greater the opportunity for depth of obser-
vation”. Indeed, an important basis for theoretical sampling may involve finding
just two cases – which are polar opposites (Eisenhardt, 1989; Eisenhardt &
Graebner, 2007), termed a “two-tail” research design by Yin (2009, p. 59). The
research leading to article 4 employed a multiple case design, with two initial
longitudinal case studies (cf. Leonard-Barton, 1990) in very different (arguably
polar) contexts. These cases in turn enabled theoretical sampling for the even-
tual multiple case study, in which the original cases were also included.

3.1.2 Applied approaches for studying the long-term

One of the strengths of case studies, which distinguishes them from historical
studies, is that they study contemporary phenomena (Yin, 2009). So how do you
study phenomena that “happen over time”? This question is relevant in OM DS
research especially as short-term success does not guarantee long-term success
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of OM interventions (Done, Voss, & Rytter, 2011). During the course of the dis-
sertation research, I have used both longitudinal case study and empirically
grounded simulation, in order to understand how the perception of a design
evolves, and how the outcome of a design is materialized over time.

Longitudinal case study
Determining the relationship between cause and effect based on retrospective
accounts of events has been associated with several potential problems (Voss et
al., 2002). Although informants are relatively good at remembering key events,
this is contingent on the realizing the importance of the event at the time of oc-
currence (Leonard-Barton, 1990). Further, Voss et.al. (2002) highlight the risk
of post-rationalization, where information gained after an event affects the in-
terpretation of the event. These risks can be mitigated though conducting a lon-
gitudinal case study, where the same case is revisited at two or more different
points in time (Yin, 2009). Both polar cases, which were part of the research
leading to article 4, were longitudinal – providing valuable insight into how the
perception of the design evolved over time, consequently affecting design
choices.

Empirically grounded simulation
“Because organizations are complex systems and many of their characteristics
and behaviors are often inaccessible to researchers, especially over time, simu-
lation can be a particularly useful research tool for management theorists”
(Harrison, Carroll, & Carley, 2007, p. 1243). Also Yin (2009) discusses “logic
models” for analyzing complex chains of events characterized by repeated
cause-effect-cause-effect patterns, which is arguably close to simulation model-
ling.

Successful simulation projects are driven by a good problem (and solution)
formulation (Law, 2003). Further, empirical grounding of a model provides a
foundation for evaluating problem relevance and solution impact. Both case
study- and action research methods provide rich information, which is crucial
in constructing a simulation model and its logic (Forrester, 1992). Conse-
quently, Romme (2003, p. 569) notes that simulation modelling holds potential
for DS, as it enables design scientists to “build and test models describing the
current and desired (states of the) system, which helps them to move outside
the mental boundaries of the current situation”.

In the research leading to article 2, a simulation model was built in order to
study the long-term effects of introducing the design into the studied context.
The outcome of deliberate introduction of over-maintenance was known to be
probabilistic – which called for an a priori evaluation of long-term effects of de-
sign implementation. For this purpose, over 2000 years of aircraft maintenance
operations, with different design parameters were simulated, concluding that
implementing the design would have a significant positive (average) effect.
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3.2 Collecting evidence on designs and context

In this section, I present methodological considerations of the main types of ev-
idence that comprise this thesis, preceded by the three principles which guided
the planning and collection process: saturation, snowballing10 and triangulation
(Eisenhardt, 1989; Yin, 2009). The first principle denotes open-ended sampling
in the sense, that additional evidence is collected (concurrently with analysis),
until the findings begin to repeat themselves, i.e. saturate. The second principle
denotes that evidence is allowed to spawn new relevant evidence (i.e. interview-
ees are asked to suggest who should be interviewed on the given subject). The
third principle denotes the use of multiple sources of evidence (on the same ob-
ject of research), which can produce valuable insight, especially when con-
trasting subjective evidence (such as interviews) against more objective evi-
dence (such as operational database extracts). Based on these principles, five
main types of evidence were collected for the articles that comprise this disser-
tation – semi-structured interviews, workshops, field observations, operational
database extracts and operational documentation – these are briefly presented
and discussed next.

Semi-structured interviews
To the extent that case studies are perceived as a qualitative research approach,
interviews are arguably the core evidence, which allows to “obtain both retro-
spective and real-time accounts by those people experiencing the phenomenon
[or design] of theoretical interest” (Gioia, Corley, & Hamilton, 2013, p. 19). By
labelling my interviews as semi-structured, I share Yin’s (2009, p. 106) view in
that interviews are “guided conversations rather than structured queries”. In
practice, this meant that although the interviews were conducted with pre-pre-
pared interview guides within an agreed time-slot, the questions were designed
so that, rather than probing facts, they invited the interviewee to share and dis-
cuss his/her viewpoint on the given subject11.

These viewpoints would then typically lead to more or less ad-hoc follow-up
questions probing seemingly interesting aspects of the given answer. While this
approach arguably led to rich and detailed evidence, it required undivided at-
tention from the interviewer, leaving little room for taking detailed notes. In
order for the interviewer to be able to focus on the answers and developing the
relevant follow-up questions, the vast majority of interviews were recorded,
with a few exceptions where the interviewee(s) did not wish to be recorded12.
The recorded interviews were then transcribed for analysis, to large part by an
external service provider.

In all research projects, the interviews were designed as to probe the inter-
viewees’ view of the business context, and in articles 3 and 4, a key part of the

10 Briefly touched upon by both Eisenhardt (1989) and Yin (2009) under different labels, for further meth-
odological insight on snowballing, refer to Biernacki & Waldorf (1981) and Noy (2008).
11 Avoiding formulation such as “how does A work?” and “why does A cause B?”, instead using “how do
you see that A works – or does it work?” and “do you think A causes B, and if so, why do you think it
does?”.
12 Two instances. In these situations, rough notes were taken during the interview, to be complemented
and elaborated as soon as possible after the interview.
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interview was aimed at probing the interviewee’s view of the design in question.
For article 1, the interviews were further intended to elaborate on the founda-
tions of the proposed solution, i.e. to understand what information the organi-
zation could leverage (and how it could do so) to solve a problem. For article 2,
the interviews were mainly conducted in order to understand how maintenance
scheduling was currently done in the company, with an emphasis on uncovering
undocumented heuristics. In article 3, the focus was on probing the perceptions
of the interviewees, not only of the design, but also of other stakeholders, and
their incentives, roles and responsibilities with respect to the design. Finally, in
the in-depth cases for article 4, the focus of the interviews was more broadly on
maintenance decision-making, in order to create a rich and detailed under-
standing of the specific context, which then guided the design of a focused (in-
terview-based) inquiry in the multiple-case study. In the research leading to ar-
ticles 3 & 4 interviews were partially conducted by two investigators.

Workshops
Falling somewhere between interviews and (participant-) observations, re-
searcher-facilitated workshops have been used as a source of evidence in some
OM research (cf. Erkoyuncu et al., 2013). Perhaps due to the relative scarcity of
research using workshops as evidence, there has been no explicit methodologi-
cal discussion or elaboration on the subject. On the other hand a researcher-
facilitated workshop could arguably be seen as a special case of a facilitated (cf.
Cooren et al., 2006) focus groups (cf. Smithson, 2000), where the researcher
and participants together explore a topic (or a problem/solution) as framed by
the researcher.

Researcher-facilitated workshops were used for two distinct purposes in this
dissertation. In the research leading to article 1, the conducted workshops pro-
duced vital evidence in understanding and exploring the (design-) opportunity
presented by installed-base information. On one hand, this entailed an interac-
tive exploration of the case-context, in search for potential opportunities; on the
other hand, it entailed the construction of a shared perception of the solution.
In the research leading to article 4, the workshop was used mainly for the pur-
pose of validation, where the researcher’s framing was presented to, and dis-
cussed by the case representatives (interviewees) from the different cases (con-
texts). In this case, the workshop also served as a forum for knowledge transfer
between contexts, as participants engaged in cross-context discussions on de-
sign specifics.

Field observations
Yin (2009) distinguishes between direct observation and participant-observa-
tion. In the former, the researcher maintains a passive role with respect to the
object of study, whereas in the latter the researcher assumes a role in the case
setting, interacting with the object of study – a compelling source of evidence
for action-oriented design scientists (cf. Sein et al., 2011). The observations con-
ducted for this dissertation were in a sense somewhere in between, as I did not
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actively participate in the activities that I observed, but did actively seek to en-
gage in informal discussions with the technicians and specialists performing the
activities.

In the research leading to article 1, I tagged along a service technician in order
to get a feel for the daily work of a field technician in the case context. In the
research leading to article 3, in connection to the construction-site interviews, I
requested access to the design on site, which provided valuable complementary
evidence in terms of accessibility, housekeeping and operation of the small-item
inventory. The most extensive set of observations were conducted in one of the
polar cases leading to article 4, where I tagged along maintenance crews work-
ing on the apron and observed decision-making in the maintenance control-
center. All of the observations were prepared through constructing detailed ob-
servation protocols, where the events and circumstances of interest were iden-
tified. For articles 1 and 4, the observation evidence was recorded in the field
during the observation, and written up (typically within 24 hours) after the ob-
servation. For article 3, the observation evidence was recorded as soon as pos-
sible after the observation (in practice this was always done the same day as the
observation).

Operational database extracts
Being a close equivalent to archival records (Yin, 2009, p. 102), operational da-
tabase extracts could be expected to be stable, unobtrusive, precise and usually
quantitative. As for being precise, Yin (2009, p. 106) notes that “an investigator
must be careful to ascertain the conditions under which [the archival record]
was produced as well as its accuracy” and continues by noting that the records
were not collected for the purpose of the case study, which needs to be appreci-
ated when building conclusions on them. In the operational database extracts
analyzed for this dissertation, accuracy was indeed an issue, requiring signifi-
cant “detective work” and interaction with case representatives, as to figure out
inconsistencies and seemingly strange deviations observed in the data, mainly
related to manually collected data (Rämänen, Mahlamäki, Borgman, &
Nieminen, 2013).

Operational database extracts were in some form or role used in all disserta-
tion articles, being the main source of evidence for articles 1 & 2. The contribu-
tion of article 1 is built on an analysis of service records (in the order of >100k
service events), which were recorded by field technicians during service deliv-
ery. Additionally the analysis required combining other operational and tech-
nical data with the service records. In the research leading to article 2, opera-
tional database extracts were used to initialize the simulation model, in creating
the traffic program, available aircraft and their maintenance programs. Further,
probability distributions for different events in the simulation were derived
based on service records, which were also used in model validation. In article 3
operational database extracts provided (complementary) evidence of inventory
related behavior, while in article 4 they provided evidence on service respon-
siveness and failure predictability.
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Operational documentation
Yin (2009, p. 103) argues that “for case studies, the most important use of doc-
uments is to corroborate and augment evidence from other sources”. This
largely corresponds to the role of operational documentation evidence in the
work comprising this dissertation. For all research projects, some form of doc-
umentation pertaining to operational processes, roles or structures were ob-
tained. This documentation typically provided (potentially very detailed) nor-
mative accounts of how things should be done, which provided a base to reflect
upon when collecting other evidence. In retrospect it stands clear that in all
cases, the documentation would have (as such) provided an insufficient (black-
and-white) account of what actually happened in the field.

3.3 Analyzing evidence on designs and context

In this section, I elaborate analysis of evidence as part of the abductive research
process in the articles that comprise this thesis. The role of theory in drawing
conclusions from evidence has been widely debated, with inductive and deduc-
tive reasoning occupying different ends of the spectrum, and abductive reason-
ing (Dubois & Gadde, 2002a; Mantere & Ketokivi, 2013) falling somewhere in
between. Inductive reasoning entails that theory is the product of the analysis
of the evidence, often embodied in researchers stating that they approached the
analysis “tabula rasa” (B. G. Glaser & Strauss, 1999), and that the conclusions
thus emerged from the evidence. Deductive reasoning derives a hypothesis from
extant theory, and the (often large-sample statistical) analysis is specifically de-
signed to prove or disprove the hypothesis.

These two extremes can be criticized, from the perspective of knowledge cre-
ation. The former on the premise that the researcher’s (presumably theory-in-
formed) mental models are bound to affect how the researcher make sense of
phenomena, implying that tabula rasa is de facto unattainable, and that any the-
ory “emerging” form data is a replication of these (presumably theory-informed)
mental models. The later on the premise that operationalizing theoretical con-
cepts implies bending reality to fit theory, at worst leading to detachment from
reality, causing circular reasoning and loss of prescriptive relevance13. An ab-
ductive reasoning approach resolves this dilemma through allowing and advo-
cating iterative analysis, which oscillates between theory and evidence, in a par-
allel search of possible interpretations14 (cf. Mantere & Ketokivi, 2013), some-
times through analogies (Ketokivi, Mantere, & Cornelissen, 2017).

While articles 1 & 2 mainly rely on quantitative analysis, and articles 3 & 4 on
qualitative analysis, the analysis process in all articles were arguably abductive.
For article 1 the analysis was initiated under the assumption that it would be
interesting to see how the failure rate developed after a service event. Once the
analysis had progressed to the stage, showing a relatively flat failure rate, the

13 With knowledge contributions that boil down to “doing things right leads to good performance”.
14 In a pragmatic view, the word “possible” would be substituted with “valuable”, in the sense that any
explanation that adds unique understanding, irrespective of its explanatory power relative to other expla-
nations, is per definition valuable.
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realization came that based on reliability theory, the service interval could then
be prolonged (at least to some extent) without affecting the failure rate. Once
the data was re-analyzed through the frame provided by the theory, the next
realization came, where the distinction between common- and special-cause
failures in reliability theory were directly relatable to statistical process control
(SPC). This realization gave rise to the final measurement and control approach
described in article 1.

The research for article 2 was guided by the hypothesis that deliberate intro-
duction of over-maintenance would be a (to some extent) cost-efficient way to
increase flexibility in the aircraft maintenance operations. This hypothesis
emerged from a suspicion that the empirical context, and by extension research
done in the context of aviation, was biased against over-maintaining as it was
perceived inherently costly. The analysis confirmed the hypothesis, and gave
rise to the (abductive) theoretical realization that over-maintenance could be
seen as a form of (service) inventory, pointing towards potentially interesting
avenues for further research.

Articles 3 & 4 were both mainly based on analysis of qualitative evidence, in
the form of transcribed interviews. As the research leading to article 3 explicitly
set out to explore the technological frames (Orlikowski & Gash, 1994) of differ-
ent design stakeholders, it did in a sense rely on a theoretical basis. The point
was however not to prove that perception of the design affects interaction with
it, but rather to understanding how it affects interaction. As the analysis pro-
gressed, different perspectives to this interaction arose (set-up process, commu-
nication, integration, collaboration, congruence), arguably associable with dif-
ferent theoretical traditions15 (cf. Ohno, 1988; Orlikowski & Gash, 1994;
Schonberger, 2008; Wu & Choi, 2005; Wu, Choi, & Rungtusanatham, 2010). In
the end, the contribution was argued as a novel design theory of adoption of
logistics innovation.

In article 4 the process was similar in the sense that early stage data analysis
was initiated with an information processing perspective (Galbraith, 1974), fo-
cusing on who made decisions, when, where and based on what information -
which awoke the interest in maintenance decisions based on equipment condi-
tion. About the same time the contingency perspective came in, which led to a
search of contextual cues in the evidence. Finally, in a late stage of the analysis,
prior conceptualizations of CBM were brought in to the analysis. The interplay
between theory and analysis is especially notable here, in the sense that I argue16

that if CBM “theory” would have been introduced at an earlier stage, it could
have led to a limited view (Eisenhardt, 1989) of the design, in turn leading to
myself overlooking some of the contextual nuances of implementations.

For both articles (3 & 4) the interviews were analyzed through tagging state-
ments in the interview transcripts that were deemed to reflect some part of the
empirical/theoretical framing. The extracted tags were then grouped in order to

15 Perhaps not surprisingly, the different perspectives are reflected in prior work of the researchers in-
volved.
16 Minding possible biases caused by the retrospective basis for this claim.
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form larger categories or concepts emerging from the data, which is a common
approach in deriving insight from qualitative evidence (cf. Gioia et al., 2013;
Miles & Huberman, 1994). In article 3, in order to avoid the introduction of sin-
gle investigator bias, the grouping of large categories were conducted as a col-
laborative exercise between two researchers. Otherwise, possible biases were
explored when discussing the results of the analysis (among co-authors and co-
investigators), in both analyses for articles 3 & 4.

During analysis, the trail of evidence was maintained (all the way to the rec-
orded interviews) in order to enable retrospective re-categorization and double-
checking in case of ambiguous tags. Further, the case study evidence was col-
lected in case study databases, along with the instruments used to obtain it in
an attempt to conform to guidelines (cf. Yin, 2009, p. 45) on securing the relia-
bility of findings. The validity of the conducted research (cf. Yin, 2009, pp. 40–
44) is based on extensive data triangulation (section 3.2), partial investigator
triangulation both in data collection (section 3.2) and analysis (including re-
views of results by key informants), and theoretical triangulation through it be-
ing inherent to abductive analysis.
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4. Findings

In this section, I present the findings of the appended research articles, with
respect to the research questions. I begin (section 4.1) by revisiting the view of
design maturity derived from previous research in section 2.1, reflecting it
against the empirical work that comprises this thesis. The main finding of re-
flection is that the early stages of design maturity are not necessarily as objective
and analytic as Simon (1996) argues. As I was the designer in the research lead-
ing to articles 1 & 2, the findings here also seek to convey an introspective ac-
count of how the early designs have matured. In section 4.2 I present the
knowledge contributions of the articles that comprise this dissertation, and re-
late them to design maturity. The main finding arising in this section is that
based on a pragmatic view of knowledge, all design stages have the potential to
create new (valuable) knowledge – however, the validity of that knowledge is
dependent on the nature of the design. The main finding here is that designs
with significant emergent properties need to be more mature in order to pro-
duce valid knowledge. Finally, in section 4.3, the findings presented in sections
4.1 and 4.2 are reflected against prior DS research in OM.

4.1 How designs mature

Building on the conceptualization of design maturity derived from prior re-
search (section 2.1.4), I develop a complementary view on maturity, based on
my empirical research. The main difference to the conceptualization derived
from the work of Simon (1996), is that search and build are not treated as dis-
tinct phases. The reason for this is that, in the empirical research, they are in-
tertwined to the extent that making a distinction between the two does not seem
meaningful. This is not to say that this kind of activities did not take place, but
rather that a process-like search for alternatives, followed by the evaluation of
their utility and ultimate selection of the best alternative, as discussed by Simon
(1996), could not be discerned. The challenge of distinguishing between search,
evaluation and selection in the research leading to articles 1 & 2 is likely to be at
least partly rooted in the immaterial nature of the designs. For the most part
however, the challenge reflects the inherent messiness (cf. Sarasvathy, 2003) of
pre-implementation design. This leads me to the conclusion that a conceptual-
ization of design maturity, at least from the perspective of knowledge creation,
should be viewed as transitions rather than activities. Further, the pragmatic
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knowledge-interest of DS focuses on what ought to be becoming what is in a
given context – making design implementation a pivotal point in design ma-
turity.

An implementation-centric view of design maturity, leads to a conceptualiza-
tion where search and build are design-activities, which happen pre-implemen-
tation. Pre-implementation is followed by implementation (in the original con-
text), during which testing (and re-design) are the prime design activities. Alt-
hough termed transfer, the design-activity of the next stage is better described
as adaptation, as the design is re-implemented in a non-original context, typi-
cally, at least in the case of OM, by a secondary designer. The final design activ-
ity, generalization, is where what ought to be is deduced from what is, denoting
a de-facto de-implementation of the design. Pre-implementation, implementa-
tion, re-implementation and de-implementation provide the structure for the
findings on design maturity, below.

Figure 8 – An implementation-centric conceptualization of design maturity

4.1.1 Pre-implementation

In pre-implementation, the designer is preoccupied with search and build activ-
ities, which shape the design in terms of structure, behavior and boundary. De-
pending on whether the design process is problem or opportunity-driven, the
search focuses on solution or context, respectively. Through framing and re-
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framing, the designer explores viable solutions or contexts, gradually resulting
in a conceptualization of the design. This process of conceptualization is one of
discovery, where the designer imposes meaning and attributes to the design. In
both articles 1 & 2, this process of conceptualization was central in knowledge
creation, with one framing providing the foundation for the consequent re-
framing. The recounts of the framing-process in the articles, below, also illus-
trate how designs mature during pre-implementation.

The research reported in article 1 was opportunity driven, starting from the
question of how installed base information (IBI) (Ala-Risku, 2009) could be lev-
eraged in service operations. The context search was in this case a search among
activities within service operations, which gradually, driven by exploration of
the available IBI, focused on service scheduling. A key insight emerged through
the conceptualization of the service event as “making the equipment younger”,
which allowed for the implications of the bathtub-curve (R. E. Glaser, 1980;
Klutke, Kiessler, & Wortman, 2003), from reliability theory, to be applied in
service scheduling. Further, with random failures being part of the bathtub-
curve conceptualization, it paved the way for the next insight, that SPC could
provide the foundation for a learning scheduling process.

While the research reported in article 2 was problem-driven, the framing / re-
framing process was similar. The research for this article started from an exist-
ing problem with an existing solution, i.e. the problem of workload fluctuation
in aircraft line-maintenance, to which the existing solution was resource flexi-
bility. In this research, the solution search was latent in the sense that the de-
signer, me, was aware of the problem (due to previous research in the context),
but had not focused on solving it, before deliberate introduction of over-mainte-
nance appeared as a potential complementary solution17 to resource flexibility.
The design was then conceptualized as an introduction of “buffer workload” in
what was (at the time) called a scheduling buffer. The use of the word buffer, led
to a perceived connection between the maturing design and coping with demand
fluctuation in product supply-chains, which ultimately led to a tentative re-
framing of the scheduling buffer as an inventory of time. Further, as the sched-
uling buffer was seen as an inverse backlog (i.e. work is carried out before de-
mand is imminent as opposed to after) the buffer was relabeled as a “frontlog”.
This is summarized in the following finding on how designs mature in pre-im-
plementation:

Pre-implemented designs mature through a process of framing and re-
framing by the designer

The maturing designs in articles 1 & 2 were not implemented during respective
research projects. Both designs were immaterial (cf. Tanskanen et al., 2009),
and neither of them led to any change in real systems18 (at that time). So what
is a pre-implementation design? I would describe my designs as testable (ideal)
representations of my ideas. These representations were built, refining the idea

17 Arguably blurring the distinction between problem- and opportunity-driven research.
18 There were however, indications of my designs affecting the thinking of the case company personnel
involved in the research projects.
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in the process, resulting in a complex spreadsheet (article 1) and a simulation
model (article 2). While being built, these representations were also (continu-
ously) calibrated and tested with real data from the intended contexts. Hence,
the design product of pre-implementation is an empirically grounded ideal de-
sign (described through ideal structure, -behavior and -borders), of which a test-
able representation can be built, producing an ideal outcome.

Examples of how the design matured during building of the design represen-
tation follows. In article 1, when building the SPC chart of the service outcome,
there was a need to define control- and warning-limits for the chart. In previous
applications of SPC, these limits are fixed, defined by the normal variation of a
continuous time process. However, as the design entailed measuring variation
in a relative time process (with process instances of different duration), it be-
came apparent that the limits needed to diverge, rather than being fixed. In ar-
ticle 2, the design was conceptually framed as a buffer of planned work that
could be postponed if needed. As the simulation model was built, however, it
became apparent that the framing did not answer how such a buffer should be
measured, or controlled, which would undoubtedly be an issue of interest to op-
erations managers. This is summarized in the following finding on how designs
mature in pre-implementation:

Pre-implemented designs mature in the process of being built, as context ex-
posure surfaces practical problems, which need to be solved

While the empirical grounding of ideal designs should reduce the risk for cir-
cular reasoning, the ideal nature of the design invites the following question: to
what extent can knowledge be extracted from designs that are not real? In re-
search articles 1 & 2, I build my contributions based on a reasonable assumption
of limited design emergence, which translates to the design outcome being in-
dependent of the user’s perception of the design. By extension, this implies that
the design is predominantly econo-technical, with minimal social components,
which by extension implies that a quantitative (testable) representation of the
design produces a plausible outcome. In both articles, the designs were arguably
changes in maintenance scheduling logic, which, once implemented, would be
embedded in respective (back-end) scheduling systems, making them invisible
to the user, whose behavior they were intended to affect.

4.1.2 Implementation

As the design is implemented, testing and re-design are the main activities. The
designer focuses on evaluating the outcome of the design and understanding the
behavior of the user. Where appropriate the designer then engages in re-design,
leading to further maturing of the design. In terms of framing, the user is now
the entity of interest, as his or her perception of, and interaction with the design
reveals a re-design opportunity related to emergent design behavior. In the re-
search leading to article 3, we found that some users viewed the design as a
“hardware store” (which was the intention), while some viewed it as an “emer-
gency inventory”. The latter view lead to consumption patterns which were not
beneficial from the perspective of the suppliers, forming a threat to the long-
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term viability of the design. This finding prompted a re-design in the form of
emphasizing the intended purpose of the design in the company instructions.

Design implementation also reveals systemic effects of the design, i.e. how the
design interacts with its economic, technological and social context. Here, a dif-
ference between ideal and real outcomes may prompt a re-design in design be-
havior, in order to change how the design interacts with its context, improving
systemic performance. Another possible approach for re-design entails chang-
ing the design border, effectively including a part of the context into the design,
as it is changed to accommodate the ideal design, in an attempt to improve sys-
temic performance. An example a systemic re-design opportunity can be drawn
from the research leading to article 3, where the change in relationship between
supplier and construction site changed from unilateral to bilateral (to some ex-
tent even trilateral), causing problems which were not considered19 in the pre-
implementation phase of the design (cf. Tanskanen et al., 2009). This is sum-
marized in the following finding on how designs mature in implementation:

Implemented designs mature through re-design intended to improve emer-
gent and systemic performance

4.1.3 Re-implementation

When designs are transferred from their original context to similar contexts, the
original designer is arguably seldom involved. The transfer implies the involve-
ment of a new designer, here termed as a secondary designer. In the new con-
text, the design goes through similar pre-implementation and implementation
phases as in the original context, with similar activities. However, instead of
search activities, the secondary designer engages in what could be characterized
as learning activities, where the secondary designer’s framing of the design is
based on the real design and outcomes in the originating context. This was tan-
gible in the research leading to article 4, where the designers in the studied con-
texts based their perception of the ideal design on the (to some extent glorified
account of the) real design in the originating context. In all cases, this led to a
gap between expected and realized benefits of the design, where (mainly) ex-
pected benefits were reduced as the design was applied to the new context.

Based on the above, the key lesson for the secondary designer was not so much
about what the original design is, but rather, to what extent the original context
is reflected in the design, and what the implications of that are. The design ma-
tures through the same processes as above, framing, building and re-design, re-
sulting in a design that is fit for context. The resulting applied design is de-
scribed in terms of applied structure, applied behavior, applied borders and
contingent outcomes. These findings lead to the following finding on how de-
signs mature in re-implementation:

Re-implemented designs mature through re-design to fit context

19 One plausible explanation of this could be the vendor managed inventory-reliant framing of the original
solution, which tends to emphasize the change in supplier responsibility (cf. Kaipia, Holmström, &
Tanskanen, 2002) as opposed to the change in customer responsibility.
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4.1.4 De-implementation

With enough applied designs, one can start to deduce rules for the context-de-
pendency, i.e. contingent nature of the design, revealing the “underlying OM
principle” embedded in the design. The deduced rules can also be expected to
gradually reveal the smallest common denominator of implemented (both orig-
inal and non-original context) designs, effectively sketching out a generic (and
readily generalizable) design, on top of which context adaptations are built (cf.
Alexander et al., 1977). This is when the design becomes independent of context,
implying that the design is effectively de-implemented. The designer at this
stage is the consultant or the academic with a pragmatic knowledge interest,
seeking to formalize the pre-implementation and implementation stages, so
that the design (noun) could be reproduced without the need for design (verb).
Article 4 comprised an initial attempt to a generic design description, where the
research led to a rule-based description of CBM, describing the contingence of
design purpose and form, deduced from the applied designs. This is summa-
rized in the following finding on how designs mature in de-implementation:

De-implemented designs mature through their process of reproduction be-
coming formalized

At this point, ceteris paribus, the design would be considered fully mature, and
as having no more knowledge to offer. However, as contexts change, even a ma-
ture design will eventually show room for improvement, potentially presenting
new opportunities for knowledge creation.

4.2 Extracting knowledge from maturing designs

Different types of knowledge is created in different phases of design maturity.
In pre-implementation, the interaction between designer and context has the
potential to create new conceptual knowledge in terms of context and design
framing, which advances the design. In the implementation phase, exposure of
design to context reveals deficiencies in initial framing, and tests emergent de-
sign properties. In the re-implementation phase, the context-dependence of the
design is tested, providing knowledge of context-dependency of both design and
outcome. All of these steps rely on knowledge emerging in interaction (of de-
signer or design) with context. The final de-implementation phase is the pinna-
cle of the pragmatic inquiry, where the design itself can be theorized, with the
pragmatic purpose of describing when, where, how and why the design ought to
be implemented. As the design theory should answer whether the design ought
to be implemented in a given context, it is arguably generalizable, despite the
design not necessarily being generally applicable. In this section, I will discuss
the knowledge contributions of the empirical research and relate them to the
derived conceptualization of design maturity.
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4.2.1 Pre-implementation

Context and solution framing is the prime source of new knowledge in pre-im-
plementation. Knowledge created at this phase is conceptual, embedded in the
designer, induced by context, taking the form of (in pragmatic terms) a useful,
novel way of viewing the context. Useful here in the sense that it facilitates the
process of creating the design, in which the value of the new knowledge is even-
tually manifested. Whether or not knowledge will in fact turn out to be valuable
is a significant concern in contributions based on pre-implementation designs,
and will be further discussed at the end of this sub-section. In the research lead-
ing to articles 1 & 2 the pre-implementation designs were testable representa-
tions of the would-be implemented designs, represented by a complex spread-
sheet (article 1) and a simulation model (article 2).

In the research leading to article 1, I claim two knowledge contributions. The
first of these arose when context data was being manipulated in an exploratory
fashion, leading to the realization that reliability theoretical propositions could
be applied to service scheduling on an aggregate fleet-level. In effect, this was a
novel application of reliability theory (increasing the value of extant knowledge)
and a novel layer to service scheduling (new knowledge). The second contribu-
tion arose from the reliability theoretical framing, which led to the insight that
SPC could be used in creating a dynamic scheduling process on top of the meas-
ure (design) derived from the first contribution. This entailed developing a
novel approach to SPC in order to accommodate relative time (extending extant
knowledge). Further, the novel design for performance measurement and con-
trol lead to the realization that the measure also was an aggregate representa-
tion of the customer process, implying SPC was being utilized to control a cus-
tomer process in a service context, which was a novel application of SPC (re-
framing extant knowledge).

In the research leading to article 2, I also claim two knowledge contributions.
The first of these, arose from an initial study in the same context (Öhman, Laine,
& Holmström, 2016), which made us question the common assumption – in
both practice and research related to the context – that maintenance should al-
ways be scheduled as late as possible20. The underlying problem related to this
was workload variance (amplified by unplanned repairs), with resource flexibil-
ity as the prevailing practice for coping with the variance. The constructed sim-
ulation model allowed us to experiment with introducing temporal flexibility as
a complement to resource flexibility, showing that the “as late as possible”
scheduling approach produced inferior results. In effect we thus questioned the
prescribed solution (prevalent knowledge), showing the viability of a new solu-

20 In the course of the research this conception was traced back to the 1970’s (cf. Boeret, 1977), when air-
craft maintenance programs were so extensive that it gave rise to the mantra that aircraft spend more time
in maintenance than they do in the air. During this era, also Reliability Centered Maintenance (RCM)
emerged as a series of developments aimed at reducing the time that aircraft spent in maintenance.
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tion-space based on the complementary solution of introducing over-mainte-
nance into the schedule, which could then be postponed to cope with emergent
workload21.

The second contribution arose from the framing of the design as an over-
maintenance buffer, which led us to relate our research to prior work in supply-
chain theory with similar problems of amplified variance (Towill, Zhou, &
Disney, 2007), also in services (Akkermans & Voss, 2013). This led us to ques-
tion another generally held assumption – that services cannot be stored for later
use (cf. Moeller, 2010). This in turn led to the realization that the over-mainte-
nance buffer was conceptually equivalent to a frontlog, which was essentially a
service inventory – not in the sense that service production and consumption
would be separated, but in the sense that production occurs before demand is
imminent. While challenging the generally held assumption, the frontlog also
challenges the manufacturing versus services divide in OM, which could have
profound theoretical implications. In conclusion, the maturing designs in arti-
cles 1 & 2 contribute to current knowledge through:

 Opening a new solution space in context.

 Opening a new application space in theory.

Both of these types of contributions can be motivated from the pragmatic ap-
proach to knowledge creation. The first, on the grounds that neither article
claims a superior, substituting solution, but rather that existing solutions should
be complemented with the novel design to reach superior outcomes. The sec-
ond, on the grounds that increasing the range of applications of a theory, in-
creases the utility of that theory. The two are tightly interlinked however, and
mutually inclusive, as illustrated in Figure 9.

Figure 9 – Knowledge creation in pre-implementation

Given that the testable design representations are simplifications of the real
systems they represent (Law, 2003), there are limits as to what knowledge can
be extracted from them. More specifically, implementation generated
knowledge, such as the emergent and systemic behavior of the design, cannot
be derived from testable representations. In other words, the validity of

21 ”At its heart, every operational innovation defies an assumption about how work should be done”
(Hammer, 2004, p. 91)
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knowledge extracted in pre-implementation rests on an assumption of negligi-
ble design emergence. Further, despite negligible emergence, the ideal outcome
produced by a testable representation cannot be readily interpreted as a real
outcome as it does not capture systemic performance. These are factors, which
need to be discussed when assessing pragmatic validity. In other words,
knowledge contributions based on pre-implementation designs can be expected
to arise from econo-technical designs with thorough empirical grounding, de-
signed by a designer with in-depth understanding of the context.

4.2.2 Implementation

In the implementation phase, new knowledge is created as the designer seeks to
explain the difference between the expected ideal outcome and the observed real
outcome, including explanations of potential unintended outcomes. In essence,
through implementation, the design induces knowledge from the context, re-
vealing the rationally bounded designer’s gap of understanding, testing assump-
tions related to design borders and emergent design behavior. While necessary
for validating designs with significant emergent behavior and/or systemic per-
formance, implementation also serves as further validation of knowledge claims
made based on the pre-implemented design in the intended context. Based on
the analogy “if you want to understand a system, try to change it” (van Aken,
2004, p. 241) it could be assumed that novel designs may at this stage also con-
tribute to more fundamental theories of economic organization.

In the research leading to article 3, we started with the assumption that the
design had emergent behavior in the sense that the perception of design stake-
holders (mainly users) would define their interaction with the design. Based on
the views of the stakeholders, we were able to deduce three contributions as to
explain the adoption of logistics innovation. First, incongruent views in how the
design was framed by its stakeholders were shown to lead to differences in de-
sign performance, as expected. Second, the study uncovered a more sinister de-
velopment in the social fabric between the stakeholders involved in the logistics
design. Due to the design, a formerly unilateral relationship between construc-
tion site and supplier now became bilateral, where the construction site sud-
denly had a share of the responsibility in ensuring successful supply. This led us
to observe indications of a vicious cycle (Oliva & Sterman, 2001) where con-
struction site’s misbehavior was patched by additional supplier work, leading to
increased costs and stock-outs, undermining the long-term viability of the de-
sign. Finally, due to the nature of the context, the design was re-implemented
on a project-by-project basis, which highlighted the importance of introducing
a standardized set-up process, an aspect not sufficiently addressed in the pre-
implementation phase. These contributions highlight two principal knowledge
contributions emerging from context:

 Explanations of emergent design performance in context.

 Explanations of systemic design performance in context.



Findings

50

Here the systemic design performance denotes outcomes, which are essen-
tially side effects of introducing the design. The changes in stakeholder relation-
ships in article 3 serve as an example in point, in which the systemic effects of
the design were not fully understood before it was implemented. Another illus-
trative example could be drawn from article 2, where decreased reliance on re-
source flexibility could be expected to reduce workload in the resource manage-
ment function – this was however not the primary purpose of the design, and
hence not included in the testable representation. From the perspective of prag-
matic knowledge creation, the utility of an explanation-contribution (on both
emergent and systemic performance) is that it either prompts a re-design, or
that it simply replaces the gap in understanding with a gap (or variance) in per-
formance, removing the need to search for complementary explanations.

Figure 10 - Knowledge creation in implementation

4.2.3 Re-implementation

As the design is re-implemented in a non-original context, the design-embed-
ded context assumptions (based on which the original design structure, behav-
ior and emergence are built) are surfaced. Hence, re-implementation is essen-
tially a test of the applicability of the original problem or opportunity framing
in the new context. The objective of knowledge creation in re-implementation is
explaining variance between contexts in terms of design purpose, form and out-
come. Theories that explain variance also tend to explain similarity, which
means that re-implementation gradually leads to de-implementation, as the
core of the design, which remains the same throughout contexts begins to
emerge. The design is likely to be re-implemented by a secondary designer,
which is different from the original primary designer. The secondary designer is
a valuable source of knowledge as he/she develops the design through pre-im-
plementation22 and implementation (with corresponding knowledge-creation
opportunities) in the context of re-implementation.

22 Here with the distinction that both solution and context are given, but the solution is not necessarily
readily applicable to context – implying that the secondary designer engages in design learning and re-
framing.
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In the research leading to article 4, we identified a number of contingencies,
which explained context-induced differences in why and how the studied design
was implemented. Finding and explaining these differences is in itself a contri-
bution (Sousa & Voss, 2008), and we found that many of the differences in how
the design was implemented could be explained by organizational theories re-
lated to information (Galbraith, 1974; Tushman & Nadler, 1978) and knowledge
(Grant, 1996b, 1996a). However, we also observed that most of the differences
in why the design was implemented, as well as some differences in how, were
not explained by the formal theories – hinting of potential for a more profound
theoretical contribution. Hence, the contributions to knowledge from re-imple-
mentation are:

 Explanations of contextual differences in why the design is imple-
mented.

 Explanations of contextual differences in how the design is imple-
mented.

While the outcome of a re-implemented design is of interest, it is a dependent
variable of why and how the design is implemented. The point here is that, based
on the outcome alone, one cannot determine how successful an implementation
is, or how well a design is suited for the contest in which it is being re-imple-
mented. Hence, explanations are necessarily founded in an understanding of
why and how the design is implemented. Further, failed implementations
should be considered at least equally interesting to successful implementations,
as they provide evidence of limitations in general applicability of the design.

Figure 11 - Knowledge creation in re-implementation

4.2.4 De-implementation

As the scope of contexts in which the design has been introduced broadens, the
limitations of the design are pegged out through context-dependent (why- and
how-) rules. In this process the problem/opportunity formulation (why), and by
extension the design (how) is detached from context, leading to generic design
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knowledge, which is universally applicable and understandable – not however
implying that the design would be universally applicable. In research leading to
article 4 a generic design begun to emerge, as rules emerging from the studied
contexts were supported by formal theories, implying at least partial generali-
zability of the findings. These rules (or design patterns) built around a focal ge-
neric design are the objective of pragmatic knowledge creation in the de-imple-
mentation phase, and can be expressed as:

 A generalizable description of the design.

 Prescriptive knowledge of whether, why and how the design should be
implemented in a given context.

Once the prescriptive knowledge that can be drawn from re-implemented de-
signs begins to saturate, the design can be considered mature in the sense that
its implementation no longer generates new knowledge. This situation could be
equated to what Gregor & Hevner (2013) characterize as routine solutions – i.e.
applying a known solution to a known problem – with no surprises or unac-
counted variance in purpose, form or outcomes. However, as noted in section
4.1.4, as contexts change over time, the generalized description may someday
no longer hold, opening an opportunity for researchers to “re-visit” the design
– with the design providing a window to how the world has changed.

Figure 12 - Knowledge creation in de-implementation

The de-implementation phase may also involve further conceptual re-framing
work, as gathered evidence may shed light on design parsimony and possible
kinship with other (OM) designs, such as the similarities between CBM and JIT
production (cf. Duclos, Sih, & Lummus, 1995) noted in article 4. Knowledge cre-
ated in this phase would arguably enable a wider exploration of design geneal-
ogy (cf. Holweg, 2007), and by extension serve as a foundation for an OM prac-
tice(s) theory (cf. Bromiley & Rau, 2016).
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4.3 Maturity and knowledge creation in contemporary OM DS

Before moving on to the discussion, I will reflect the concept of design maturity
as I have defined it in this section, against contemporary OM DS research intro-
duced in section 2.3. Two questions arise from this reflection. First, I find that
the question of when a design is implemented offers some room for interpreta-
tion, and consequent methodological elaboration. Second, I find considerable
diversity in the knowledge “extracted” through the designs, which is in retro-
spect natural, as a typical OM DS research article in practice covers several
stages of design maturity. In other words, it would seem natural that an article
reporting an implemented design also claims contributions that I have associ-
ated with pre-implementation.

4.3.1 Design maturity in contemporary OM DS

Of the 17 OM DS articles reviewed, eight articles were deemed to present designs
that were in pre-implementation maturity, while another eight articles pre-
sented designs that were in implementation maturity. The one remaining arti-
cle, Holmström et.al. (2010) arguably discusses design re-implementation in a
number of context (project delivery, industrial asset management and industrial
service operations). This being said, however, all designs to some extent under-
went empirical evaluation, which creates ambiguity in the distinction between
pre-implementation and implementation. This ambiguity is tangible in some
articles that develop frameworks or typologies. For example; The maturity pro-
filing design created by Jääskeläinen and Roitto (2015) is implemented in a
sense of validation, as they show the viability of their design through conducting
a survey, in which they, based on 271 questionnaire responses, profile the per-
formance management maturity of the organizations of their respondents. The
same design is, from my perspective, not implemented in a pragmatic sense, as
the authors (Jääskeläinen & Roitto, 2015) report no research on how the re-
spondents and their respective organizations would act upon understanding
their performance management maturity.

This same observation holds for other designs which consolidate prior re-
search with a pragmatic objective (cf. Pournader et al., 2015). In a sense these
studies could also be seen in terms that they create design structure based on
prior research or empiry (cf. Hinkka et al., 2015; Soinio et al., 2012), and vali-
date this structure, but offer very little in terms of design behavior or emergence.
A similar question arises in the article of Finne (2018), which I classified as im-
plemented. In his work Finne (2018) redesigned an OM course based on profes-
sional service management principles, and brought about tangible change in the
course which he was able to evaluate based on student feedback. The design (“a
six-step systematic approach”) however, was arguably inspired by literature and
deduced in the process of bringing about the change in the OM course, which
leads to the peculiar distinction where the design was not something that was
implemented, but rather a result of the implementation. Following this reason-
ing, despite the tangible (and positive change) brought about in the research
context by Finne’s research (2018), the pragmatic validity of the design cannot
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in strict terms be deduced from the process of its creation, but is reliant on im-
plementation where the design would exist before implementation. Or can it?

The distinction between implementation and re-implementation also offers
room for interpretation. In addition to article 3 in this dissertation, also the re-
search articles of Groop et.al. (2017) and Kaipia et.al. (2017) highlight this issue,
as both describe design implementations, which are respectively either affected
by, or contrasted against another implementation. In the case of Groop et.al.
(2017), the authors describe a process where design development was halted in
one case, only to be resumed based on encouraging results in another case –
implying a process where design implementation was affected by a prior imple-
mentation. In Kaipia et.al. (2017) the design was implemented and benefits ma-
terialized in one case. However, the design was also introduced in another case,
in which the implementation was discontinued – highlighting the situation
where one viable example of an implemented design may be accompanied by
valuable re-implementation knowledge from failed implementations. These ex-
amples highlight the fluidity of the concept of design maturity, and indicate
likely benefits of considering design maturity as a dually evolving continuum of
solution maturity and problem maturity, as discussed in section 2.1.4.

4.3.2 Knowledge created in contemporary OM DS

Many of the reviewed studies (Abaunza et al., 2018; Finne, 2018; Groop et al.,
2017; Öhman et al., 2015) (consisting of both pre-implementation and imple-
mented designs) contribute through applying OM theory in a novel context in-
dicating a pragmatic contribution though improved context outcome(s) while
broadening the application space of theory. Evidence of emergent and systemic
performance is presented in several articles, but only two articles develop these
to explicit contributions (Groop et al., 2017; Tanskanen et al., 2015). Further, a
number of articles contribute through elaborating design contingency in terms
of why and how a design works in different contexts (Holmström et al., 2010;
Kaipia et al., 2017; Kjellsdotter Ivert & Jonsson, 2014; Meyer et al., 2014;
Tanskanen et al., 2015), often through CIMO-based propositions, sometimes
taking a quite prescriptive tone23.

While all the knowledge contributions discussed above can be found in section
4.2, six articles in the reviewed sample argue a knowledge contribution, which I
have not previously recognized. Based on my interpretation, the authors in
these six articles argue that the designs brought forth in them contribute
through consolidating prior research with a pragmatic objective. While in line
with the objective of design science in bridging the gap between research and
practice (Holmström et al., 2009), I would argue that four of these six articles,
despite empirical validation, fail to demonstrate pragmatic validity. This, in the
sense that their design (which is that of prior research turned into a model, ty-
pology or framework) would actually be able to bring about a change for the

23 Making the distinction between re-implementation and de-implementation knowledge somewhat am-
biguous
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better, in practice. The two exceptions elaborate on and partially test for prag-
matic validity (Busse et al., 2017; Reinerth et al., 2018). This leads to a justified
question of whether designs purely synthesized from prior research should be
regarded as design science, and if so, what would be the requirements for en-
suring pragmatic validity? Finally, two of the early DS in OM articles, despite
developing more or less tangible designs with good outcomes, in my opinion fall
short in theorizing their findings (Moon & Ngai, 2010; Tanskanen et al., 2009).
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5. Discussion

“As creatures of bounded rationality, incapable of dealing with the world in
all of its complexity, we form a simplified picture of the world, viewing it

from our particular organizational vantage point and our organization’s in-
terests and goals”
(Simon, 1996, p. 44)

So, what is our vantage point as academics? What are our interests and goals?
Are we here to change the world, or should we merely try to understand it?
These were the questions posed in the introduction – questions which have been
debated for decades in the field(s) of management. Design science takes a stance
on this point; we are here to change the world, and through changing it, we will
understand it. Design science is also an inclusive science – the quest is not to
arrive at a single best way to explain (and predict) reality, but rather the com-
plementary integration of available ways until adding new knowledge does not
add to understanding the phenomena at hand. The hands-on, empirically
grounded approach and commitment to pragmatic validity, built on an inclusive
view of knowledge, has raised hopes for DS providing a solution to the fre-
quently questioned relevance of OM research (Holmström et al., 2009; van
Aken et al., 2016). However, the methodological discussion in the emerging
stream of DS in OM has so far sought to establish and relate itself to the “tradi-
tional ways” of doing science – leaving much of the “how to” discussion on an
anecdotal level.

Based on the appended OM design articles, this thesis elaborates on the “how
to”, through identifying and discussing methodological issues which are empha-
sized in the field of OM. Through a perspective of design maturity I explore how
and what knowledge is created when what ought to be becomes what is – find-
ing that all phases of design maturity have the potential for creating new (prag-
matic) knowledge. Further, this exploration touches and elaborates on several
methodologically important aspects of DS in OM, which have previously been
discussed in an anecdotal fashion, such as the implications of the socio-techno-
economic nature of OM designs and design emergence as a key component of
this. Finally, this exploration identifies a number of new methodological issues
in OM DS, which have so far escaped wider discussion and elaboration – also
outside of the field of OM – such as the importance of distinction between de-
sign and context, and the role of the designer as a source of knowledge. In this
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section, I will discuss the significance and implications of this methodological
exploration, followed by a look forward on the future of DS in OM from my cur-
rent vantage point.

5.1 Contribution to Design Science in OM

In this thesis, I explore how designs mature, and how new knowledge is gener-
ated in the process. Although being hesitant in using the word framework due
to its ambiguity24, I do claim that I have, through this thesis, given a meaningful,
useful and novel structure to the process through which a design brings about
change in the world. The framework is meaningful, as it delineates the relation-
ship between design maturity and the pragmatic quest for knowledge creation
– rooting it in the methodological foundations of design science. The usefulness
of the framework is rooted in its meaningfulness, as the framework is primarily
intended to give structure and coherence to the methodological debate on DS in
OM. Finally, the novelty of the framework is, as always, relative – and at least to
some extent, in the eye of the beholder. Relating the framework to the maturity-
based frameworks presented in Figure 4, page 22, I would not claim that the
derived framework gives structure to the design process, as does Peffers et.al
(2007), nor is its objective to describe the design science path to formal theory,
as in Holmström et.al. (2009), and finally, in contrast to van Aken (2004), alt-
hough being rhetorically centered around implementation, the framework does
not require a de facto implementation. In summary, current framework com-
plements the above by emphasizing that new knowledge can be derived in all
phases of design maturity: pre-implementation, implementation, re-implemen-
tation and de-implementation.
In pre-implementation, the emerging design is argued to be a product of the
context “extracting” knowledge from the designer. The knowledge produced at
this stage is characterized by a dual extension of the solution-space in the con-
text and the application-space in theory. Based on a pragmatist epistemology, a
contribution in the pre-implementation phase increases the utility of extant
knowledge, through applying it in a novel way. In implementation, the design’s
intent is put to the test, as the design extracts knowledge from the context, in-
viting explanation of deviations from intended outcomes. The knowledge pro-
duced at this stage is characterized as explanations of emergent and systemic
performance. From a pragmatist inquiry perspective, the knowledge created (or
leveraged) in this phase improves the predictability of design outcomes and
highlights opportunities for improvement through re-design. While explaining
(especially emergent) performance, knowledge produced at this phase may be
informed by, and by extension challenge (Hevner et al., 2004) formal behavioral
and social theories.

24 The word framework is used in two slightly different meanings. On one hand, a framework can denote
a descriptive tool – “a basic conceptional structure (as of ideas)” (https://www.merriam-webster.com/dic-
tionary/framework, retrieved 5.4.2019). On the other hand, a framework can have a broader meaning as a
normative tool – “a system of rules, ideas, or beliefs that is used to plan or decide something” (https://dic-
tionary.cambridge.org/dictionary/english/framework, retrieved 5.4.2019)
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In re-implementation, the design (again) extracts knowledge from the context
in which it is re-implemented. The knowledge that is produced at this stage
probes context assumptions embedded in the design, seeking to explain differ-
ences in why and how the design is implemented in non-original contexts. Again
taking the perspective of the pragmatist inquisitor, the utility of the knowledge
produced at this stage is that it has prescriptive use in further re-implementa-
tion. Further, explanations of differences in why and how designs are imple-
mented may test and perhaps even offer explorative extensions of formal eco-
nomic and organizational structural theories. A contribution in this phase is de-
rived through studying a known solution to a known problem, in contrast (but
not contradiction) to what Gregor & Hevner (2013) posit. In the final phase the
design itself becomes formal knowledge (in the sense that the prescriptive de-
sign-knowledge is generalizable – not however implying that the design is gen-
erally applicable), as it is effectively de-implemented from context. Knowledge
at this phase takes the form of a generic description of the design, with context-
dependent rules prescribing the purpose, form and outcomes of context-specific
implementation. The pragmatic utility of knowledge produced at this stage is
that it removes the need for design (as a process) when implementing the design
(as an artefact). Further, I have argued that when accumulated, such generic
designs would result in a genealogy of OM practices (cf. Holweg, 2007), ulti-
mately leading to a design-based practice(s) theory of OM.

5.1.1 Conceptualization of designs for knowledge production

In contrast to other fields where design science has gained traction (IS, organi-
zation studies), OM is arguably one of the more challenging when it comes to
the heterogeneity of contexts, and by extension designs. As problem framing is
solution framing in disguise (Simon, 1996), and vice versa, how we describe and
conceptualize our designs becomes an integral aspect of design science method-
ology.  I have discussed OM designs as techno-socio-economic systems, mainly
to argue for differences in the methods required for design validation, which I
will summarize in section 5.1.2. Inspired by Simon’s (1996) work, I have also
discussed conceptualization of designs through structure, behavior and emer-
gence. This way of conceptualizing designs is argued to facilitate design, as ar-
riving at new solutions requires alternating between state and process represen-
tations of reality (Simon, 1996). Further, inspired by Gregor & Jones (2007) I
have discussed designs (especially in the re-implementation phase of design
maturity) through form and purpose25. It seems evident that design conceptu-
alization serves different purposes at different stages of design maturity. On the
other hand, when contributing to academic discussion through design science,
design conceptualization is to some extent dictated by the theoretical traditions
of the domain for which the contribution is intended. A review of prior DS in
OM revealed a number of articles that present designs consolidating prior re-
search in the field, which would seem good from the perspective of creating de-

25 Note that Gregor & Jones (2007, p. 325) include “constructs” as one of their design theory components
– referring to it as “representations of the entities of interest” in the design theory.
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signs that resonate with theory. However, as I discuss in section 4.3.2, this ap-
proach calls for evaluating and testing not only empirical validity, but also prag-
matic validity.

One aspect of conceptualization, design boundaries, is arguably of special im-
portance in OM DS given the heterogeneity of contexts. While many authors
mention design boundaries (Gregor & Jones, 2007) or interfaces (Simon, 1996;
van Aken et al., 2016) either explicitly or implicitly, very little elaboration is
done on the subject. As OM designs are implemented, they are embedded into
the system that is operations on several different levels – this might make the
distinction between design and context vague and ambiguous. Especially when
designs rely on emergence, and when the design is expected to have systemic
effects. While it would be tempting to limit design science in OM to designs with
“short causal relations between intervention and outcome” (van Aken et al.,
2016, p. 6), this could risk ruling out radical OM designs which drive fundamen-
tal change. The solution based on the research presented in this thesis would
rather be to acknowledge the ambiguous nature of the design-context border, or
interface, and introduce a practice of explicating and discussing design inter-
faces26 in academic reporting. To what extent this principle could be extended
to how design propositions are formulated27 is a topic for further elaboration
beyond this thesis.

Spinning further on design boundaries, an important subject for further meth-
odological elaboration in DS is its relationship to case study methodology. Most
contemporary DS research in OM resorts to case study methodology to some
extent, perhaps mainly due to relatable concepts and rhetoric, perhaps partly is
search of legitimacy. At the same time, the discussion above challenges even the
most basic interpretation of what case studies are – the designation of a bound-
ary between context and object of research, let alone that this boundary should
be between a firm and its business context. Assuming that the design will always
be the unit of analysis in the case, I will leave this discussion with a number of
questions, the answers to which would clarify the relationship between case
studies and DS. To what extent can we build on case study methodology when
a) the boundary between design and context cannot be determined a priori, b)
the boundary may change during the research process, c) the boundary between
design and context may differ between “cases” and d) the purpose of the design
may differ between “cases”? Considering the heterogeneity of case study re-
search (Ketokivi & Choi, 2014), I would not expect any unsurmountable chal-
lenges in clarifying the relationship of case studies and DS in OM.

5.1.2 Methods for producing knowledge through designs

Van Aken et.al (2016) emphasize that Design Science is a research strategy, im-
plying that DS does not contain notions of preferred or acceptable methods. I
have argued (supported by articles 1 & 2 in this dissertation) that designs can

26 With the purpose of this discussion varying depending on design maturity.
27 For example the distinction between Context and Intervention in the CIMO structure, where the Mech-
anisms could be equated to descriptions of interaction, while at the same time being embedded in context.
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create knowledge before being implemented in context, through methods of
quantitative analysis and/or simulation, based on context-generated data. I
have also argued that establishing design validity in pre-implementation is pos-
sible as long as the design has negligible emergent properties. In contrast to Op-
erations Research (cf. Koskela, 2017), this does however not remove the need to
gain an extensive in-depth empirically grounded understanding of the context
for which the design is intended, and from where the data originates. In prac-
tice, this implies a need to also gather qualitative data in order to understand
and contextualize the evidence, and by extension the design.

 In the implementation phase, field-testing (van Aken, 2004) not only (typi-
cally) provides tangible evidence on the techno-economic outcomes, but also re-
veals the effect of social and cognitive components of the design. While the
emergent performance of the design probably can be distinguished from quan-
titative data describing the outcome of the design, understanding emergence
requires seeing the design from the perspective of its users and stakeholders.
For this purpose, qualitative methods such as observation and semi-structured
interviews were shown to be suitable (article 3). Finally, in the re-implementa-
tion phase all of the methods above are likely to provide important evidence.
Re-implementation naturally necessitates studying multiple contexts, and alt-
hough not used in article 4, combinatory analysis (cf. Grandori & Furnari, 2008)
could provide a useful approach for understanding “design chemistry”. Of spe-
cial importance would however seem to be access to the secondary designer, in
order to probe the effect (through qualitative research) of his or her perception
of the design and its origins (article 4).

An issue of special concern is validation of designs where the effect on opera-
tions is incremental and/or probabilistic. In article 2, we showed that a rela-
tively small change in scheduling would result in a significant average economic
impact over time. To reach this conclusion we simulated over 2000 years of air-
craft maintenance. This exemplifies a challenging problem from a design per-
spective – one where a definitive and exhaustive analysis of the effect of imple-
mentation would have to span over decades to account for natural variability in
the outcome. In summary, regarding methods for DS in OM, the conclusion is;
the more the merrier, on the grounds that design validity is always reliant on an
in-depth understanding of the context. Further, designs with negligible emer-
gence are potentially testable through analytic methods, using data originating
from context, while designs with emergent properties need to be implemented
to some extent to be able to accumulate evidence on stakeholder perceptions.

5.1.3 The designer as a source of knowledge

The final observation emerging from the conducted research (based on seeing
design as an activity of framing and re-framing) is the importance of under-
standing the designer (framer) in understanding the workings and embedded
assumptions of the design. With OM harboring several domains of inquiry, with
different nuances in theoretical traditions, OM design scientists may arrive at
(even radically) different solutions for OM problems/opportunities, depending
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on their background. While this theoretical diversity can be a strength, it creates
a need for self-reflection when evaluating and communicating designs – i.e. ask-
ing “how did what I know affect how I solved the problem?”, and by extension
“what underlying assumptions may affect the (long-term) outcome of the de-
sign”. As an illustration of this I offered the challenges of the design reported in
article 3, which could (at least in retrospect) be deduced from the backgrounds
of the original designers (cf. Tanskanen et al., 2009).

The designs we create reflect our knowledge and ambitions – we as researchers
make sense of the world through framing, affected by our theories – hence,
when we study a phenomena through design, we also study our own conception
of the phenomena. In an embedded sense, we test the theoretical foundation we
have accumulated, ideally using that knowledge in a complementary fashion,
letting the problem induce the framing, rather than vice versa. Respectively,
when we study designs made by others, we also probe their view of the world.
In conclusion, I put forth that, due to a presumed heterogeneity and comple-
mentarity in the ways in which OM problems can be framed, DS in OM should
take a habit of reflecting on the background and knowledge-base of designers,
whether that be done through self-reflection or semi-structured interview.

5.2 Limitations and practical implications

Given the limited number of studies included in this dissertation, I feel it would
be my obligation to state that the results are not readily generalizable. I will in-
stead choose to highlight that given the limited number of design studies ap-
pended, the methodological discussion here is by no means exhaustive, nor is it
meant to be. I hope the ideas conveyed in this thesis eventually serve as building
blocks for a bridgehead in developing a vibrant methodological discussion of DS
in OM. I have highlighted a few aspects that I, based on the research I have con-
ducted, believe to be crucial in OM DS methodology. Most of the ideas presented
in this thesis can be, and I hope that they will be, further developed – as they
seemingly leave much room for further methodological scrutiny.

As for practical implications, this thesis set out from the discussion, and per-
ceived lack of OM research relevance. If this thesis can at all contribute to the
establishment and development of DS in OM, I believe the implications for prac-
tice would be positive. Naturally, the studies that comprise this thesis have their
individual contributions, having in some cases brought concrete change for the
better, in others, affected and broadened the mindsets of involved practitioners.
However, also this methodological elaboration combined with the findings in
article 4, point at a useful practical guideline; when considering the adaptation
(re-implementation) of an OM (best) practice, managers would do well in culti-
vating their understanding of the context in which it originates. This, as the pes-
simistic economist would say that the practice probably emerged in the context
where it was most needed, implying that it will probably be less useful wherever
else it is implemented.



Discussion

63

5.3 On the future of Design Science in OM

Looking forward, I expect design scientists in OM to engage in two fundamental
questions with methodological implications, which may not have an answer, but
should be debated. The first question is related to DS as a problem-solving dis-
cipline (Holmström et al., 2009), aimed at creating novel solutions to unsolved
(wicked) problems. What actually constitutes a novel solution? There was order
tracking before RFID was introduced in supply chains (Holmström et al., 2010)
– it was just less granular and more laborious. There was a small-item inventory
on the construction sites before the introduction of On-site shop (Tanskanen et
al., 2009) – it just had more stock-outs and tied up more capital. There was a
way of allocating caregivers and handling resource shortages before Groop et.al.
(2017) introduced their design – it was just less efficient. So are these new solu-
tions as a matter a fact improved solutions? The intent here is not to argue that
the mentioned designs were not novel or innovative – but rather to highlight
that novelty is a relative concept, which introduces subjectivity when used for
evaluating research. Further, as highlighted in this thesis, solutions can be both
new to context and/or new to theory. In effect, although novelty is a cornerstone
in the DS pragmatic quest for knowledge, the evaluation of it may (and should)
spark debate.

The second question is related to the boundary- / interface-issue highlighted
in section 5.1.1. As artifacts in OM are defined (and better described) as inter-
ventions, are there limits of feasible design-based interventions in OM? Serviti-
zation (Oliva & Kallenberg, 2003) for example is a strategic differentiation of a
manufacturing firm, where it increases the emphasis of services in its offering
(Ulaga & Reinartz, 2011). The OM implications of this change are arguably sig-
nificant (Baines & Lightfoot, 2013) and for any company considering this
change, it undoubtedly presents a wicked OM problem and a presumably mas-
sive intervention – how should we go about providing services, when we are
used to producing products? Could this problem have been approached through
design science? If not – why not? If yes – is there something that could not?
Based on Simon’s (1962, 1996) work it would probably be advisable to split a big
problem into a set of smaller problems, respectively producing  a set of smaller
solutions, which together comprise the big solution. Yet, the most influential
designs in OM are what could be described as “big solutions” (Holweg, 2007;
Womack, Jones, & Roos, 1990). Here I see room for methodological debate,
where one objective will be to clarify the relationship between DS and the sub-
stantial body of methodological literature on case studies.

Finally, I have taken design maturity as a basis for my methodological discus-
sion for a reason. If the methodological discussion is not only about, but based
on, knowledge and methods, DS as a research strategy will disintegrate – lead-
ing to the forming of methodological niches (Peffers et al., 2018). Given the het-
erogeneity of the field, this translates to research domain-specific niches, limit-
ing the span of domain knowledge of would be academic designers. Thus, I ar-
gue, that in order for DS to make a decisive change in the practical relevance in
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the field of OM, it should base its methodological discussion around how theory
is translated to practice – around how what ought to be becomes what is.
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