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Preface

This book contains papers presented at the European Design Science Sympo-
sium 2012, held in conjunction with the Intel European Research and Innovation
Conference Series (ERIC) 2012.

The purpose of the symposium is to bring together researchers and practition-
ers interested in practical aspects of design science. Design science creates and
evaluates IT artifacts intended to solve identified organizational problems. Such
artifacts are represented in a structured form that may vary from software, for-
mal logic, and rigorous mathematics to informal natural language descriptions.
Design science research (DSR) has become an accepted approach for research
in the information systems (IS) discipline with a dramatic growth in recent,
related literature. In particular, DSR holds promise as a paradigm that can es-
tablish the relevance of academic information systems research for IS practice.
The rich phenomena that emerge from the interaction of people, organizations,
and technology need to be qualitatively assessed to yield an understanding of
the phenomena adequate for theory development or problem solving.

In his editorial titled “Design Science, Grand Challenges, and Societal Im-
pacts,” Hsinchun Chen claims that “although explanation-based research has
a long history and important role in the MIS community, it is my belief that
much of the future high-visibility, high-impact IT research opportunities are sur-
rounding the ‘design and implementation of innovative business solutions,’ the
essence of ‘design science’ MIS research.” In Europe, we find a particularly vi-
brant and active design science research community and we provide an annual
forum – The European Design Science Symposium (EDSS) – for that commu-
nity to publish their research and exchange opinions that contribute toward the
further development of this important MIS research stream.

In ESSS 2012 we had three keynote presentations from leading thinkers in
design science, which were complemented by three paper tracks.

In the first keynote presentation, Joan van Aken focused on the development
of design science for social system design through rigorous research. He pointed
out that this type of design science research faces a fundamental methodological
problem, not present in design science research for (purely) technical systems:
human agency. The particular challenges that he explored were: (1) how to deal
with human agency in DSR for social systems, (2) the basic research strategy
for rigorous DSR for social systems, (3) the typical research product of DSR,
(4) the design proposition, and (5) the use of these research products through
research-informed practice.

In the second keynote presentation, Alan Hevner proposed a complementary
evaluation model for DSR drawn from evolutionary economics. An innovative
fitness-utility model was presented that captures the evolutionary nature of de-
sign improvements and the essential DSR nature of searching for a satisfactory
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design across a design fitness landscape. A key premise of this new thinking is
that the evolutionary fitness of a design artifact is more valuable than its imme-
diate usefulness. The presentation concluded with a discussion of the strengths
and challenges of the fitness-utility model for performing rigorous and relevant
DSR.

In the third keynote presentation, Krsto Pandza concluded rather skeptically
that design science may not offer such a distinct perspective on management as
a field of study. His skepticism is based on the design science scholars’ rather
arbitrary use of Simon’s intellectual legacy, particularly the superficial differenti-
ation between explanatory-based and prescriptive-based social sciences, and the
promises such a comparison hold for prescriptive outcomes in management. His
paper contributed to the design science debate in management by identifying
three different types of design, each based on different ways artifacts emerge.
These identified differences have profound consequences for understanding de-
sign science as an explicitly organized and systematic approach to design. He
concluded that later conceptualizations of design science do have a place, but
offer only a particular perspective – one that is relevant for a narrow set of
organizational phenomena. Finally, he argued that the design analogy is an im-
portant one in the current debate about the nature of management studies if
it highlights the creation of novelty and disruption of stability. It also offers a
way of thinking about the exposition of uncertainty, in contrast to highlighting
rules and principles that offer a prescriptive promise to guide the design of social
artifacts.

In the first track, Frank Devitt and Peter Robbins explored the relationship,
commonalities, and complementarities between design thinking and design sci-
ence in the context of an introduction to the broader discipline of design and its
history, the desire of management scholars to be relevant to practice, and the
nature of that practice. They find that design thinking and design science are
complementary components of an overall design paradigm, the appropriate appli-
cation of either approach depending on the context and nature of the problem
being addressed. Göran Goldkuhl used a paradigmatic foundation in pragma-
tism to identify three main subpractices of design research: theorize, build, and
evaluate. He also identified three external practices/communities: the research
community, general practice, and local use practice. The different practices are
related to each other through the construct of an activity cycle. Seven different
activity cycles are specified in the paper: theorize–build cycle, theorize–evaluate
cycle, build–evaluate cycle, theorize–research community cycle, design research–
general practice cycle, build–use cycle, and evaluate–use cycle. Jonas Sjostrom
and Madelen Hermelin presented Babbler – a novel concept for community trans-
lation. A proof-of-concept (software implementation) that was built and put
into use in an information systems development project. Following a design sci-
ence research approach, the concept and the software were evaluated through
log analysis and interviews with translators. The authors demonstrated vari-
ous qualities of the concept and its implementation, including its effectiveness,
efficiency, reliability, workflow, implementability, and performance. Lessons
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learned, implications for future research, and implications for practice were dis-
cussed.

In the second track, Arkın Efeoğlu, Charles Møller, and Michel Sérié described
a solution prototype that is composed of blending product and service prototype
that has particular impacts on the dualism of DSR’s “build” and “evaluate.”
They used Van de Ven’s research framework because it offers potential for agility
and iteration. A correlation between Hevner’s and Van de Ven’s framework was
analyzed. Jim Kenneally, Martin Curley, Ben Wilson, and Michael Porter’s paper
detailed how 16 acute-care hospitals from across Europe and North America
were able to plan a more holistic approach to the strategy, implementation, and
running of electronic medical record (EMR) and general IT services. The paper
outlined a design science approach within the information systems (IS) field to
developing and applying here-tofore separately utilized IS management artifacts;
namely, the IT Capability Maturity Framework (from IVI) and EMR Adoption
Model (from HIMSS Analytics). The combined benefits of this approach allow
acute-care hospitals to more holistically plan IT capability enhancements toward
achieving improved eHealth outcomes. Jack Anderson, Alan Hevner, and Brian
Donnellan proposed a new innovation model that leverages DSR concepts and
principles. They outlined the six stages of “DRIVES” with brief descriptions of
the activities performed during the stages.

In the third track, �Lukasz Ostrowski, Plamen Petkov, and Markus Helfert
examined various perspectives of data quality in a flexible service-oriented envi-
ronment. They presented a process that would assess data within service-oriented
environments based on business rules. The process was developed following de-
sign science principles, and they underlined the literature review perspective.
Philip Huysmans and Jan Verelst showed how normalized systems provide a
practical way of developing information systems, adhering to a sound theoret-
ical basis, through the so-called pattern expansion of software elements. They
describe a research project to design an analysis method geared toward the de-
velopment of normalized systems software systems using a the design science
methodology. While empirical methods are often integrated in design science
projects, there are currently no clear guidelines on how both research meth-
ods can and should be combined in a rigorous way. They explore a mixed-
methods research approach to provide a sound methodological approach for
their research project. Brian O’Flaherty, Simon Woodworth, Colm Thornton,
and Yvonne O’Connor’s paper addressed the challenge that although cloud com-
puting applications and services go hand in hand, there is no clear mechanism for
ensuring that the cloud applications are designed from the customer’s perspec-
tive. The paper shared early insights of an exploratory study seeking to define
a cloud service design theory leveraging service blueprinting as a means to en-
sure customer-centric design. The development of the proposed design theory
addressed both the artifact (in this case a predictive analytics cloud service) as
well as the process itself (the derivation and application of an evolved service
blueprint accounting for aspects specific to cloud services).
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The European Design Science Symposium is organized in conjunction with
the Innovation Value Institute, Ireland (www.ivi.ie), the Business Informatics
Group at Dublin City University (http://big.computing.dcu.ie/) and in associ-
ation with the Irish Chapter of the Association for Information Systems (IAIS).

We wish to extend our appreciation to our distinguished speakers and con-
tributors. We hope you will find the papers in this book interesting and valuable
and we hope they represent a helpful reference in the future for all those who
need to address challenges related to the design science mentioned above.

September 2013 Markus Helfert
Brian Donnellan
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Design Science: Valid Knowledge for Socio-technical 
System Design 

Joan E. van Aken  

Eindhoven University of Technology  
J.E.v.Aken@tue.nl 

Abstract. Information systems are socio-technical systems, i.e. complex 
arrangements of hardware, software, procedures, data and people. The literature 
provides ample design science to support the design of the technical 
components but much less so for the social ones. Main stream social science 
does not produce much design science as research in these disciplines is 
dominated by the paradigm of the explanatory sciences for which physics is the 
role model. In these disciplines there is as yet very little research on the basis of 
the paradigm of design sciences like medicine and engineering. The reasons for 
this include a fundamental methodological problem, which emerges if one 
wants to develop design science for the social world and which is not present in 
engineering and largely absent in medicine. It’s cause is human agency. 
However, this problem can be solved. This article will show how one can 
develop design science, i.e. valid knowledge produced by rigorous research to 
support designing, for the social world. The nature of the aforementioned 
methodological problem will be discussed, followed by a presentation of a 
research strategy by which one can overcome this problem. This strategy, 
objective and systematic social experimental learning, will be discussed and 
will be illustrated by some examples from the field of organization and 
management. Finally some suggestions are given on the development of design 
science for the social components of information systems. 

1 Introduction 

Information systems are socio-technical systems, i.e. complex arrangements of 
hardware, software, procedures, data and people (March and smith, 1995). The 
overall performance of an information system strongly depends on the quality of both 
its technical and the social components and on the quality of their interactions. 

The literature provides ample valid generic design knowledge (knowledge that may 
be called design science) to support the designing of the technical components of 
information systems. However, for designing the social ones there is much less design 
science available (Hevner, March, Park and Ram, 2004). One may get the impression 
from this that it is not quite possible to develop design science for the social world. 
The thesis of this article is that it is possible to develop design science for the social 
world by rigorous research, be it that the nature of design knowledge for the social 
world differs from that for the material world as are the strategies to develop design 
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science for these two worlds. The reasons for this include a fundamental 
methodological problem associated with the development of design science for the 
social world, a problem which is not present in developing design science for the 
material world. This problem is caused by human agency. 

In this article I will discuss the nature of this methodological problem and I will 
present a research strategy that can be used to overcome this problem. This strategy, 
objective and systematic social experiential learning, is in itself not new. It is 
essentially a series of case studies, often in Action Research mode. The contribution 
of formulating this strategy is in the first place the articulation of the reasons for using 
this strategy in developing design science for the social world, thus enabling 
researchers to optimize (and justifying) their research designs. 

In the next section I will discuss the nature of design science and in the subsequent 
one the nature of design science research and in particular the role of research 
paradigms in developing research strategies, including research strategies aiming at 
producing design science. This discussion will be illustrated by a few examples from 
my own field, organization and management. Section 4 will focus on research 
strategies for developing design science for the social world, starting with a 
discussion of the aforementioned methodological problem in doing so. Finally section 
5 will give the conclusion. 

2 Design Science 

‘Science’ can be defined as an academic discipline and as a body of knowledge 
(scientia being the Latin word for knowledge), i.e. valid knowledge produced by 
rigorous academic research. Design science as a body of knowledge can loosely be 
defined as a body of valid knowledge on designing: descriptive and explanatory 
knowledge of design processes as these can be found in the world. It can also be 
defined as knowledge for designing, knowledge designers can use to make their 
designs1.  

This distinction is often presented as one between descriptive and prescriptive (or 
normative) knowledge, but I don’t like the terms ‘prescriptive’ or ‘normative’, as they 
seem to originate from the old quest for the one best way of organizing. Of course, if 
you have found this one best way of organizing you’ll want to prescribe its use. 
However, the one best way of organizing is a mirage as effective ways of organizing 
are strongly context dependent, and even for a given context there are always several 
ways of effective organizing (for instance, a sound way of organizing can misfire in 
the hands of an incompetent manager, while a questionable approach may be 
successful in the hands of a competent or lucky manager). The contribution of 
academic research is not (and cannot) be to produce prescriptions to be followed 
unquestionably by practitioners, but rather to propose to the practitioner, dealing with 
a certain field problem, one or more possible generic interventions or solutions, 

                                                           
1  See e.g. Cross (1995), who makes a distinction between research into design, producing 

understanding of the design process, and research for design, producing instructions on how 
to design. 
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together with their indications and contra-indications and the evidence supporting 
this. This generic knowledge can then be used by the practitioner to design his/her 
specific intervention or solution for his/her specific field problem. 

In this article I will use both meanings of design science, starting with the second 
one. Design science, then, can be defined as a body of valid generic knowledge on how 
and what to design, produced by rigorous research. Design science thus can refer both 
to methodological issues, the ‘how’, and to substantive issues, the ‘what’. ‘Validity’ is 
used in this definition as a container concept, referring to the various characteristics of 
valid knowledge, like internal and external validity, reliability and controllability. 

Finally, with ‘rigorous research’ I do not mean something like ‘following universal 
principles and rules for high quality research’, but research following sound 
procedures and rules pertinent to the nature of the research question and the nature of 
the research object. So, rigorous research to determine, say, the speed of light, 
follows different procedures and rules than, say, research to determine the causes of 
the first World War or to develop design science to support the design of expert 
systems. The research strategy to develop design science for the social world 
presented below, objective and systematic social experiential learning, does not look 
like research in physics (by many considered as the mother of all (sic) sciences). I 
intend to show that it is well suited for the above mentioned research  question 
(develop design science) and research object (social systems). 

3 Design Science Research 

Design science research is research, aiming to produce valid knowledge for designing. 
Research paradigm issues play a crucial role in developing research strategies. By 
‘research paradigm’ I mean the combination of research questions asked, the research 
methodologies allowed to answer them, the nature of acceptable evidence and the 
nature of the pursued research products2. 

In IS-research two dichotomies are important: the explanatory versus the design 
science research paradigm, discussed by March and Smith (1995) and within the 
design paradigm the paradigm for developing design science for the technical 
components of information systems versus the one for developing design science for 
their social components (Hevner et al., 1995). I will elaborate below the dichotomy of 
explanation versus design (based on Van Aken, 2004 and 2005) and in section 4 the 
one of technical versus social. 

3.1 The Explanatory Research Paradigm 

The role model for explanatory research is physics and with it all natural sciences. But 
main stream research in most social sciences is also based on the explanatory 
paradigm.  
                                                           
2  In this I follow Lakatos’ thesis that academic research can be regarded as being informally 

organized in ‘research programs’, their members sharing a given research paradigm and 
through this defining characteristic using research strategies which are different from those of 
other research programs (Lakatos, 1991)  
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The mission of explanatory research is to develop understanding of the world that 
is. Research is driven by pure knowledge problems, like the question of how sunlight 
and rain produce a rainbow. Knowledge on pure knowledge problems is developed as 
an end in itself. The validity of this knowledge is justified on the basis of its 
explanatory validity. 

In this quest for truth, like true statements on the causes of a rainbow,  the 
researcher uses an observer perspective: the objective, disinterested observer. 
Students in these research programs or disciplines are trained by researchers to 
become researchers. The iconic research product is the, if possible quantitative, causal 
model in which some phenomenon is explained in terms of some independent 
variables. For explanatory research Newton’s laws of motion, with their elegant and 
simple quantitative formulations and their enormous explanatory power, are the 
example to follow. 

3.2 The Design Science Research Paradigm 

The role models for design science research are engineering and medicine. Design 
science research is interested in the world that can be, a better world. The mission of 
design science research is to develop knowledge, which can be used to improve the 
human condition by changing the world that is. Design science is knowledge as a 
means. The validity of design science research outcomes is justified on the basis of 
pragmatic validity: does the application of this knowledge (in the intended context) 
indeed produce the desired outcome(s).  

Research, of course, aims to develop knowledge, but design science research is not 
driven by pure knowledge problems, but by field problems. A field problem can be 
defined as a situation in reality, which according to (some or all) stakeholders can or 
should be improved, like the fuel efficiency of engines, the speed of microprocessors, 
the condition of cancer or heart patients, and traffic congestions. The researcher uses 
an actor perspective, the perspective of one or more actors or groups of actors that are 
in a position to use one or more interventions to solve the field problem (like 
engineers, medical doctors, entrepreneurs or politicians). Students in these research 
programs or disciplines are (primarily) trained to become professionals, able to use 
their knowledge to solve field problems. They are trained by professionals or ex-
professionals, who, therefore, understand the nature of professional work. An 
academic discipline for which design science research is main stream research can be 
called a design science (using the first meaning of the term design science). 
Engineering, medicine and IS-research can be regarded as design sciences. 

Design science research aims to produce knowledge to be used to change – 
intending to improve – reality. Compared to ‘disinterested’ explanatory research this 
involves many more ethical and political issues: is the intervention or system to be 
designed, further developed and field tested ethically desirable or acceptable and 
which parties can be expected to profit from the used of the new intervention or 
system and for which parties may their interests be harmed. For much design science 
research these issues are fairly trivial, for other design science research they can be 
very significant. The law, of course, may set clear constraints, but in many cases the 



 Design Science: Valid Knowledge for Socio-technical System Design 5 

stakeholders in the research in question have to decide among themselves on how to 
address these issues. 

Design science research can produce various kinds of research products, but the 
iconic one is the design proposition3, articulating for a given type of problem-in-
context a solution concept, together with the outcome(s) to be expected on application 
of this solution concept. For the understanding of the nature of design science 
research, the understanding of its key research product is essential. Therefore in the 
next sections this iconic research product is discussed, in subsection 3.3 at an abstract 
level, in subsection 3.4 by a number of illustrations. 

Table 1 gives a summary of the differences between explanatory and design 
science research. 

Table 1. The differences between explanatory and design science research (based on Van 
Aken, 2004) 

 
Explanatory research  (as in e.g. in 

physics) 
 

Design science research  (as e.g. in 
medicine and engineering) 

 
 

− driven by pure knowledge problems; 
observer perspective  

− mission: to understand, a quest for 
truth  
(knowledge as an end)  

− interested in the world that is  
− justification on the basis of 

explanatory validity 
− students are trained to become 

researchers  
by researchers 

− iconic research product: the causal 
model  
 

 

− driven by field problems, actor 
perspective  

− mission: to improve the human 
condition  
(knowledge as a means) 

− interested in the world that can be  
− justification on the basis of pragmatic 

validity 
− students are trained to become 

professionals  
largely by  (ex) professionals  

− iconic research product: generic 
solution and  
the design proposition 

3.3 The Design Proposition 

As said, design science research is driven by field problems. More precisely, a design 
science research project is driven by a type of field problem. Its key research product 
is a generic solution concept, i.e. a generic intervention or system that can be used in 
addressing the type of field problem in question. The solution concept is put into 

                                                           
3  In Van Aken (2004 and 2005) I use the term ‘technological rule’, drawing on Bunge’s 

philosophy of technology (Bunge, 1999). For purely rhetorical reasons I now prefer the term 
‘design proposition’: technological rule is too ‘technical’ for many in the social sciences and 
‘proposition’ is closer to what I want to convey than ‘rule’, with its suggestion of being a 
stringent instruction. 
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context by a design proposition, the solution concept constitutes the core of the design 
proposition. 

A design proposition follows the basic pragmatic theorem: if you want to achieve 
Y in situation Z, then perform action X. The core of the pragmatic theorem is the 
action X; in the design proposition this is the above mentioned solution concept. 

The most informative design proposition is the grounded and field tested one. 
‘Field testing’ means that the solution concept has been tested in its intended 
application domain. Design science is generic knowledge, but typically not universal 
knowledge. Rather it is mid-range theory, only valid in a specific application domain. 
Field testing is to provide the evidence for the pragmatic validity of the design 
proposition. 

‘Grounding’ means that the rule also gives an explanation on why this solution 
concept gives in this context the desired outcome. 

Design propositions can be formulated using the so-called CIMO-logic (Denyer, 
Transfield and van Aken, 2008). This format is based on the above-mentioned 
pragmatic logic and uses a combination of C (problem-in-context), I (intervention), M 
(mechanisms) and O (Outcome): for this problem-in-Context it is useful to use this 
Intervention, which will produce through these Mechanisms this Outcome.  

It is important to note that de CIMO-logic is just what it says, a type of logic. 
Actual design propositions need not to be formulated as one-liners. The size of given 
proposition can range from indeed a one-liner to an article, a report or a whole book. 
But in any case one should find a discussion of the type field problem and its typical 
context, the intervention (like an action, a series or arrangement of actions, the 
implementation of a type of management or information system, etc.), the 
mechanisms producing the outcome and the outcome itself (possibly having both 
desired and non-desired elements). Further information to be given can (and often 
should) include the evidence for its pragmatic validity (preferably including the 
results from field testing) and possibly some user instructions, including the 
indications and contra-indications for the use of the presented solution concept.  

3.4 Examples of Design Propositions 

In this section I will give five examples of design propositions. The first two very 
simple ones in order to get an impression of the logic of design propositions, the next 
three based on PhD-theses in the field of organization and management from 
Eindhoven University of Technology (which all can be downloaded from its website 
www.tue.nl).  

One: The context of the first one is a prison, the field problem being the need to 
prevent the inmates from escaping (C). The arrangement of interventions consists of 
using locked doors, windows with bars and guards (I), the mechanisms are the 
physical constraining of the movements of the inmates, and possibly some deterrence 
by the guards (M) and the desired outcome is no escapes (O). 

Two: The context of the second one is a car park, the field problem thefts from 
parked cars (C). The intervention the introduction of CCTV (I), the mechanisms 
deterrence of criminals, allocation of personnel to suspicious situations and less 
careless behaviour of parkers (M). The desired outcome less theft (O).  
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Note   
- that the first and third mechanism only function if the CCTV-system is well 

advertised. Knowledge of the mechanisms to be triggered by the intervention 
often is essential to design a specific intervention for a specific context  

- that the solution concept of introducing CCTV looks at first sight a quite 
effective intervention to reduce theft in a car park, but that actual field testing 
of this solution concept is needed to optimize this intervention and to get 
insight its indications and contra-indications  

- that the ambition of the developed intervention is not to solve the field 
problem in its totality, but only to produce a significant contribution to its 
solution. 

Three: This example is taken from Opdenakker (2012).The field problem is the 
desire to improve the performance of virtual teams in the field of product and process 
innovation (C). A virtual team is a geographically distributed teams, so a team with 
very limited face-to-face contacts between team manager and team members. The 
developed solution concept was a face-to-face kick-off meeting at the start of the 
project (I). This intervention was not expected to solve the whole field problem, but 
was intended to produce a significant contribution. The desired outcome (O) was an 
effective team, rather than good project performance as there usually are several more 
factors (including team external factors) impacting team performance than team 
management. Opdenakker found that the primary mechanisms (M) were 
empowerment (team members must be able to operate largely unsupervised, so need 
to be able to use much discretion in their actions), collective insight in the team task 
and collective commitment to make the project a success. Knowledge of these 
mechanisms is essential to design a good kick-off meeting: in order that the desired 
outcome is to be realized the kick-off meeting must be much more than a ritual; it 
must be designed in such a way that these mechanisms are triggered.  

Four: This example is taken from Menzel (2008) and shows the variety of possible 
solution concepts. The field problem is desire to improve the innovativeness and 
entrepreneurship of well-established industrial companies. One strategy to do so is the 
promotion of intrapreneuring, stimulating staff at various levels to come with 
initiatives for new business outside present lines of business. This involves a 
dilemma: on the one hand new business is welcomed, while on the other business 
outside present businesses clashes with many established procedures and interests. 
Menzel developed and tested a role-play, based on a case in which intrepreneuring 
was introduced in a company, to be used by companies wanting to do the same. By 
playing this role-play the participants, both managers and professionals, can get a 
first-hand  experience of both the potential and the pitfalls of entrepreneuring, 
including the above-mentioned dilemma. After the role-play serious discussions could 
be had to detail the introduction of this new approach (new to the company). 

In CIMO-terms the field problem was the desire to improve the innovativeness of 
an industrial company (C), the intervention (I) was having this role-play played, the 
direct outcome of this intervention (O) an increasing awareness  of the various aspects 
of intrapreneuring, an intrapreneuring favourable culture and a collective commitment 
to make it a success. The mechanism (M) to produce these outcomes was experiential 
learning (a mechanism difficult to trigger by other means, short of actually doing it). 
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Note that, as in example two, the intervention does not solve the field problem in 
its totality. This is often the case in design science research. The desired outcome 
may, like the improved innovativeness of the company in this example, be subjected 
to many influences, several outside the scope of possible interventions. Therefore it is 
difficult, if not impossible, to rigorously prove the impact of a given intervention on 
this ‘bottom line variable’ (unless, of course, one has a sufficiently large number of 
cases to do valid statistical analyses). In such cases the approach is to develop an 
intervention which produces a direct outcome, for which the intervention-outcome 
relation can be proven and for which there is a plausible argument that this direct 
outcome will have a significant impact on the desired ultimate outcome (like 
innovativeness in this example), without having the scientific obligation to determine 
how much this impact will be. 

Five: Finally, the last example refers to the involvement of end users in product 
innovation (Weber, 2010 and 2011). On the basis of a number of own cases, 
combined with extensive research synthesis, Weber developed 28 design propositions 
on how to involve end users in product innovation, both in the industrial and the 
services sector. A few propositions dealt with the overall strategy of involving end 
users and the other ones gave propositions with respect to deal with specific issues, 
like how to find interested end users, how to motivate them and how to feed the ideas 
received in an effective way into the company’s innovation process.  

3.5 The Swamp of Practice 

A design proposition with its embedded solution concept is generic knowledge. On 
application to solve a specific field problem (belonging to the type of field problem 
for which the solution concept in question has been developed) these have to be 
contextualized (so redesigned) by the practitioner. This requires in depth knowledge 
of the specific context and, furthermore, professional competence and creativity. 
Solution concepts are not developed for the layperson but for professionals. 

In his insightful book The Reflective Practitioner (on professional work in the 
social world like organization design and change or psychotherapy) Donald Schön 
(1983) has made a distinction between the high ground of theory and the swamp of 
practice. Design propositions and solution concepts are the result of analysis and 
design on the high ground. On this high ground the researcher cannot and should not 
take into account all the details, interferences and turbulence of working in the 
swamp. The ambition of design science research in the social world is not to dampen 
the swamp but to provide here and there some solid ground from which to proceed. 

4 Design Science Research in the Social World 

4.1 The Fundamental Methodological Problem for Design Science Research 
in the Social World 

Actions to create a world that can be cannot be logically derived from specifications 
or other inputs. They have to be designed and designing involves abduction,  
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a creative jump – large or small – from the various inputs to the design process to 
something new. 

Designing is done in synthesis-evaluation iterations. The synthesis step involves 
the above-mentioned creative jump to a design, a possible solution of the design 
problem at hand, after which the evaluation step establishes whether or not the 
synthesized design satisfies the specifications for that design. Apart from the 
competence and creativity of the designer(s), the quality of the synthesis strongly 
depends on the quality of the inputs to the design process, like problem analysis, 
context analysis, design specifications and generic knowledge on the design issue at 
hand. However, one cannot justify a design on the basis of these inputs like one can 
logically justify the validity of an answer to an explanatory question on the world that 
is by describing the way one has found this answer. For designs the justification is not 
from question via research design to answer, but the other way around: from design 
(the answer to the design question) via evaluation or (field) testing, showing that the 
design meets the specifications (the articulation of the design question)4.  

The quality of a design depends on the quality of the designers and on the quality 
of the inputs to the design process, but the rigour of the design science research 
process is determined by the quality of the evaluation, establishing the pragmatic 
validity of the design. The basic scientific claim of a design proposition is that its 
application will indeed produce in the given context the desired outcome. So the core 
issue in the evaluation of design propositions is the prediction of outcomes of 
interventions (or the performance of new systems). The royal road to this is field 
testing, testing of an instantiation of the design in its intended field of application.  

In the material world this prediction through field testing does not pose specific 
methodological problems, different from methodological issues in developing valid 
explanations. The reason for this is that in the material world there are invariant, 
universal, individual behaviour determining mechanisms. An electron does not have 
the freedom to act tomorrow differently from today, nor in New York differently from 
Amsterdam. A machine, developed, assembled and tested in Helsinki, will work next 
month likewise in Dublin. Through these mechanisms in the material world the test 
results on one instantiation of a given research product (for which standard analytical 
methodologies of explanatory research can be used) can be readily generalized to 
other times and places. 

This applies to engineers and to some lesser extent also to medical doctors5. 
However, in the social world there are no universal, invariant, individual behaviour 
determining mechanisms. Therefore, the prediction of outcomes of interventions in 
the social world is difficult. In the social world the evaluation of one application of a 
design proposition in the social world cannot simply be generalized to other times and 
places. This is the fundamental methodological problem of design science research in 
the social world. It is caused by human agency. 

                                                           
4  See van Aken, Berends and van der Bij (2012) for a further discussion of the design process. 
5  This ‘lesser extent’ is due to the fact that in testing interventions medical doctors deal with 

living material of which there are never exact copies in other times and places, so they need 
RCT’s or other sophisticated research designs to generalize test results. 
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4.2 Research as Experiential Social Learning 

Even if there are no behaviour determining mechanisms in the social world there are 
regularities and patterns in social behaviour. In fact, the prediction (within certain 
ranges) of the behaviour of other people in response to one’s own behaviour is an 
almost universal human competence. Without this competence intentional social 
behaviour would be impossible. The extent to which this competence is universal can 
be seen in people, lacking this competence because of an autistic disorder. 

This competence is developed by personal social experiential learning, learning 
from personal experiences6. It is subsequently applied through case-based reasoning: 
the present setting is compared – typically unconsciously – with similar prior 
experiences and a line of action is chosen on the basis of the outcomes of the actions 
in these previous experiences. This makes that this mode of personal learning is 
limited by the scope of one’s personal experiences: outside this scope the competence 
of predicting human behaviour is much less, as can be seen when acting in a very 
different culture than one’s own.  

Personal experiential social learning was the basis of teaching in business schools 
at the time they were still more or less trade schools: most teachers were experienced 
managers ‘telling the boys how I did it’, implying that their students just had to 
imitate their behaviour to be successful. However, experiential learning can also be 
done at an academic level: objective and systematic experiential social learning. 
Through this research strategy one can learn what the outcomes of certain types of 
interventions in various social settings can be.  

Research as experiential learning is learning on the basis of series of case-studies 
with detailed descriptions and analyses of problem, context, interventions and 
outcomes, giving deep insight in these elements and in their interrelations. ‘Thick’ 
descriptions, as opposed to the strongly reductionistic models of quantitative research, 
are needed to make the case-studies into real social experiences. So the strategy 
involves series of rigorous case-studies on a certain type of field problem, using a 
certain type of intervention of system to address this field problem. These case-studies 
can be executed in ‘Action Research mode’, in which case the researcher is involved 
in developing and testing the intervention, but the researcher can also take a more 
observer role, observing how others develop and use interventions to address the field 
problem. 

The research is to be made ‘objective’ by using the various methods of rigorous 
case-studies, like controlled observations, triangulation, ‘thick’ descriptions, careful 
cross-case analyses and member checks and by alfa- and beta-testing of the developed 
interventions or systems. 

Experiential learning through series of case-studies involves working alternating in 
the practice stream and in the knowledge stream (Andriessen, 2007). In the practice 
stream one operates in the swamp of practice on a specific example of the type of 
field problem one wants to address, interacting with the various local stakeholders as 
they are solving their specific problem. In the knowledge stream one operates on the 
high ground of generic theory to generalize the findings of the various individual 
                                                           
6  See e.g. Kolb (1984) on the power of experiential learning. 
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case-studies through careful cross-case analyses. Interacting with other researchers 
and with practitioners interested in developing generic theory one tries to establish 
what is case-specific on the one hand and what can be learnt from these cases for use 
in other settings on the other. 

Like in personal experiential learning the application of what has been learnt is 
done through case-based reasoning. The outcomes of interventions are predicted on 
the basis of a qualitative comparison with interventions in similar settings, somewhat 
like judges using case-law in determining verdicts7. 

4.3 Discussion 

Research on the basis of series of case-studies certainly is not a new one, nor if these 
are carried out in Action Research mode in which the researcher actively is involved 
in designing and implementing interventions (see e.g. Sein et al., 2011). The intended 
contribution of the argument presented here is the articulation of the reasons for using 
this strategy for design science research in the social world and an articulation of the 
rigour in design science research for the social world, thus providing researchers a 
starting point for making their own research designs and for justifying them for the 
academic forum. 

This research strategy of objective and systematic experiential social learning is to 
be used in cases where the impact of the social behaviour on the outcomes of 
interventions is significant. If this is not the case, other means for data capture and 
analysis may be better suited. For instance, if one is developing an inventory control 
system for which users still are expected to use much discretion in placing their 
orders, one instantiation of the system cannot readily be generalized to other times 
and places. In this case a learning strategy may be appropriate. If, however, its users 
can be expected to follow its order suggestions closely, one can make a quantitative 
model of the inventory system and analyse its behaviour by calculus or simulation. 

One may also want to use quantitative methods if the intervention-outcome is non-
complex, e.g. when both intervention and outcome can be described by one or a very 
limited number of variables instead of by complex social ‘Gestalts’. This can, for 
instance, be the case if one is interested in the impact of a price decrease on sales. 

But the choice of a learning strategy instead of other ones, including quantitative 
ones, ultimately depends on whether one has a large N or a small n research question: 
a leaning strategy is especially appropriate if one has a small n question. Large N 
questions tend to lead to quantitative research designs (and often data capture through 
surveys), resulting in a ‘science of the average’; small n questions need answers of a 
‘science of the particular’. Large N answers may turn on application into small n 
questions. For instance, if large N research has resulted in a decision that a significant 

                                                           
7  Case-based reasoning, that is making judgements through qualitative comparisons of a given 

case with prior cases, is also used in engineering design for evaluating designs of a 
complexity that makes more formal evaluation impossible (see e.g. Leake, 1996, and Watson, 
1997). 
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price decrease is desirable, this may turn into a small n question on how to do it in a 
given market with specific customers, competitors and regulators.  

Professional work in the social world typically needs science-of-the-particular 
answers, but may be informed on general tendencies by science-of-the-average 
answers. Researchers, only using an observer perspective, tend to limit their interests 
to science-of-the-average questions (which often may be answered by quantitative 
causal models). An actor perspective typically leads to science-of-the-particular 
questions, which may rather be answered via a learning approach.   

5 Conclusion 

To date the design science available to support the design of the social components of 
information systems is too limited (Hevner et al., 2004). In this article I have shown 
that it is possible to develop such design science through rigorous research and I have 
discussed how to do this through a learning strategy. As long as the social sciences do 
not produce much design science for their field IS-researchers will have to do it 
themselves with respect to the social components of their information systems. 

With respect to the technical components one instantiation is a valid research 
product as in the material world one instantiation can be generalized (within a certain 
range) to other times and places. This is possible because in this world there are 
invariant, universal and individual behaviour determining mechanisms. Human 
agency makes that such mechanisms are not present in the social world. Because of 
this one instantiation of an information system produces with respect to its social 
components rather anecdotal evidence. But by using a rigorous learning strategy, 
more specifically objective and systematic experiential social learning, one can 
develop valid design science for the social components of information systems, 
possibly in the form of field-tested and grounded design propositions. 
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1 The Dependent Variable in Design Science Research 

Current thinking in design science research (DSR) defines utility as the primary 
research goal (e.g. [1, p. 80]). In this context, the close relationship of utility to 
practical usefulness is emphasized. With a goal to increase the impacts of DSR, the 
search for the dependent variable in DSR requires some rethinking. A pair of 
alternative dependent variables can be considered: design fitness and design utility. In 
the case of fitness, we focus on its biological meaning—the ability of an entity to 
reproduce itself and evolve from generation to generation. In the case of utility, rather 
than viewing it as being roughly equivalent to usefulness, we focus on its meaning in 
fields such as economics and decision sciences, where it serves as the basis for 
ranking decision alternatives. Naturally, usefulness plays an important role in 
determining both fitness and utility. Neither of these variables, however, is solely 
determined by usefulness. Indeed, we believe that understanding the relationship 
between the three variables via a new fitness-utility model complements current 
thinking and provides important insights into the nature of design science.  

2 Fitness and Utility 

How best to understand and evaluate the artifact in DSR is explored. Two concepts 
from other disciplines for this task are fitness (biology) and utility (economics).  

 
Fitness 
To understand fitness, it is useful to begin by proposing two alternative definitions of 
the fitness of an organism: 

Fitness Definition #1: The fitness of an organism describes its ability to survive at a 
high level of capacity over time.  

Fitness Definition #2: The fitness of an organism describes its ability to replicate and 
evolve over successive generations. 

Which definition of fitness you prefer likely depends on your perspective. If the 
individual in mind were our personal physician, we would strongly prefer he or she 
focus on definition #1. Terms such as physical fitness, mental fitness and emotional 
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fitness all correspond to this general class of definition. If, however, the individual 
were an evolutionary biologist, definition #2 would be overwhelmingly preferred. An 
organism lacking the capacity to reproduce and evolve rapidly goes extinct. Thus, we 
will refer to the second definition of fitness when we use the unqualified term.  

Utility 
Similar to fitness, the term utility is used in a number of ways. When we consider the 
utility of a tool, we are normally referring to its usefulness. As currently used in the 
context of DSR, that is the prevailing meaning. Hevner, et al. [1, p. 83] state: “The 
utility, quality, and efficacy of a design artifact must be rigorously demonstrated via 
well-executed evaluation methods.” This implies utility to be a characteristic of the 
design and its intended application context. Economists, on the other hand, employ 
the term utility in a different way. Specifically, they posit each individual to have a 
utility function that can be used to rank choices in the context of decision-making. 
The assumption that individuals seek to maximize utility is, in fact, foundational to 
the field of economics. When we employ the term utility in the rest of the paper we 
assume its economic meaning and further assume that it represents a complex 
function that is not adequately described by the single usefulness dimension. 

3 Relationship of Fitness, Utility, and Usefulness in Design 
Science 

The concepts of fitness and utility can readily be applied to the design of systems. 
Design artifacts perform two key roles in the design search process: 

1. They provide evidence that a particular design candidate is feasible, has value, 
can be effectively represented, and can be built. This serves to help us better 
understand the shape of the design fitness landscape, moving combinations from 
the unknown to the known category. 

2. Through careful evaluation, they provide a basis for choosing between alternative 
designs. 

The first of these directly impacts our knowledge of design fitness. The second 
refines our estimate-of-fitness that is a basis for choice; it therefore involves changing 
our utility function through learning. 

Where design systems differ from biological evolution is in the role played by 
intentionality. In the design space designers intentionally concentrate on areas of the 
design fitness landscape where promising candidates have been identified. What that 
means is that while utility serves as an estimate-of-fitness for design artifacts, it also 
feeds back into the fitness landscape itself since a low fitness evaluation for a 
particular design candidate will discourage further investigations into nearby regions 
of the design landscape. This, in turn, reduces the fitness of those regions since 
placing less effort into building artifacts based on a particular design will necessarily 
reduce the flow of future artifacts based on that design (which is how we define 
fitness). Moreover, the shape of the utility function is likely to be guided by two 
forces: the nature of the evaluation artifacts being studied and by actual experience 
from artifacts developed for use. Thus, the experience of artifacts placed in practice 
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has the ability to impact the design fitness landscape just as evaluation artifacts do. 
Thus the new fitness-utility model can re-frame DSR as follows: 

 
The goal of DSR is to impact the design space so as to ensure a continuous flow of 
high fitness design artifacts. This impact is accomplished in two ways: through the 
production of artifacts that demonstrate the feasibility of new designs and through 
improving the utility function that we use to assess the fitness of evaluation artifacts. 

4 DSR Evaluation under the Fitness-Utility Model 

The most interesting and extensive changes resulting from the new Fitness-Utility 
would be in our understanding and application of the evaluation of the design artifact. 
The evaluation would be based on a more extensive and detailed utility function that 
estimates the fitness of the artifact. 

The fitness-utility model recognizes a large number of characteristics (i.e., design 
attributes) that could potentially impact design fitness. These are illustrated in Figure 
1. As the intersecting ellipses suggest, we continue to expect “usefulness” to play a 
major role in design fitness. The area within the fitness ellipse outside of the 
intersection with the usefulness ellipse reflects other characteristics that can impact 
fitness that are not a direct consequence of usefulness (although they may be 
correlated with it). The specific characteristics listed in Figure 1 are intended to serve  

 

 

Fig. 1. Design Candidate Fitness Characteristics and Usefulness 
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as a preliminary list. These characteristics serve one or more purposes that help to 
support sustainable growth of designs over time: 

1. They support the design’s ability to evolve incrementally; 
2. They encourage experimentation by users and other designers; and 
3. They are effective memes meaning that they contain ideas of a form that 

propagate and replicate. 

Each of the listed characteristics in Figure 1 is briefly discussed here, again 
emphasizing that this list is exploratory, and not intended to be complete. For each 
characteristic a brief argument is made as to why it should be included in a design 
artifact’s utility function. A fuller discussion is found in [2]. 

Too Useful? – It can be very expensive to transition from one design to a very 
different design. Over the long term, however, the highly useful proprietary design 
that cannot easily adapt to the changing landscape represents an evolutionary dead 
end. As such, it is not be considered a high-fitness design. In fact, the tendency of 
organizations to stick with designs that have proven useful is a well-documented 
phenomenon known as the Innovator’s Dilemma [3].  

Decomposibility - The seminal work that launched the study of design science is 
Herbert Simon’s The Sciences of the Artificial [4]. The second half of the book is 
largely devoted to explaining why systems tend to evolve from nearly decomposable 
subsystems. Indeed, even under the existing DSR goals, decomposability is likely to 
exert a strong influence on design quality and would therefore be evaluated as part of 
the design. In addition, such systems tend to be easier to construct, since work on 
individual components can be conducted separately.  

Malleability - Often enhanced by decomposability, the malleability of an artifact 
represents the degree to which it can be adapted by its users and respond to changing 
use/market environments [5]. User-malleability can be divided into levels, such as 
customization, integration and extension. Here customization refers to the ability of a 
design to be tailored to a user’s preferences. Integration involves the ability to 
conveniently share the capabilities of one artifact with another, creating a resultant 
artifact with capabilities beyond those of either original design. The ability to create 
mash-ups of web components on a single page is an example of this capability. 
Extension means adding new capabilities to an artifact. 

Openness - Another design characteristic that has the potential to impact design 
fitness is the degree to which artifacts are open to inspection, modification, and reuse. 
Open designs—particularly when combined with decomposability and malleability—
encourage further design evolution by making it easier both to see how an artifact is 
constructed and to modify existing components of the artifact.  

Embeddedness in a Design System - We would expect design artifacts that are the 
product of a sustainable design system environment to evolve more rapidly than 
artifacts that are produced in a context where design is an unusual activity. A design 
system can also manifest itself as a community of users and designers, providing 
contributors with intrinsic motivation to contribute. 
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Novelty - A design may be considered novel if it originates from an entirely new 
region of the design space. Once such a design candidate has proven viable, other 
design candidates from the same region are likely to follow in an attempt to locate the 
local peak on the fitness landscape. A genuine new invention is a difficult goal for 
DSR research projects and we can expect few research contributions to be true 
inventions. [6] However, exploration for new ideas and artifacts should be encouraged 
regardless of the hurdles. 

Interestingness - Normally, a design artifact is created in order to explore or 
demonstrate some specific purpose. From time-to-time, however, an artifact may 
demonstrate unexpected emergent behaviors that are worthy of subsequent 
investigation and the creation of subsequent artifacts. An artifact may also be 
constructed in an unexpected way that intrigues other designers or design researchers. 
We characterize such designs as interesting. Broadly speaking, the benefit of an 
interesting design is its propensity to diffuse.  

Elegance - In many areas of design, such as architecture, consumer products and 
apparel, there is an ongoing tension described as form versus function. Function 
relates to practical usefulness. Form, in contrast, describes aesthetic elements such as 
appearance that do not necessarily serve a useful purpose, yet nevertheless increase 
the user’s utility. The characteristic of an IS design artifact that corresponds to form 
might best be referred to as elegance. Like quality, elegance is hard to define in a 
rigorous manner and yet characteristics that might be associated with it—such as 
compactness, simplicity, transparency of use, transparency of behavior, clarity of 
representation—can all lead to designs that invite surprise, delight, imitation, and 
enhancement. Equally important, they can cause a design artifact whose usefulness 
has yet to be demonstrated to endure.  

5 Conclusions 

The fitness-utility model for design science research is viewed as a complement to the 
existing usefulness model, rather than as a competitor. The two models focus on 
different objectives, are most applicable to different artifacts, tend to examine 
different units of analysis, are appropriate for different time horizons, are likely to 
employ different research methods, and will tend to be of greatest interest to different 
client constituencies. An understanding of the factors contributing to usefulness is 
central to the fitness-utility model. Many factors outside of usefulness may contribute 
to fitness, but we expect usefulness will typically prove to be an important factor in 
most design settings. Nevertheless, we believe the fitness-utility model for DSR is  
too important to ignore. It is our goal to alert researchers and reviewers of  
these differences and offer some justification as to why they are necessary. In doing 
so, it is our hope to stimulate future DSR thinking along the lines of the fitness-utility 
model.  
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Abstract. In this study we examine the sharp distinctions made in Pandza and 
Thorpes [1] BJM paper between deterministic and path creation modes of 
design science activity. This investigation will be presented through a single 
case study that examined the process of strategy formulation for ‘innovation’ in 
the operating company of a multinational organisation that embodied both 
social and technical activity. The context of strategy and strategy formulation is 
an apt sphere to investigate this subject space as strategy attempts to determine 
the future of objectives of the firm through both social and technical activity. In 
building upon Pandza and Thorpe’s proposition, it is argued here that through 
the process of strategy formulation as a design science, actors traverse between 
the two modes of design activity to achieve an outcome. We will highlight that 
this process has a higher degree of inter-relational complexity than previously 
envisioned. 

Keywords: Design Science Theory, Deterministic design, Path-creation, 
Strategy formulation, case study.  

1 Introduction  

Many academics have attempted to theories the design process in order to explain and 
understand the various aspects of design practice. Since the 1960’s, many facets of 
design and designing have been investigated such as: the management of the design 
practices, the configuring of a design problem, the nature of design activity, the 
philosophy of the design and design methods [2]. Despite these investigations, as of 
yet, a comprehensive and agreed upon description has yet to be developed [3]. 
Similarly, there is no right or singular approach to design that can be universally 
applied across industry and occupation. Recent research conducted by Eckert et al, [4] 
suggests that with regards to the development of a technical artefact, design practices 
across various industries are broadly similar in nature, with variance occurring in 
relation to emphasis on particular activities. Eckert et al, [4] also suggest that 
variances in design process can be fewer across industries when compared to those 
within the same industry. However, descriptions such as this are made at a high level 
and often serve little use in the practical application of design as they do not provide 
any detail of the process of design. Lawson (via Wyn and Clarkson 2005[5]) 
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describes such research as follows ‘… about as much help in navigating a designer 
through his task as a diagram showing how to walk would be to a one year old… 
knowing that design consists of analysis, synthesis and evaluation will no more enable 
you to design than knowing the movements of breaststroke will prevent you from 
sinking in a swimming pool’.  

Since the strategy formulation process came to the fore in the mid 1980’s a number 
of case studies e.g.[6,7] have highlighted that strategy formulation process rarely 
conforms to the idealistic linear model, i.e. input through to output. These case studies 
have shown that the strategy process itself is an evolving progression with many 
twists and turns where the final outcome may not resemble what was initially 
envisaged. Rumelt [8] suggests this could be as a result the ‘ill-structured’ nature of 
the strategy process itself, where vague, uni-dimensional policies lead to complex 
problem solving activities with no predefined method for clarification. Contemporary 
business models emphasize speed and agility with the ability to think broadly and 
opportunistically at all levels [9]. Detailed long-range plans focused on achieving the 
‘correct’ answer [10] are no longer seen as the key to success [11]. Traditional 
econometric-led approaches to strategy formulation, i.e. the analysis of both the 
internal and external environment in a highly artificial way via use of snap-shot 
techniques are regarded as ill-equipped to keep at pace with the modern business 
setting [9]. This is due to the presentation of data to the strategist within a codified 
knowledge in a number of formats. 

Liedtka and Mintzberg [12], suggest that the ‘design’ approach moves beyond the 
sterility of traditional methods and inserts speed and flexibility; viewing the world as 
fluid and evolving. Having the ability to develop strategy in the modern business 
environment needs a change of focus and mind-set; moving away from incremental 
percentage growth setting and towards creating the ability to shape and respond in a 
continuous and interactive way. To achieve this, the business outcome approach taken 
to strategy formulation has to be conducted in a similar vein. Like the approaches 
taken by for example, designers and architects; approaching strategy should be seen 
as a stepping-stone process that continually evolves as each goal is achieved [13] 
while maintaining a perspective on larger overarching goals. As the process matures, 
new dynamics occur thus forcing the strategy itself to evolve. This evolution should 
be seen as par de course and not as an issue. The focus of achieving the ‘correct’ 
answer with a specific focus has its merits and has achieved many results. This 
however, assumes that the world in which the strategy is being developed for, is 
constant and ever-changing. Conversely, numerous examples exist proving this is not 
the case. Strategy as design assumes that the world is ever changing and that each 
‘answer’ is a stepping-stone to the next. Designing often necessitates a wide 
perspective to an issue often including a variety of perspectives and foci, e.g. 
aesthetics, functionality, economic and socio-political dimensions of both the design 
artefact and, the design process itself. 

2 Theory Background  

Academic interest in the area of management as design is in its infancy. In ‘The 
science of the Artificial’, Simon [14] calls for management to further its knowledge 
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about design and design process as a method towards understanding and solving 
managerial issues. In ‘Managing as Designing’, Boland and Collopy [10] draw 
several parallels between both management and design with consideration given to 
striking a balance between having a decision attitude and a design attitude.  However 
as Dunne and Martin [13] note, ‘the idea of applying design approaches to 
management is new and, as yet, largely undeveloped’. This stipulates that further 
empirical and theoretical research is required ‘to understand the scope of the concept 
and its potential’ ibid.   

When reviewing the works of Simon, Pandza and Thorpe [1] pose a number of 
interesting questions about the nature by which different artefacts emerge and how 
prone different types of design are to the acceptance of rules. The first of these is 
deterministic design, which has synergies with professional engineering, through 
which all design decisions made by the designer determines the structure, behaviour 
and performance of the artefact. Each decision is based on pre-existing knowledge in 
a form that has been codified and prescribed. The second of these is path-dependent 
design, which is akin to evolutionary design in engineering, whereby artefacts 
develop gradually as a result of experimental learning or trial and error. This is 
interesting, as it demonstrates prolonged difficulties that exist with regards to the 
implementation of heuristics and design rules in technical and social design; as this 
was the primary focus of the design methods movement which disbanded and referred 
to as a ‘wicked problem’ [15, 16]. The prescriptive power of this approach lays not so 
much in the use of design principles informing interventions, as in identifying 
limitations of decision-making and processes as a result of managing ambiguity due 
to designer limitations driven by their own biases [17]. Path-creation is the final 
perspective identified by Pandza and Thorpe. This view is similar to that of radical 
design in engineering. The application of this approach is best suited to those 
problems that are fuzzy [18], ill structured, with a high degree of unknowns that are 
fundamental to the advancement of a concept; In other words, an un-structured 
approach to building an unknown solution to an ambiguous need. In practice, the 
agent is the driving force in the search for novelty and in doing so, identifying the 
processes through which an organisation can secure its current and future position. In 
this mode, the designer or design team use of their embedded imagination creates 
uncertainty by design decisions as it opens up issues of traceability and repeatability. 
Through this mode, things begin ‘fuzzy’ and become clearer as a result of cycles of 
iteration. The prescriptive power of this approach is the identification of processes 
that enable amenability of evolutionary mechanism to serve the purpose of design.  

3 Methods  

Academic interest in strategy formulation has declined since the 1980’s, but its 
industrial application has not, with 88% of companies surveyed using strategic 
planning as a means to plot their future needs and requirements [19]. Current thinking 
in this area is based largely upon superficial depictions of strategy practices founded 
upon retrospective qualitative interviews and quantitative questionnaire data [20]. 
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This renders the question as to why academic interest or at least output has declined? 
Could it be due to limited access to organizational strategy formulation practices? 
Then, the question arises as to why academics are unable to gain access in order to 
study this phenomenon? Is it a confidentiality or trust issue? The model of 
engagement is presented here as possible means by which further research of the 
phenomena could be developed.  

3.1 Case Award Partner  

Through and EPRSC CASE award, a research alliance was established between Leeds 
University Business School and BULBz. The scope of this research is based within 
the context of an operating company of a multinational national conglomerate that is 
primarily located within the UK utilities sector. BULBz is a tier one company within 
the utilities market i.e. it is a business-to-business supplier, facilitating the provision 
of product from business-to-customer. The UK utilities sector can be broadly divided 
into three different sectors: water, power and gas. BULBz operates across the three 
utility sector divisions, in which it facilitates the provision of water, power and gas 
through the constructing and embedding of the equipment required to transport these 
commodities.  

Building on success of a number of technical innovation activities, an innovation 
hub was formed in 2007. Technical innovation at this point, was on the periphery of 
the organisations primary strategic focus. Consequently, it did not receive any specific 
long-term goal aspirations, and therefore it maintained its function on an ad-hoc basis. 
Technical innovation used an emergent strategy driven by the need of a customer, 
while receiving little organisational push from outside the division. The strategies 
utilised by the department were emergent in themselves, thus developing unique paths 
in the creation of technologies with relative levels of success.  

With shifting markets and evolving customer focus, ‘innovation’ became a key 
driver for the future ambitions of the company as a whole and was seen to be a key 
mechanism in maintaining the current customer base, in addition to attracting new 
prospects base. This has led the organisation to attempt to formalise its innovation 
activity at through a deterministic mode both a macro and micro level. The objective 
was to enhance the ability to innovate in a predictable way, via the formation of 
heuristics for technological development and pathways. With each operating division 
tasked to improve innovative capabilities the first step being the development of a 
short-term strategic plan for ‘innovation’. Each director subsequently engaged with a 
senior manager within each division to foster a strategy. This research has engaged 
one department’s attempts to develop a strategic plan for innovation.  

Innovation has been recognised as important facilitator in economic growth [21]. 
However, much is yet to be understood with regards to the different social 
mechanisms driving and impeding innovative practices across industries. The utilities 
sector in particular has been shown to have an innately unique set of characteristics 
with regards to innovation practices and approach when compared to other UK 
sectors [22]. BULBz have long since been recognised as a leading technical 
innovating company within this sector. BULBz however, have recognised the need to 
improve social mechanisms that facilitate these innovative capabilities.   
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3.2 Action Research Framework  

Research was gathered through a two-stage method. An initial study to understand the 
key perspectives actors have on innovation and, the fundamental factors influencing 
their innovation practices on both a macro and micro level. Interviews were 
conducted throughout the organisational hierarchies and across various operating 
divisions all of which are connected by a single technical innovation hub. The 
findings from the initial study were then used to inform and direct a larger research 
agenda focused on the formulation of a medium term strategy for the innovation 
agenda of the organisation. 

The primary approach taken in observing strategy formulation was action research. 
The action research approach engages with the organisation and participates in the 
development of a solution to a specific issue. In the context of this research project, 
the strategy manager took the role of primary designer, with the academic acting a 
quasi-team member-come-consultant. This provided the means to directly observe 
and intervene in the strategy formulation process. This approach has congruence with 
Scheins [23] model of action research, known as clinical inquiry. The clinical inquiry 
approach involves the researcher participating in the clients’ inquiry process; in this 
case the client is the driving force [24]. In contrast to a typical research programme 
with a clinical inquiry framework, the practitioner identifies a need for change and in 
consultation with an academic partner to investigate an agenda.  

It must be noted that the focus on strategy and strategy formulation within an 
innovation context was not the original focus of this research project, however due to 
the collaborative nature of this engagement and the serendipitous alignment of 
agendas, a refocus was agreed upon and executed. The nature of this approach allows 
for such actions to take place but raises questions about degrees of flexibility in the 
design process and the relationship between the two parties.  

The early and prolonged engagement allowed for a deep understanding of both the 
historical and current relationships between the three operating organisations.  Despite 
there being little crossover in everyday business activity, within an innovation 
context, attempts were made to make a cohesive push in a unified direction in a bid to 
develop novel artefacts as a result of cross pollination of expertise from the varying 
disciplines. However due to legacy issues presenting themselves as cultural distrust 
among the various divisions and different modes of working, this vision failed to 
materialise. At this juncture, each division was independently challenged to develop a 
short-term strategy for innovation activity. 

From this point, the lead author took an active role in the development of a strategy 
for the water and gas division of the organisation; this was led by the organisation’s 
innovation and strategy champion. As previously noted, this approach consisted of the 
academic taking a secondary supporting role which facilitated first-person real-time 
observations to be conducted; accompanied by regular ad-hoc interviews to gauge 
why certain decisions were being made.  
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4 Findings and Discussion 

In the theoretical paper by Pandza and Thorpe [1], a sharp distinction was made 
between different forms of design: deterministic and path-creation. They highlighted a 
number of pre-condition characteristics in the deterministic design science process i.e. 
finite time horizon, the sequence of the design process and the knowledge available. 
In this case, these were evident. However, in reality, interesting tensions are apparent 
where gaps exist if the pre-conditions are not fully met and as will be demonstrated in 
this case study. To be highlighted over the course of the development of a social 
artefact, the engagement between the deterministic and the path-creation models are 
not as clearly defined as previously envisioned. What was observed within this case 
was an approach that engendered characteristics of both deterministic and path-
creation approaches; this was due to the need and desires to create novelty. There 
were aspirations to create ‘a game changing space’ that would break from the 
traditional Lean processes approach which was customary in previous strategies, but 
in creating this novelty, an element of the known existed that at times, necessitated a 
need to take a path-creation approach. To demonstrate the ebbs and flows between the 
deterministic and path-creation modes, the strategy formulation process is broken 
down into a three-phase process, where in this case, the completion of the strategy is 
seen as its delivery for further deliberation with senior executive; and not 
implementation of the strategy. 

 

 

Fig. 1. Phase of strategy formulation 

Phase 1: 
The brief received by the lead designer at this point, was to develop a short-term 

strategic plan inclusive of the following: focusing the advancement of technical 
artefacts, outlining what technical artefacts currently existed, and which areas these 
could be exploited in. The lead designer however, deemed this to be an opportunity to 
break away from legacy issues that were seen to impede the organisation’s ability to 
innovate, and to develop a high degree of novelty in order to achieve a dramatic 
breakthrough. This search for novelty failed to preserve stability. There was a keen 
desire for change. Although at this point, it was unknown what form this would take. 
From the experience of previous failed strategies, caution was raised in terms of 
finding a synergy between the old and the new, so as not to alienate the recipients of 
the strategy with overzealous changes to the current regime. As a result, seen to be a 
means of progression; the original focus (technical) coupled the development of 
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possible futures (seen as radically different), with emphasis on management structure 
and cultural change. At this point, a balance became apparent between the desires for 
both degrees of pragmatism and novelty, with a desire for the strategy to be accepted 
and implemented coupled with a want for real change that will ultimately bring 
success through innovation activity to the organisation.  

From the outset of the strategy formulation, what we consider to be deterministic 
and path-creation were both evenly influential in the process. With clear milestones in 
place (i.e. time horizon, an agenda to create a platform for improvement, a degree of 
codified knowledge and existing set of tools to formulate the strategy) a strong case 
can be made for a deterministic design analogy used to describe this scenario. 
However the desire to create novelty may have considerable social implications and 
said unknown element elevates the importance of individual agency and the 
embedded imagination of the designer to moulding the outcome.  

Phase 2:  
Due to the unknown nature of and the search for novelty, phase 2 the path-creation 

approach had a higher degree of influence. The approach took an emergent form with 
interviews being taken to understand the various perspectives of key stakeholders 
existing both within and outside of the organisation. This resulted in a complex and at 
times, contradictory set of codified knowledge. The aforementioned contradictions 
ranged from the complete disbandment of any innovation activity and a refocus on 
core principles, to the incorporation of innovation as a primary agenda that would 
have influence on all future activities. However, all interviews acknowledged a need 
for change from the current model as the effect of Lean methods used to improve 
organisational output and increase profits has been in decline. On one hand, these 
interviews were conducted to gain insight in terms of the needs and wants of those 
affected by any change, while on the other; it created a degree legitimization for any 
decisions made. Unlike in engineering; when developing a social artefact, verification 
and acceptance is required through social currency. The early engagement and 
involvement of key stakeholders was seen as necessary to increase the plausibility of 
acceptance for a strategy.   

Initial brainstorming techniques were used to develop an idealised model of how 
innovation would be conducted throughout the organisation. Qualitative 
methodologies were used to analyse and codify interview transcriptions to build a 
picture of the various possibilities for different strategies. This knowledge was then 
supplemented by existing published internal and external documents as well as 
previous successful and failed strategies. Time was taken to imagine possible 
scenarios and outcomes of various directives. These ranged from the extreme to the 
incremental and factored in existing frameworks that incorporated process, culture 
and technologies. This was deterministic in nature as it allowed the designer the space 
to articulate and envisage the possible outcomes of each strategy. This artificial 
design space allows decisions reversible, thus allowing for all possible scenarios to be 
investigated. Although a high degree of codified knowledge was available, in this 
instance much of the conceptualisation originated from the instinct, insight and 
intuition of the lead designer, with the codified knowledge used to justify decisions 
made after the fact.   
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Phase 3:  
‘we need to get something down on paper….that will be accepted….we need a win’ 
The constant time horizon had a major influence on the formulation on the strategy 

and its creative elements. In this case the focus on novelty and creativity had reduced 
and was replaced with a need for acceptance. In this case it could be stipulated that 
the time horizon had a negative influence on the search for novelty. As a result focus 
shifted from the want to create change to a need to successfully complete a task. 
Priority was given to the desires of the key stakeholder, ‘I know what KC wants in this 
strategy, don’t worry about it, I know what he likes’. This was in stark contrast to the 
objectives early on in the creative phases of the design process.  

As can be seen throughout the strategy formulation process, there is a co-existence 
between the deterministic and path-creation approaches. It has been shown that at 
times these two activities achieve levels of harmony in the progression of an artefact. 
However it has been demonstrated that harmonisation is tentative at best and often 
requires trade-offs to occur to reach an output. It could be speculated that in this case 
the specified time-horizon played had a negative influence on the designer’s ability to 
infuse the desired novelty into the strategy. However this may not be the case and 
warrants further investigation into number of possible reasons, i.e. areas the ability to 
identify novelty in a social artefact, tensions with justifying a social artefact, 
situational effects as well as the role of the designer as a strategist.  

5 Conclusion   

The focus of this paper is to investigate the sharp distinctions made between 
deterministic and path-creation modes of design science activity. Through the use of a 
single case study in strategy formulation, it has been evinced that in practice there is a 
higher degree of fluidity through these modes than previously envisaged theoretically. 
The complexities involved in the design of a social artefact highlighted here paid 
specific attention to the role of both agency and time horizon on the outcome. This 
paper has demonstrated that in the initial phase of the formulation process, both 
deterministic and path-creation modes of design expressed similar levels of influence 
on the development of the artefact. As the process progressed into the mid-stages of 
the formulation process, path-creation was seen to have a higher degree of influence 
on decision making due to the desire for novelty. However, in the latter stages of the 
formulation process, as the time horizon came to a climax and the need to create 
tangible outputs grew, the deterministic mode became much more evident.  

References  

1. Pandza, K., Thorpe, R.: Management as design, but what kind of design? An appraisal of 
the design science analogy for management. British Journal of Management 21, 171–186 
(2010) 

2. Cross, N.: Developments in design methodology. John Wiley & Sons (1984) 
3. Bahrami, A., Dagli, C.: Models of design processes. In: Parsaei, H., Sullivan, W. (eds.) 

Concurrent Engineering. Springer US (1993) 



28 G. Duff and K. Pandza 

 

4. Eckert, C., Clarkson, P.J., Zanker, W.: Change and customisation in complex engineering 
domains. Research in Engineering Design 15, 1–21 (2004) 

5. Wynn, D., Clarkson, J.: Models of designing. In: Clarkson, J., Eckert, C. (eds.) Design 
Process Improvement. Springer London (2005) 

6. Greenwood, R., Hinings, C.R.: Organizational design types, tracks and the dynamics of 
strategic change. Organization Studies 9, 293–316 (1988) 

7. Sminia, H.: Process research in strategy formation: Theory, methodology and relevance. 
International Journal of Management Reviews 11, 97–125 (2009) 

8. Rumelt, R.P.: Evaluation of strategy: Theory and models. In: Strategic Management: A 
New View of Business Policy and Planning, pp. 196–212 (1979) 

9. Liedtka, J.M., Rosenblum, J.W.: Teaching strategy as design: A report from the field. 
Journal of Management Education 22, 285–303 (1998) 

10. Boland, R.J., Collopy, F.: Design matters for management. Managing as Designing, 3–18 
(2004) 

11. Mintzberg, H.: The fall and rise of strategic planning. Harvard Business Review 72, 107–114 
(1994) 

12. Liedtka, J., Mintzberg, H.: Time for design. Design Management Review 17, 10–18 (2006) 
13. Dunne, D., Martin, R.: Design Thinking and How It Will Change Management Education: 

An Interview and Discussion. Academy of Management Learning & Education 5, 512–523 
(2006) 

14. Simon, H.A.: The sciences of the artificial. MIT Press (1996) 
15. Rittel, H.W.: On the planning crisis: Systems analysis of the first and second generations. 

Institute of Urban and Regional Development (1972) 
16. Rittel, H.W., Webber, M.M.: Dilemmas in a general theory of planning. Policy Sciences 4, 

155–169 (1973) 
17. Tripsas, M., Gavetti, G.: Capabilities, cognition, and inertia: Evidence from digital 

imaging. Strategic Management Journal 21, 1147–1161 (2000) 
18. Mendel, J.M.: Uncertain rule-based fuzzy logic system: introduction and New Directions 

(2001) 
19. Rigby, D., Bilodeau, B.: Bain’s global 2007 management tools and trends survey. Strategy 

& Leadership 35, 9–16 (2007) 
20. Grant, R.M.: Strategic planning in a turbulent environment: evidence from the oil majors. 

Strategic Management Journal 24, 491–517 (2003) 
21. Cooper, R.G., Edgett, S.J.: Overcoming the crunch in resources for new product 

development. Research-Technology Management 46, 48–58 (2003) 
22. Hellebrandt, T.: Community innovation survey. In: HMRC (ed.) Virtual Micro Data 

Laboratory Data Brief (2007) 
23. Schein, E.H.: Process consultation, action research and clinical inquiry: are they the same? 

Journal of Managerial Psychology 10, 14–19 (1995) 
24. Venkateswaran, R., Prabhu, G.N.: Taking stock of research methods in strategy-as-

practice. The Electronic Journal of Business Research Methods 8, 156–162 (2010) 



 

M. Helfert and B. Donnellan (Eds.): EDSS 2012, CCIS 388, pp. 29–37, 2013. 
© Springer International Publishing Switzerland 2013 

Design Science and Design Patterns: A Rationale  
for the Application of Design-Patterns  

within Design Science Research to Accelerate Knowledge 
Discovery and Innovation Adoption 

Martin Curley, Jim Kenneally, and Colin Ashurst  

Intel Corporation / NUI Maynooth  
{Martin.G.Curley,Jim.Kenneally}@Intel.com, 

Colin.Ashurst@newcastle.ac.uk 

Abstract. Fundamental to any profession is a common vocabulary for 
expressing its concepts, and a language for relating them together. Many 
disciplines draw from a collective body of knowledge (BoK) of "best practices" 
and "lessons learned" for solving known problems. This body of knowledge is 
typically comprised of well-defined solutions for known problems plus 
emergent solutions for ill-defined problems. As design science research results 
are codified into a knowledge base, they become "best practices" over time 
through their routine application, feedback and evolution.  This paper presents 
the case to express Design Science Research (DSR) artifacts in design-pattern 
format – to accelerate insight generation and application of DSR outputs. As the 
focus of Innovation shifts to Innovation “Adoption”, the use of design patterns 
to help achieve faster and more widespread innovation adoption is likely to 
increase significantly. 

Keywords: Design Science Research, Innovation Adoption, Design Patterns, 
Practice, Body of Knowledge, IT Management, IS Management, Knowledge 
Discovery, Practice Sharing.  

1 Design Science Research Introduction 

Since professions began to emerge, they have relied on interpreting practices drawn 
from a collective body of defined knowledge - both in terms of emergent and proven 
practices. For example, great engineers do not just design their products strictly 
according to the principles of math and science - they must adapt potential solutions 
to make optimal trade-offs and compromises between known solutions, principles, 
and constraints to meet the ever-changing demands of cost, schedule, quality, and 
customer needs. They have to become domain expert problem-solvers, often engaging 
a reflective process on the utility of chosen solutions and their outcomes. 

Design Science Research (DSR) owes its origins to engineering and the sciences of 
the artificial [1]. DSR is fundamentally a problem-solving paradigm - seeking novel 
ideas, practices, technical capabilities, and products through which more effective and 
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efficient use of information systems can be achieved. It seeks to contribute to the 
underlying BoK through creating and evaluating artifacts intended to solve 
organizational problems [2], where artifacts can be in the form of constructs, models, 
methods or instantiations [3] – see Table 1.  

Table 1. Design Research Outputs 

Artifact Description 

Constructs The conceptual vocabulary of a domain 

Models 
 

A set of propositions or statements expressing
relationships between constructs 

Methods 
 

A set of steps used to perform a task – ‘how to’
knowledge  

Instantiations 
 

The operationalization of constructs, models and
methods 

 
Figure 1 illustrates the relationship amongst the DSR artifacts outlined in Table 1. 

Purao [4] and Rossi & Sein [5] suggest an additional fifth research output, better 
theories. Better theories can be achieved where DSR contributes to a better 
understanding of the phenomenon through reflection and abstraction.  

 

Fig. 1. Relationship among DSR artifacts 

2 Opportunity for Design-Patterns 

The types of challenges faced in the information systems (IS) field require novel 
solutions, as requirements are often unstable, possess complex interactions and often 
call upon cognitive and social skills in developing and communicating solutions [2]. 
DSR seeks to address these wicked problems [6-7] i.e. to create and evaluate IT 
artifacts intended to solve organizational problems [2]. The Authors postulate a 
philosophical alignment between the properties of Design-Patterns and the type of 
problems being addressed in the field of DSR - Table 2. Design Patterns create a 
shared language and vocabulary for communicating insight and experience about 
recurring problems and their solutions [8]. Design pattern properties seek to 
accelerate learning. They can assist researchers in the field of DSR to more 
appropriately create, evaluate and communicate the utility of artifacts in given 
contexts. 
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Table 2. Philosophical synergies between DSR and Design-Patterns 

Design Science seeks to address [6-7] Design Patterns’ properties [8] 

Unstable requirements and constraints based 
on ill-defined environmental contexts. 

Encapsulation and Abstraction  
Each pattern encapsulates a well-
defined problem/solution and makes 
clear when they apply. 
Patterns provide crisp, clear boundaries 
that help crystallize the problem space 
and the solution space, and may occur 
at varying hierarchical levels of 
conceptual granularity within the 
domain - representing abstractions of 
empirical experience and everyday 
knowledge. 

Complex interactions among subcomponents 
of problem and resulting subcomponents of 
solution. 

Composability 
Patterns don't just describe modules, 
but describe hierarchically related 
structures and mechanisms – they can 
be composed with other patterns at 
varying levels of scale. Applying one 
pattern provides a context for the 
application of the next pattern, 
operating like fractals at particular 
levels of abstraction. 

Inherent flexibility to change design 
processes as well as design artifacts (i.e. 
malleable processes and artifacts). 

Openness and Equilibrium 
Each pattern is open for extrapolation 
and improvisation that minimizes 
conflict among forces and constraints 
when being applied. 
In many situations improvement will 
be achieved by using one pattern or a 
small number of patterns together, and 
then making further improvements 
after review and learning from the 
results of the initial changes. 
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Table 2. (continued) 

Dependence upon human cognitive abilities 
(e.g., creativity) to produce effective 
solutions.  

Generativity 
Each pattern has a significant human 
component, a pattern is the process that 
generates a solution, but it may 
generate any one of a vast number of 
variant solutions (conceivably without 
repeating the same solution twice).  
Patterns are intended to help think 
through how to tackle a situation and 
should be adapted if necessary as they 
are applied. 

Dependence upon human social abilities 
(e.g., teamwork) to produce effective 
solutions. 

Generativity 
Patterns are not designed to be 
executed without thought, patterns are 
to be executed by those with 
judgement, experience, and knowledge 
– using a combination of individual and 
collective sense-making. 

 
Understanding of an artifact’s utility and its constraints is essential for DSR and the 

use of design-patterns.  Simon [1] proposes the artifact as an interface between an 
“inner” environment (the artifact itself) and the “outer” environment (the context in 
which it is used). DSR allows researchers to investigate how artifacts are defined, 
utilized and impact their context [9]. Furthermore, Benbasat & Zmud distinguish a 
hierarchal environment of context, structure and task in which the artifact is embedded - 
Figure 2. Given that DSR identifies situational awareness as one of the key elements to 
understanding the utility of artifacts, a design ‘pattern’ format may provide a valuable 
way to capture and share DSR insights and accelerate innovation adoption. 
Furthermore, Hevner et al, [2] suggest design research should clearly identify 
contribution to the archival knowledge base and the communication of the contribution 
to the stakeholder communities. Design-patterns can also assist professional design in 
the routine application of the knowledge base to known problems. 

Alexander et al [10] envisaged patterns as providing advice about what it was 
thought best to do to provide a solution and some rationale for why it should be 
adopted. This advice was set in a problem context showing how the problem usually 
arose and why it was a problem. Where appropriate, links to other patterns were 
made, either to acknowledge functional links between sub-problems or to point to 
necessary prior knowledge. This structure helps sharing of knowledge and provides 
insight into how, where and when it might be usefully applied. 

Value from Innovation is realizable only when Innovations are adopted, therefore 
facilitating Innovation adoption can accelerate value creation [11]. Integral to the 
design science research approach are the principles of practice-inspired research and 
theory ingrained artifacts, and good design patterns should embody both of these for  
 



Design Science and Design Patterns: A Rationale for the Application of Design-Patterns 33 

 

 

Fig. 2. The IT-Artifact [9] 

maximum efficiency and efficacy [12] and ease of adoption. As our world becomes 
increasingly more complex and challenges even greater, the use of and demand for 
design patterns to help drive diffusion and adoption of solutions to complex problems 
will likely increase. 

3 Design-Pattern Overview 

From an Innovation and IS management perspective, Nandhakumar and Avison [13] 
highlight the limitations of formal methodologies (cf practices), which often represent 
only a 'convenient fiction', to provide an appearance of control, but bear little 
relationship to how work actually gets done: these methodologies often represent a 
focus on the formal process rather than the actual practices that relate to how people 
do their work. Some of the unstated assumptions behind transferability of practices 
across domains include the homogeneity of organizations, transferability, alienability 
and stickiness and validation [14]. To improve performance it is important to focus 
how work actually gets done, i.e. on practice, and there is a need for using pattern like 
concepts to supplement the limitations of formal methodologies as a way of sharing 
practice.  

The definition of a ‘practice’ offered by Wenger et al [15] suggests the following: 
‘a set of socially defined ways of doing things in a specific domain: a set of common 
approaches and shared standards that create a basis for action, problem solving, 
performance and accountability’. Not only does the concept of a practice appear to be 
very closely aligned with how people actually work [16], it is also particularly 
relevant in knowledge-intensive activities, such as IS management [17], where much 
of the effort is based upon the experiences of individuals and teams.  Moreover, the 
concept of practice relates to the informal organization and how work is actually done 
by individuals and groups.   

Design-patterns help create a shared language for communicating potential 
solutions and allow users to intelligibly reason about how to use them in various 
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contexts. Patterns were introduced as a design concept by Alexander et al [10] and the 
Gamma et al, [18,19] book on design-patterns as applied to object oriented 
programming began to popularize the use of patterns in Computer Science.  Patterns 
have similar philosophies to DSR artifacts i.e. the identification of field-tested 
technological rules [20] or construction principles, and design rules [21] verified in 
real-life settings. They represent instrumental and prescriptive knowledge that is 
typically made explicit in the following form: to achieve outcome Y in a situation X, 
a design-based action Z might help [20, 22]. DSR artifacts place high emphasis on 
understanding the utility of an artifact within a given context. Similarly the pattern 
approach captures and shares how things get done while leaving scope for 
improvisation and adaptation (for example to reflect different organizational contexts 
and rationales) – a pattern focuses not so much on an individual practice in a specific 
organizational setting but rather the form good practice generally takes across 
different settings and organizations. In essence a pattern is an outline of ‘what works’ 
based on observation of practice. Patterns are a way of summarizing and 
communicating practice within and between organizations. 

For our purposes, we have made the following distinction between practices and 
patterns [23]: 

• A practice relates to an approach to getting work done in a specific context. 
Some authors refer to practices as ‘routines.’ Practices are what people do within 
an organization. 
• A pattern is an abstraction, a description of a practice. It must lose some of 
the richness and uniqueness of the related practice but it provides a way to 
identify and communicate what works. 

Patterns represent distilled experience which, through their assimilation, convey 
expert insight and knowledge to the inexperienced. Once a potential solution has been 
expressed in pattern form, it may then be more readily applied and reapplied to other 
contexts, and facilitate widespread reuse and adoption. Patterns provide the core to a 
solution in such a way that one can use the core solution every time, but 
implementation should and may vary – so with design patterns we have the core 
solution and not the exact solution. Therefore, a design-pattern becomes a general 
reusable solution to a commonly occurring problem within a given context - it is a 
description or template for how to solve a problem for different situations. It leads to 
a recommended action or solution. It is a way of sharing advice based on experience 
of what works in similar situations. By employing design pattern tools we are better 
equipped to address those limitations outlined earlier. 

4 Design-Pattern Format 

The format of a pattern, with an explicit focus on the context in which it is useful and 
explanation of the forces impacting on a situation, makes them particularly suitable 
for many areas in management of IS and innovation, which are complex and require 
judgment based on experience. The pattern helps to make explicit and communicate 
important elements of what would otherwise remain tacit. 
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Thompson and Walsham [24] showed that if knowledge is to remain useful once 
made explicit, a link with the context in which the knowledge was used and so in 
which it might be reused must be retained. The tension between codifying nothing, 
thereby risking the loss of important information, and trying to codify everything, 
risking banality, is at the very core of patterns. A pattern is a way to capture and 
communicate ‘what works’, how to get things done. A pattern has a simple structure 
to help capture what is important in a particular activity. It also explicitly provides a 
link with the context in which the pattern is relevant and provides guidance on usage. 
The following elements in Table 3 are typically represented in describing a pattern 
[25], which is typically as short as 1-2 pages. 

Table 3. Pattern Template 

Name: the name seeks to capture the essence of the pattern 

Summary: the summary supports the name and reinforces the 
understanding of the pattern, often with an illustration 

Challenge: a statement of the problem which describes its intent: the goals 
and objectives it wants to reach within the given context  

Context/Rationale: explains the different forces involved in the problematic 
situation and how the solution responds to these forces. 

Solution:  
 

often equivalent to giving instructions which describe how to 
construct the necessary work products to show how the problem 
is solved 

Resulting Context: the state after the pattern has been applied, including the 
consequences (both good and bad) of applying the pattern. It 
describes the post conditions and side-effects of the pattern 
 

Links to related patterns 

 
One of the objectives for using design patterns in DSR should be to assist DSR 

researchers more effectively explore the frontiers of what’s possible and contribute 
towards a more accessible body of knowledge (BoK) for IS management to solve 
recurring problems.  For example, an iterative Design-Pattern approach was applied in 
the development of the IT Capability Maturity Framework (IT-CMF) [26, 27] – with 
the objective for IS management to improve value and innovation from information 
technology across an array of business contexts.  IT-CMF consists of a set integrated 
design-patterns manifested as artifacts [26, 27, 28, 29]. This format proved successful 
in accelerating the creation, evaluation, dissemination and application of IT-CMF 
artifacts. A standard taxonomy enabled the consistent development of linked design 
patterns, each attempting to map to the pattern template described in Table 3. The 
application of Design-Patterns within DSR continues to be expanded as part of the on-
going development and expansion of IT-CMF. Today, IT-CMF BoK adoption has 
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penetrated many FORTUNE 250 firms, government agencies and small-to-medium 
businesses – accelerating IT maturity and value from innovation, as well as 
facilitating on-going research and contributions to the BoK evolution.  

5 Conclusion 

In summary, the format provided by a pattern can provide a powerful way to capture 
and share knowledge in complex, knowledge intensive environments where it may be 
impossible to make key aspects of knowledge fully explicit. This is significant as 
practices, knowledge or innovations are valuable only when they are applied or used 
i.e. adopted. This paper presents the case for use of design-patterns within the field of 
IS design science research. Further research and discussion is required on the 
proposed merits, possible limitations and use of design-pattern formats, including 
merits and likely utility to expanding the use of design patterns beyond the field of IS 
design science research 
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Abstract. Research and education in the field of management studies strive for 
relevance to practice as well as academic rigour. Many management science 
researchers have invoked design science as the paradigm of choice for 
achieving relevance through prescription-oriented research, where prescriptions 
are delivered in the form of artefacts or technological rules. Design thinking is 
another prominent application of design that is used by management researchers 
and educators for benefitting management practice. Surprisingly, there is little 
intercourse between the different groups that employ these two approaches, yet 
both groups are part of the same broad (management study) discipline. Here, we 
explore the relationship, commonalities and complementarities between design 
thinking and design science. We do this in the context of an introduction to the 
broader discipline of design and its history, the desire of management scholars 
to be relevant to practice, and the nature of that practice. We show that design 
thinking and design science are complementary components of an overall 
design paradigm. The appropriate application of either approach depends on the 
context and nature of the problem being addressed. 

Keywords: Design Thinking, Design Science, Design, Innovation, 
Management Science Research. 

1 Introduction 

Researchers in management science and other social sciences increasingly look for 
the outputs of their research to provide value directly to practitioners of the field, in 
addition to satisfying the rigours of quality academic scholarship. Such research seeks 
to prescribe general solution concepts for practical contexts. In general, these contexts 
have been understood and analysed through traditional research with a more 
explanatory orientation. 

The literature discussing this topic describes the general solutions as artefacts or 
technological rules. According to Tranfield, quoted in Huff et al [1], technological 
rules are products of research that “provide archetypal solutions to archetypal 
problems”. Such technological rules or artefacts are ipso facto the outputs of a design 
process, and many researchers have embraced design science as the paradigm to 
effect the aim of practitioner relevance. Design science has accrued a substantial 
literature and there is a developing understanding amongst its practitioners as to what 
it is, what it isn’t, and what it entails. This paper contributes to this understanding. 
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Herbert Simon represented the universal nature of design as a science of the 
artificial. His was primarily a positivist, rationalistic paradigm that focussed on design 
as a science. We understand ‘science’ here to denote an objective, coherent body of 
knowledge obtained and validated by rigorous rationalist methods. 

Equally, the broader design community has a voluminous literature on the nature 
of design, describing the way that its focus and theories have developed over the last 
century. Bousbaci [2] describes this development in terms of the ‘models of man’, 
analogous to the ‘homo-economicus’ or ‘rational’ man that was implicit in the 
traditional study of economics prior to Simon’s introduction of the concept of 
bounded rationality. According to Bousbaci, the model of man implicit in design 
discourse prior to 1950s was of an intuitive and artistic designer. This gave way in the 
late 1950s to a logical and rationalist model, which is the antecedent of modern design 
science. Through the 1980s, the design model took its lead from Simon and took a 
bounded rationality perspective. This transformed again in the 1990s to the model of 
designer as a reflective practitioner who engages in a ‘conversation’ with materials 
and users, after Schön [3]. 

2 Design and Science 

It is not in the scope of this paper to review in full the literature on the philosophies 
and models of design. But, it is clear that the totality of contributions on this subject 
comprehend design as being more than a rationalist or positivist science. This is in 
line with popular perceptions of design, we believe, where creativity, intuition and 
human-interactivity would be high on the list of defining design characteristics. 

A broadly understood model of design concerns itself with human behaviours, 
attitudes, values and sensibilities in addition to product characteristics, meanings and 
styles.  This is not just in the public perception. Scholars such as Cross [4], Bousbaci 
[2], Findeli [5] and others agree. Cross [4] poses the question about “… the 
development, articulation and communication of design knowledge. Where do we 
look for this knowledge?” In response, he says that design knowledge has three 
sources: “people, processes and products. Design knowledge resides firstly in people: 
in designers especially, but also in everyone to some extent.” 

Regarding products, Cross says: 

“… we must not forget that design knowledge resides in products 
themselves: in the forms and materials and finishes that embody design 
attributes. Much everyday design work entails the use of precedents or 
previous exemplars - not because of laziness by the designer but because the 
exemplars actually contain knowledge of what the product should be. 

He elaborates: 

“My own taxonomy of the field of design research would therefore fall into 
three main categories, based on people, process and products: 

Design epistemology - study of designerly ways of knowing 
Design praxiology - study of the practices and processes of design 
Design phenomenology - study of the form and configuration of 
artefacts” 
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In contrast, process, content and objectivity are the major concerns of science. The 
processes must show rigorous verification or falsifiability of new knowledge (Popper 
[6]). Besides the generation and verification of knowledge, good science must be 
concerned with the classification, cohesion and coherence of the knowledge base. As 
well, positivist science presumes an independent, objective truth that has existence 
outside of the person or artefact. Design does not presume this; it concerns itself with 
the ill-definition and uncertainty of holistic problem solving or complex situation 
improvement. In order to do this, relevant knowledge is recognised to be incorporated 
in the agent of design as well as in the artefact itself. 

3 Design Thinking and Design Science 

From the above brief history and overview of design, the apparent dichotomy in the 
characterisation of design between intuitive, relativist artistry on the one extreme and 
rational, positivist science on the other extreme suggests that there may be more than 
one way that design can act as medium for management studies to bring beneficial 
relevance to management practitioners. This is indeed the case. The latter (rationalist) 
type of design is mediated in the form of design science; the former (intuitive) type of 
design is mediated in the form of design thinking. 

Design Thinking concerns itself with the “study of the cognitive processes that are 
manifested in design action” [6]. On the other hand, design science adapts the process 
of design to the scientific method requirements of management science research. In 
contrast to design science for research, design thinking emphasises design’s ability to 
deal with human sensitivities, socio-cultural understanding, uncertainty and integrative 
treatment of ill-defined problems, which are more characteristic of the ‘messy’ field of 
management practice and most especially for innovation management. 

In this paper, we epitomise the key distinction between design thinking and design 
science in the sphere of management studies as follows. Design science adapts and 
supplements the methodical, positivist and rationalist methods, which are used in 
everyday designing, as a methodology for prescription oriented social science 
research, the output of which is brought to contexts of social science practice through 
a growing bank of fully annotated objective knowledge. 

Design thinking harnesses and develops the intuitive, creative, integrative, visual-
thinking, constructivist facets of expert design practice and brings these to complex 
and ‘wicked’ contexts of practice, through the agency of the human practitioners. 
Similar to Star Trek, ‘the mission of design thinking is to boldly go where no science 
has gone before – or is likely to go in the near future’. 

Both design thinking and design science are derived from design and aim to 
support management studies’ relevance. Yet, very surprisingly, there is little 
intercourse between the two fields. It is difficult to find a publication that refers to 
both design science and design thinking. Cross [4] describes the ‘designerly’ way of 
thinking as different and complementary to a science way of thinking, in the context 
of the historical development of design philosophy as described above. Anderson et al 
[9] provide a description of an application of design science to Chevron’s innovation 
process that comes close to linking the two but fails to do so explicitly. Other 
examples are rare. 
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We might speculate that the absence of intercourse and cross referencing between 
the exponents of design thinking and design science must be due to a lack of mutual 
familiarity, understanding or respect. If true, this is sadly ironic. Both draw from the 
rich well of design’s legacy with the same ultimate purpose. 

Both are approaching the same goal from different perspectives. The positivist 
perspective of design science regards its core operational contributions as artefacts 
that accumulate the knowledge base. There is an implicit assumption that the 
knowledge is objective and to some extent generalisable. 

In its core functioning (i.e. doing it as distinct from studying about it), design 
thinking is embodied in the design thinker, in terms of behaviours, values, attitudes, 
intuition, creativity. This is a relativist and constructivist perspective where 
knowledge is primarily resident in the thinker or context. Of course, the latter is more 
suited to situations which are individually unique or ‘messy’[3], as are many practical 
contexts and all wicked problems. 

As an aside, it is sometimes forgotten that a university’s role is to teach, i.e. to 
form students’ minds, in equal or even higher measure as to research. Newman [15], 
in his seminal work The Idea of a University (1842), said: 

“[A university] is a place of teaching universal knowledge. This implies that 
its object is … the diffusion and extension of knowledge rather than the 
advancement [of knowledge]. If its object were scientific and philosophical 
discovery, I do not see why a University should have students …” 

Of course, research is nowadays understood to be an essential and important role. In 
principle, it is clear that the practice of design science and design thinking 
respectively prioritise the two roles of research and teaching, and that they 
complement each other in so doing. Of course, to support a design thinking expertise 
for teaching, it is in turn necessary to research the topic itself and this is a growing 
research area. 

3.1 Modelling Design Science 

Hevner et al [10] describe the characteristics of good design science research and 
provide seven guidelines for conducting and evaluating good design science research. 
These are problem relevance, design evaluation, research contributions, research 
rigour, design as a search process, communication of research.  

More succinctly, Hevner [8] describes a three-cycle view of design science research. 
This is replicated with some adaptation of layout in figure 1. He describes it thus: 

“The relevance cycle bridges the contextual environment of the research 
project with the design science activities. The rigor cycle connects the design 
science activities with the knowledge base of scientific foundations, 
experience, and expertise that informs the research project. The central 
design cycle iterates between the core activities of building and evaluating 
the design artefacts and processes of the research.” 
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Hevner posits that “these three cycles must be present and clearly identifiable in a 
design science research project”. 
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Fig. 1. A Three Cycle View of Design Science Research, adapted from Hevner [8] 

3.2 Characterising Design Thinking 

Capturing the essence of design thinking is still a matter of substantial research and 
debate. 

Cross [4] describes research work that supports “a solid basis for the claims of 
expert, designerly ways of knowing thinking and acting”. He concludes, 

“there are enough commonalities in the behaviours of outstanding designers 
to suggest a view of expertise in design that has its own particular features, 
with some differences from generic models of expertise, which have been 
mainly drawn from studies in more conventional types of problem solving.” 

He found that expert designers often exhibited a distinct set of cognitive strategies, 
such as: 

- Generating a range of alternative solution concepts. 
- Having an ability to work along 'parallel lines of thought' – that is, to 

maintain an openness, even an ambiguity, about features and aspects of the 
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design at different levels of detail, and to consider these levels 
simultaneously, as the designing proceeds. 

- Relying explicitly or implicitly upon ‘first principles’ in both the origination 
of their concepts and in the detailed development of these concepts. 

- Exploring the problem space from a particular perspective in order to frame 
the problem in a way that stimulated and pre-structured the emergence of 
design concepts. In some cases, this perspective was a personal one that the 
designers seem to bring to most of their designing. 

- Creative design solutions arise especially when there is a conflict to be 
resolved between the designer's own high-level problem goals (their personal 
commitment) and the criteria for an acceptable solution established by client 
or other requirements. The outstanding designers are able to draw upon a 
high-level, or more systemic view of the problematic in which their actions 
are situated. 

Martin [12] also identifies integrative thinking as a key designerly characteristic that 
is also found in great business leaders, in his book ‘The Opposable Mind: How 
Successful Leaders Win Through Integrative Thinking’. Elsewhere, Martin [11] says 
that: "The most successful businesses in the years to come will balance analytical 
mastery and intuitive originality in a dynamic interplay that I call design thinking.”  

The Stanford d.school represents its design thinking philosophy using the graphic 
shown in figure 2, which shows the elements of a design thinking ‘process’. There has 
been much discussion about the apparent sequential linearity of this image and similar 
images. The linear representation should not be misunderstood as misrepresenting the 
profoundly iterative nature of all design thinking projects. It is now generally 
considered that the image represents different modes of working rather than 
sequential steps of a process, while recognising that there is a shift in centre of gravity 
of attention from left to right as a project progresses. The iterative nature is 
represented by the swirls between modes. 

 

Fig. 2. Stanford d.school Model of Design Thinking 

Lindberg et al [13] describe a constructivist approach to design and design thinking 
resolution of ‘problems’. They describe design thinking as the interplay between 
diverging activities of opening up the problem and solution space and converging 
activities of synthesising and selecting. 
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“Contrary to scientific thinking, the knowledge processed in design thinking 
has to be neither representative nor entirely rationalised, rather it serves to 
obtain an exemplary but multi-perspective understanding in order to 
creatively transform it to a solution for the ambiguity of wicked problems. 
Summing up, this interplay can be put down to three basic characteristics, 
that engenders a system of checks and balances to ensure that the conclusive 
solution will be both innovative and suitable for the social system that the 
design problem addresses.” 

The three basic characteristics are identified as: 

- Exploring the problem space 
- Exploring the solution space 
- Iterative alignment of both spaces. 

Brown [14] says some of the characteristics to look for in a design thinker are: 

- Empathy 
- Integrative thinking 
- Optimism 
- Experimentalism 
- Collaboration 

Most contributors on the subject believe that visualisation is an essential part of the 
design thinking repertoire. Buxton [16] pose the question: “What is the archetypal 
activity of design?”, and offers the answer: sketching or drawing. More broadly, 
Stanford’s d.school emphasises the necessity to ‘think visually’ in design thinking 
project. 

4 An Integrated Model 

Two approaches with a shared purpose and a common origin deserve to be connected, 
have overlaps identified, distinctions clarified and their separate application 
paradigms explained. In figure 3 we make a step in this direction, where we adapt and 
extend the three-cycle model of design science (figure 1) to develop a similarly 
structured representation of design thinking (figure 3). 

On the right hand side of figure 3, we note that an objective knowledge base plays 
a lesser role in design thinking. The knowledge base built up by design science, 
natural science and other sources forms a sort of toolbox, from which the designer (or 
design thinker) may draw or not, according to the context. The knowledge base also 
may be considered as objective constraint laws, around which the design thinker must 
creatively design. 
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Fig. 3. Design Thinking Innovation Framework, incorporating the Three Cycle View of Design 
Science 

Moving towards the left in figure 3, we note that design thinking is more fruitfully 
applied to contexts that are not replicable in ‘laboratory’ or standardised situations 
and therefore the separation of evaluation fields between ‘research lab’ and ‘field’ 
does not apply. For design thinking, the environment or ‘field’ is the major evaluation 
locus for the proposed solution. 

The two leftmost regions of figure 3 provide the most distinguishing aspects of 
design thinking. Design thinking is most applicable for complex ‘messy’ or wicked 
problems, for which a simple or even reliable statement of the problem may not be 
accessible. Deep exploration and creative synthesis of data from the problem space is 
integral to the design thinking methodology. 

Perhaps above all else, design thinking is characterised and may be understood by 
its human centricity. Human considerations and sensibilities are fully central to the 
design thinking approach, in terms of stakeholder understanding, empathy, creativity 
and co-creation. As referenced above, much of the design thinking knowledge is 
embedded in the ‘designer’. Radical or breakthrough solutions in ‘messy’ contexts 
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rely on the designer’s intuition, abductive and creative abilities. These are honed by 
expertise developed through education and experience, and refined by immersion in 
the present context. Design thinkers thrive on the dialectic with co-designers, users, 
and other stakeholders and use this to painstakingly evolve the true integrative 
optimum resolution for all concerned. Design thinking is intrinsically collaborative. 

5 Design Thinking in Action 

We provide below a summary example of a recent design thinking approach to a real-
life problem situation, in which one of the authors participated. This case-study will 
be reported in full elsewhere. 

Merrion Square in Dublin is a great Georgian square dating back to the 1750s. 
Merrion Square is home to many of the main cultural institutions in Ireland, including 
the national gallery, the natural history museum, the Irish parliament.  Augmenting 
the impressive treasures around the square itself is an outer ring of institutions, 
buildings, activities which include the national library, the national museum, Royal 
Hibernian Association and many of the city’s most prestigious hotels and restaurants.  
It is also a thriving commercial hub with many of the country’s leading creative PR 
agencies, architects and advertising firms located around it. 

The Irish tourism agency, Failte Ireland, have been keenly aware that the cultural 
and architectural treasures of Merrion Square were not being exploited for the benefit 
of visitors, local businesses and institutions or national tourism. This is represented by 
the coaches of tourists that would regularly converge on Merrion Square to 
photograph the collection of unique Georgian architecture and front doors with grand, 
elegant fanlights. Ironically, the most common photograph is of tourists standing 
beside closed doors. 

The Innovation Manager of Failte Ireland decided, in Autumn 2011, to adopt a 
design thinking approach to improving this situation. She thought that design thinking 
had the capacity to bring the stakeholders together. It could generate new ideas to 
bring new animation, energy and activities to the square, to visualise them, to 
prototype them and to garner support for their introduction or implementation. 

Failte Ireland invited over 40 cultural and business institutions to join a new 
innovation network where they would get to meet each other and work together in 
their individual and joint interests.  Through the network, Failte Ireland provided 
some expert design thinking innovation training.  Members of the network were 
invited to attend four day-long workshops where they learnt how to enhance their 
individual and collective design thinking capability.  The workshops taught them the 
design-thinking approach to innovation and helped them generate new ideas to bring 
new vibrancy into the square and, of course, to their own businesses.  Customers were 
also invited to the innovation workshops and ideas were developed, illustrated, 
prototyped (where possible) and road-tested with consumers in a rapid-prototyping 
manner. 

Since early 2012, the workshops have begun to have immediate effect and the 
activities around Merrion Square have been constant. Springtime saw thousands of 
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people converge in the square for the World Street Performing Championships; St 
Patrick’s Day brought a new and bigger-than-ever festival.  Culture Night came to 
Merrion Square with thousands of visitors visiting buildings which had never been 
opened up before this year.  Major events are taking place for Christmas and 
Hallowe’en and the park has been designated by the City Council as a free wi-fi zone. 
A new group called ‘Supper on the Square’ has been formed and there are monthly 
dinners hosted and catered in some of the great houses on the Square.  Much more is 
planned. 

This case illustrates the power of design-thinking in a collaborative, social 
innovation context. The project implementation used the design thinking principles of 
user-centricity, visualisation, intense collaboration and rapid prototyping. It has 
accomplished a great deal in a very short time.  Within the Square two things have 
been developed: first, a new capability to innovate and second a suite of new ideas to 
add value to the stakeholders collectively and individually. 

6 Summary and Conclusions 

Over the last 30 to 40 years, two strands have emerged as powerful tools in the 
problem-solving armoury of management studies and innovation. Design Thinking is 
a mode of cognition and a methodology to imagine and bring into effect future states 
and to bring radical products, services, experiences and solutions to market (or to 
application context).  Its key principles are that is people-centred, involves deep 
collaboration, and relies on dialectics, visualisation, prototyping and fast 
experimentation. 

Design Science is a paradigm of management science research that supports 
generation of valid prescription outputs from that research. The validity is determined 
through rigorous theoretical grounding in academic discourse and field testing in the 
relevant environment. 

Both strands owe their origins to ‘design’; both strands operate in the broad field of 
management studies – teaching and research; both strands purport to aspire to solving 
problems in the sphere of practice. 

We have shown that, notwithstanding many commonalities, there are substantial 
complementarities and that it is the combination of the two approaches that begins to 
approximate a fuller application of design to management studies and its relevance. 
We have shown that each approach is more suited to resolution of problems that tend 
towards respectively opposite ends of the ‘problem complexity’ spectrum. 

Design science is adapted especially towards the specifics of management science 
research, with primarily a positivist philosophy where objective knowledge is 
metaphorically accumulated in a knowledge resource bank, for later use by 
practitioners. Design thinking is especially suited to the more wicked type of complex 
problems where intuition, abductive and creative thinking and methodologies are 
necessary, which are based on internal, tacit knowledge of the (co-)designers. 
Notwithstanding this, familiarity with the objective knowledge base of management 
science and other sciences serves as essential constraint for such design thinking. 
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This paper has shown that design thinking and design science are complementary 
components of an overall design paradigm. Each has particular attributes that make it 
more suitable to be the dominant methodology in a particular context. Design science 
is the primary methodology of choice for research of better-defined problem areas. 
Design thinking is more suited to ill-defined problems. 

By understanding their commonality and complementarities, as outlined in this 
paper, exponents of both strands of design in management may be encouraged to 
understand and communicate with the other strand to a greater extent than heretofore 
seems to have been customary. Neither one nor the other strand alone will adequately 
satisfy the purpose of beneficial relevance to management practice. In modern 
management studies, both strands must be represented strongly for best effect. 
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Abstract. There has been a great interest among scholars to identify and 
conceptualise activities and processes of information systems design research. 
Based on a paradigmatic foundation in pragmatism, this paper furthers these 
earlier works on activities and processes. It identifies three main sub-practices 
of design research; theorize, build and evaluate. It also identifies three external 
practices/communities: research community, general practice and local use 
practice. The different practices are related to each other through the construct 
of an activity cycle. Seven different activity cycles are specified in the paper: 
Theorize – Build cycle, Theorize – Evaluate cycle, Build – Evaluate cycle, 
Theorize – Research community cycle, Design research – General practice 
cycle, Build – Use cycle and Evaluate – Use cycle. 

Keywords: Design research, information system, practice, pragmatism. 

1 Introduction 

The interest in design research (DR) within the information systems (IS) community 
has been growing over the last decade. It has been seen as a research approach that 
encourages an interest in practical outcomes and improved practice, and thus for 
enhanced practical relevance. There are many attempts to conceptualise DR, e.g. [1], 
[2], [3], [4], [5], [6], [7] and [8], showing great diversity. This diversity may be 
explained that the paradigmatic foundations for design research have not yet settled. 
There have been suggestions to position DR within interpretivism [9] and critical 
realism [10]. There have been several attempts to position DR within pragmatism 
[11], [12], [13], [14], [15], [16], [34]. Pragmatism emphasises action, change and 
practical use, which makes it an appropriate paradigm candidate. There are valid 
arguments to position design research within pragmatism since DR:  

• Addresses real life problems. 
• Attempts to create artefacts of practical value (utility). 
• Contributes to practice improvement. 
• Is engaged in interaction between academia and practice. 

This paper takes pragmatism as a suitable research paradigm for design research 
for reasons mentioned above and following the suggestions of [11], [12], [13], [14]. 
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The intention is to try to create a meaningful conceptualisation of DR based on 
pragmatic perspectives and constructs. The main idea is to identify sub-practices of 
design research and try to relate them to each other. In doing so, the paper uses the 
idea of activity cycles borrowed from [11].  

The main purpose of this paper is thus to contribute to the conceptualisation of 
design research based on pragmatic foundations. It can be characterised as a 
conceptual inquiry and is driven by a problematic situation that needs resolving [17].  

There is still confusion and conflict concerning how to view design research; e.g. 
the processes and outcomes of DR [3], [4]; the role of theory and theorizing [18], 
[19]; the relation between design research and design practice [20], [21]; the role and 
character of evaluation and validation [8], [23], [24]; the relation between DR and 
intervention [5], [24]; what is included DR and not [20]. There is also confusion with 
regard to what to call this research approach: design research, design science research 
or design science. I will use the term design research throughout this paper.  

Part of this conceptual diversity of DR will be investigated in section 2 below as a 
basis for the conceptualisation made in section 3. This paper represents an initial step 
of practice conceptualisation and it should be followed up by more empirically-
focussed research. In proposing this DR conceptualisation, the author is influenced by 
several years of empirically oriented DR. However, these empirics are not brought 
explicitly into the paper, but form a tacit background. As stated, the next step of this 
research is to conduct empirical grounding for this practice conceptualisation.  

2 Attempts to Conceptualise Design Research 

There have been many attempts to conceptualise design research. One salient 
contribution is the division of DR into two main activities: build and evaluate [2], [3], 
[11]. There are several proposals of extensions of this basic DR division. Offerman et 
al [6] have added problem identification to the build and evaluate activities. Sein et al 
[5] have made another expansion of build and evaluate. In an attempt to integrate DR 
with action research, they have added intervention as a third core activity, although 
these three activities are kept together in an integrated way in “BIE cycles”. They also 
include problem formulation as well as reflection and learning in DR. There are also 
further expansions of DR activities into prescriptions of DR processes. Peffers et al 
[4] describe a six step DR process consisting of problem identification, objective 
definition, design, demonstration, evaluation and communication. The classical paper 
by Nunamaker et al [1] also contains a process description consisting of five steps; 
three design steps in the middle are surrounded by an initial conceptualisation and a 
concluding evaluation. Another proposal for the DR process can be found in [7] 
where the DR process consists of five steps: problem awareness, suggestion, 
development, evaluation and conclusion. There are already integrative approaches 
that try to combine and condensate previous process proposals, e.g. [6], [8]. However, 
in these detailed process descriptions, the different activities are grouped together 
mainly using the build – evaluate division. This means that the original build – 
evaluate dichotomy seems valid and useful for describing DR, although there will of 
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course exist many identifiable and related activities. Several of these other identified 
DR activities can thus be seen as sub-activities of build or evaluate.  

The build – evaluate descriptions of DR seem to have a focus on the generation of 
the design artefact. This is, however, interpreted as a limited view of DR. The 
prevailing view [3], that the main result of DR is the designed artefact, has been 
questioned by several scholars. The importance of creating abstract knowledge 
besides concrete artefacts is contended by [20], [21], [25], [26]. The DR process 
models accounted for above can be said to be linear, one-level process models, e.g. 
[1], [4]. Alternatives are formulated with two interacting levels; one concrete design 
level and one abstraction level [21], [25], [26], [27]. This is fully in line with the 
suggestions made by many advocates of design theory in DR, e.g. [7], [18], [19], [28], 
[29]. If one scrutinizes the process models mentioned above, in some there are 
elements that point to abstraction and theorizing and not to concrete design. Examples 
of this are: learning and reflection [5], conclusion [7] and communication [4].  

Some part of the diversity of DR activities and processes has been mentioned 
briefly above. They all give their valuable fragments to our required understanding of 
what we, as researchers, do when we conduct design research. The DR process 
models have been put forth with the ambition to be comprehensive; e.g. [4], [5], [6], 
[7], [8]. However, these models do not fully take into account the interaction between 
concrete design and abstraction/theorizing. We still need a DR conceptualisation that 
acknowledges, in a clear way, the dual DR purposes of contributing to 1) practical 
problem solving through design of artefacts and 2) the knowledge goals of a scientific 
community [21] in a clear way. 

3 A Pragmatic Conceptualisation of Design Research 

The selected way to move forward in conceptualising design research is not to make a 
comprehensive listing of possible DR activities in order to arrive at a complete DR 
process. The approach taken is to identify core sub-practices of DR and to clarify 
relations between these sub-practices and also relations to surrounding practices. This 
approach follows a general practice-orientation of this research. Design research is in 
itself considered a practice; a research practice [30]. A practice is considered to be 
“embodied, materially mediated arrays of human activity centrally organized around 
shared practical understanding” [35, p 2]. Even if a practice sometimes can be 
performed by one human actor at a time, these activities and their results should be seen 
as based in a shared inter-subjective understanding. A practice is a social phenomenon. 
A practice consists usually of constellations of actors, actions and objects [36]. 
Important to add is that a practice produces results that is considered valuable to some 
actors. A practice means doing something in favor of some people [36].  

3.1 Meaningful Sub-practices of Design Research 

The current ambition is thus to have a small set of sub-practice and find a few main 
sub-practices of DR. Since design research is in itself an artificial workpractice, there 
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is no right division of sub-practices. There is no possibility to find the correct 
delineation of practices. We must instead find a suitable and adequate division and 
delimitation. In the search for primary sub-practices, the well-known divisions of 
build and evaluate seems to be proper candidates. There are many DR references that 
either argue for these two as core DR activities or simply take them for granted. A 
design/build activity is obvious in DR since the whole idea is to design artefacts. 
However, there almost seems to be a consensus among DR scholars that a build 
activity should be supplemented by evaluation activities. Most scholars claim 
evaluation to be a clearly identifiable and separate activity (e.g. [3], [22]). There are 
however, some scholars [5] who see evaluation as an integrated part of building 
artefacts. I can agree that there should be a continual assessment of design proposals 
which should be conducted directly related to the design situation. However, there 
seem also to be obvious needs for separate and distinct evaluation activities; confer 
figure 1.  

 

Fig. 1. Sub-practices of design research and relations to surrounding practices/communities 
(with inspiration from [3], [21], [30]) 

As discussed in section 2 above, there are many scholars who claim that there 
should be a clear theoretical output from DR which means that there should be clearly 
distinguishable theoretical activities within DR. There are several scholars who 
describe DR in two layers [21], [25], [26]; one design-oriented and one oriented 
towards theorizing and abstraction. This differentiation into theorizing and concrete 
design is important when clarifying DR practices. In [26] the two realms are called 
“abstraction domain” vs. “instance domain”. In [21] the two realms are called “meta-
design practice” vs. “design practice”. In order to be explicit about its theory 
generating purpose I will call this sub-practice theorize below. The two other 
activities of build and evaluate can be grouped under the label design work 
corresponding to “instance domain” [26] and “design practice” [21]. However, in the 
following, build and evaluate will constitute two sub-practices, and theorize will thus 
be the third sub-practice of DR; confer figure 1.  
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These three sub-practices will be based on different cognitive orientations. The 
build practice will be based on a design orientation; the creation of tangible artefacts 
that are intended to be practical and useful. The evaluate practice will be based on an 
inquiry orientation; i.e. investigating something and stating something about it. 
Evaluate takes an artefact as an input and based on some investigation and assessment 
it produces statements concerning this artefact. Theorize will be based on an 
abstraction orientation. Abstract knowledge is created concerning some phenomenon. 
Each of these sub-practices produces results that should be valuable to other practices. 

3.2 External Practices to Design Research 

The next question to deal with is what type of external practices exist and are related 
to design research and its three sub-practices. Hevner et al [3] distinguish two realms 
that IS design research relates to; the knowledge base and environment (consisting of 
people, organizations and technology). This means that the research activities of DR 
interact with a business environment and a science environment. In [21] a 
differentiation into three related practices/communities are made: 1) Research 
community, 2) practice community and 3) use situation. Compared with [3] and its 
business environment, a differentiation is here made between the general practice 
level and the actual use situations. General practice is defined in the following way: 
“It is important to note that ‘general practice’ should be interpreted as a special kind 
of abstraction. It is not one particular practice. When talking about general practice 
we mean a set of different practices with relevant similarities.” [30, p 10]. This 
division into the general vs. the local is an important distinction for the continued 
discussion. In figure 1, these three practices/communities are called 1) research 
community, 2) general practice and 3) use in local practice. Figure 1 thus includes a 
division of DR into three sub-practices (theorize, build and evaluate) and defines that 
DR has relations to three external realms (communities/practices). This is one step 
towards a pragmatic conceptualisation of DR. The next step will be to define the 
relations between these different practices. 

3.3 The Use of Activity Cycles in Design Research 

Hevner [11] uses the view of activity cycles to clarify DR. He speaks of three cycles: 
The design cycle that iterates between build and evaluate; the relevance cycle that 
iterates between the DR activities and the practice environment; the rigor cycle that 
contains the utilisation of extant knowledge in DR and the addition of new knowledge 
from DR to the knowledge base. This cycle construct states that interaction occurs 
between two types of activities/practices. There is an exchange of knowledge between 
the two mentioned activities. However, in [11], or in [3], there is no systematic 
specification of the knowledge exchange between the two mentioned activities. Some 
parts of the knowledge exchange are mentioned in running text. As identified above 
(section 3.1-2) the Hevner DR framework, [3] and [11], operates with fewer practices 
than the one articulated in this paper. In [3] there is no clear differentiation between 
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general practice and local use practice, and the theorizing sub-practice of DR is not 
included either.  

Earlier attempts to use and develop the cycles of the Hevner framework have been 
made in different directions. An expansion of the three cycles to four has been made 
by [27], when adding an abstract knowledge activity within DR that has cycle 
relations to the design activity; confer similar conceptualisations in [21]. There is a 
discussion [31] regarding which part (in a DR sub-practice) informs which part (in 
another DR sub-practice). As concluded, there can be mutual informing processes. 
Confer also related discussions on inductive vs. abductive approaches in DR [26], 
[32]. Evaluation will play pivotal roles in DR. As noted by several scholars, e.g. [8], 
[21], evaluation will interact with both build/design and use and will thus have 
different functions in relation to these activities. Evaluation will also have an 
important impact on theorizing [21], [26], [31].  

3.4 Design Research Internal Cycles  

The governing idea in this pragmatic conceptualisation of DR is to clarify the primary 
knowledge exchange that may occur between the different sub-practices. Activity 
cycles between sub-practices will be specified. In a pragmatist spirit, the different 
sub-practices are conceived as functional in relation to each other. This means that the 
starting-point in the analysis below is that there is a mutual interchange and serving. 
Practice A serves practice B with some knowledge and practice B serves practice A 
with some knowledge. These mutual serving processes are conducted through the 
activity cycles. The interaction within the activity cycles can in several cases be seen 
as initiatives and subsequent responses to these, following the well-known construct 
of adjacency pair from conversation analysis [33]. The three sub-practices of design 
research give rise to three activity cycles (figure 2): 

• Theorize – Build cycle (T-B) 
• Theorize – Evaluate cycle (T-E) 
• Build – Evaluate cycle (B-E) 

Design research can be performed in a theory-informed way. Fischer et al [32] 
describes this as one possible option, in DR, as an abductive approach; confer also 
[26]. Sein et al [5] emphasize that the designed artefact should be a theory-ingrained 
artefact. This means that theories can be used actively in DR governing both build and 
evaluate. This is called theory as guidance in figure 2. The theory as guidance covers 
both descriptive-explanatory “kernel” theories [18] and design-oriented theories [18], 
[19]. It covers also the cases 1) when extant theories from the knowledge base are 
selected and possibly adapted to the DR situation and 2) when ideas, observations and 
reflections from the on-going DR process is abstracted to an emergent theory that can 
then be fed back to build and evaluate from theorize. Besides such empirical data,  
the build practice will produce the designed artefact as its main output to theorize. In 
the view of DR put forth here this is pivotal. It is not the artefact per se that is the 
scientific contribution from DR. It is abstracted knowledge about artefacts [21], [26]. 
The artefact from build is an artefact to theorize. The theorize sub-practice will create 
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abstract knowledge about artefact functions, structure and other properties. These 
abstractions may be fed back to design work, but they will also be a distinct outcome 
from DR to practice and research communities (see section 3.5 below).  

 

Fig. 2. Activity cycles of design research (internal cycles) 

An important input to theorize is the explicit evaluations that will be conducted as 
part of the design work. There may be different types of evaluations; e.g. an artificial 
evaluation of a proposed artefact or a naturalistic evaluation of the real use of 
designed artefacts [8], [22]. Such evaluations will have an important function in 
empirical grounding of the abstract design knowledge in the theorizing practice [21]. 

The main input from theorize to build and evaluate is said above to be theory as 
guidance. Theory is here used in a generic sense. It should not be interpreted literally 
as only one theory. There can of course be different theories; both extant and 
emergent theories and both kernel theories and design theories, as indicated above. 
One important basis for further theorizing and justification of these theories is the 
experiences of theory use in build and evaluate. Were these theories applicable in 
building and evaluating? How useful were they in these activities?  

3.5 Design Research External Cycles 

Design research interacts also with external practices (figure 1). The three DR 
practices and the three external practices make it possible to distinguish nine cycles 
(3*3) if all internal practices are seen as having relations to all external practices. 
However, it is not considered meaningful to make this kind of elementary division. 
Instead four main activity cycles are distinguished (figure 3):  

• Theorize – Research community cycle (T-RC) 
• Design research – General practice cycle (DR-GP) 
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• Build – Use cycle (B-U) 
• Evaluate – Use cycle (E-U) 

The main activity cycle relation of the research community to the design research 
practice is to its sub-practice theorize. Theories from the knowledge base can be 
selected in the theorize sub-practice and furnished to build and evaluate in the T-B 
and T-E cycles described above (section 3.4). Theories from the knowledge base can 
be used as basis for developing new theories in theorize or used for theoretical 
grounding of developed theories [7], [21].  

The abstracted result from design research/theorize is in figure 3 expressed as 
design theory. It is far from always that DR scholars codify their abstract results as 
explicit design theories according to well-known design theory templates [18], [19]. 
However, proper DR should abstract results in terms of prescriptions or design 
principles that may be useful for other design endeavours. Even if not all abstracted 
results from DR can be seen as full-blown design theories, they should at least contain 
design-theoretical fragments, like e.g. desirable properties of artefacts, principles and 
prescriptions for design processes.  

The DR contribution to general practice is design-theoretical knowledge. This 
includes knowledge about artefact properties that are deemed valuable for use-
situations. This may also include knowledge about appropriate procedures to conduct 
development of proposed artefacts. Design research requires knowledge about general 
practical needs. This is background knowledge that is considered valuable to all three 
DR practices. Therefore this activity cycle is defined as design research - general 
practice. In order to create an artefact solution that is not limited to studied local 
practices, it is important to be aware of needs that relate to the problem class situation 
[27]. It is not only in the build practice that it is valuable to be knowledgeable about 
general practical needs and problems. The artefact evaluation can also take into 
account general demands on the artefact solution. Theorizing should apply to 
abstracted/general problems, needs and artefact properties. 

Through activity cycles, the practice of local use is related to build and evaluate. 
The build practice delivers an artefact to use. This is partially based on local practical 
needs, which include problems, goals, opportunities and other relevant practical 
knowledge. Directly observable use effects and communicated use-experiences may 
be fed back to build practice for revised design. In-depth studies of artefact use and 
different effects will be conducted through the evaluate practice. The evaluate practice 
studies artefact use-situations in different ways. In figure 3 this is called arrangements 
for capture and evaluation. There will be some intervention into local use practices by 
actors conducting evaluation. There may be some arranged observations. Questions 
can be posed to artefact users in different ways and there might be other ways of 
capturing data. The local use-situation will be exposed to the evaluative practice as a 
data source arranged according to the stated objectives of the evaluation and the 
design research endeavour. As described above (section 3.4), artefact evaluations 
should be used as basis for revised design (in the build practice) and for theory 
development and for empirical grounding of theories (in the theorize practice). The 
artefact evaluations can also be a basis for the local use-situations. Think of a 
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situation where the evaluation does not give rise to any artefact redesign. The artefact 
evaluation can still be used to improve the use-situation. This can be characterised as 
an improvement of an artefact-given use. The intervention of a new artefact (from the 
build practice) implies an improvement of the local work situation. It is the artefact in 
itself that is a basis for improvement. An artefact evaluation can improve the local 
practice through evaluative knowledge about artefact use.  

Use in local 
practice

General practice

Research 
community with 
knowledge base

Theorize

Design work 

General
practice needs

Theoretical 
basis
Design
theory

Artefact
to use

Local
practical needs

Use
experiences

Design research

Build

Evaluate

Arrangements for 
capture & evaluation

Artefact
evaluation

Use situation 
to evaluate  

Fig. 3. Activity cycles of design research (focus on external cycles) 

3.6 Multi-functionality of Practices 

The pragmatic starting-point for this study has been the view that practices are 
functional in relation to each other. This also means that practices are multi-
functional. For example, the theorize practice produces theories that should be 
valuable as guidance for the DR practices of build and evaluate, be a proper addition 
to the knowledge base of the IS research community and also a valuable contribution 
to general practice in activities of procurement, development and use. The designed 
artefact is of course primarily aimed for use in local practices. It should, however also 
be a basis for evaluation and theorizing. The artefact evaluation is also multi-
functional. Evaluations can be a modifying basis for redesign of artefacts and they 
may also have a justificatory role for the conducted design. Evaluation plays a pivotal 
part in theorizing since it contributes with adapted and generated empirical data. It 
may also support an adaptation of artefact use in local practices.  
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It is also important to note the amalgamation of input in the sub-practices. For 
example, the build practice will blend different kinds of input (local practice needs, 
general practice needs, theoretical guidance of diverse kinds, use experiences and 
different types of evaluations) in the generation of an artefact.  

4 Conclusions 

After the explicit introduction of design research as an important research approach in 
IS, through the landmarks of [1], [2], and [3], there has been an abundance of papers 
attempting to conceptualise design research or parts of it. These contributions have 
been important since the traditional explanatory research approach has influenced our 
thinking to such an extent that it has been hard to imagine other ways of conducting 
science. This paper has also contributed with an attempt to conceptualise design 
research. Why yet one more? Do we need any more conceptualisations? Is it not time 
to say that it suffices?  

The presented DR conceptualisations show great diversity even though some 
convergence is discernible. This diversity, fragmentation and sometimes confusion 
calls for an elaboration of the conceptual foundations for conducting design research 
within information systems. The missing theoretical dimension in the seminal work of 
[3] is probably a major reason for the inadequacies of several of the subsequent 
conceptual works. The need to integrate theorizing into DR has been acknowledged 
by several scholars and has also been an impetus for this paper.  

This paper tries to take an explicit pragmatist stand in elaborating DR. It has 
investigated activities and process descriptions of DR and through this investigation it 
has pointed out three main sub-practices of design research and how these are related; 
the practices of theorize, build and evaluate. It has also identified three external 
practices/communities related to DR: research community, general practice and local 
use practice. DR relations with these external practices have been analysed and 
described.  

The relations between the practices have been described as activity cycles 
following [11]. The three cycles in the Hevner framework [11] has been expanded to 
six activity cycles which have been described and depicted in models:  

• Theorize – Build cycle  
• Theorize – Evaluate cycle 
• Build – Evaluate cycle  
• Theorize – Research community cycle  
• Design research – General practice cycle   
• Build – Use cycle  
• Evaluate – Use cycle  

In the Hevner framework [11], the activity cycle between design research and the 
knowledge base (research community) is called rigor cycle. However, there must of 
course be rigor inside design research and its internal cycles. Rigor is rather 



 Activity Cycles in Design Research 59 

 

something that is created through a proper combined execution of the different 
activity cycles, both internal and external cycles.  

The research presented here has been conceptual. Although not explicitly referred 
to, due to the stated scope and aim of the paper, the author’s extensive experience of 
DR has had a certain influence on the content of this paper. In future research the 
presented conceptualisation needs to be more sharply applied and related to concrete 
examples of design research as empirical sources. 
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Abstract. This paper outlines an artifact building and evaluation proposal. De-
sign Science Research (DSR) studies usually consider encapsulated artifact that 
have relationships with other artifacts. The solution prototype as a composed ar-
tifact demands for a more comprehensive consideration in its systematic envi-
ronment. The solution prototype that is composed from blending product and 
service prototype has particular impacts on the dualism of DSR’s “Build” and 
“Evaluate”. Since the mix between product and service prototyping can be va-
ried, there is a demand for a more agile and iterative framework. Van de Ven’s 
research framework seems to fit this purpose. Van de Ven allows for an itera-
tive research approach to problem solving with flexible starting point. The re-
search activity is the result between the iteration of two dimensions. This 
framework focuses on the natural evaluation, particularly on ex-ante validation. 
A correlation between Hevner’s and Van de Vens framework is analyzed, and 
finally the proposal is presented. 

Keywords: Prototype, Solution Prototype, Product Prototype, Service Proto-
type, Artifact, Business Model Innovation, Business Process Innovation, Design 
Science Research, Build, Evaluate, Diamond Model. 

1 Introduction 

Design Science Research (DSR) applied to Enterprise Information Systems (EIS) 
deals with a consensus-oriented research paradigm compared to the more traditional 
behavioral research methods. While behavioral science concentrates on the develop-
ment and justification of theories that rather describe, explain or predict existing ob-
servations in a certain research field. DSR focuses on the construction and evaluation 
of artifacts. The framework in which the research is conducted is an excerpt from 
reality. As a precondition, the problem character must be rooted in reality. The orien-
tation towards the solution of the problem reflects the constitutional characteristic of 
DSR in EIS [23], [18], [6]. 

Enterprise Information System related research pursue goal of knowledge and de-
sign. In many cases knowledge is the initial point for designing the respective con-
struction of artifacts [39]. The construction of artifacts in design science research 
serves the purpose to explain a poorly understood real world problem [18]. Artifacts 
that have been built as components for problem solving can be categorized into  
models, methods, constructs and instantiations [23].  
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There have been analysis and discussions regarding the applicability and accep-
tance of design-oriented research why applied science took its time until adoption of 
this research method. Some reasons for this denial attitude were the conservativeness 
against the research method itself. It has been mentioned that alternative philosophy 
of science has not been accepted by researcher, other than the one that has been ap-
plied by the criticizing researcher. The rigor, particularly regarding the application of 
scientific standards where questioned. There has been the accusation that design 
science is rather a “consulting masquerading as research”. Additionally the lacking 
generality and abstraction of context-dependent design science was criticized as well 
[1]. Since then design science has been increasingly formalized to provide the  
researchers with a foundational framework for their design-oriented research. One 
formalization is also Van de Vens framework that allows a more iterative and agile 
approach. Before Van de Vens framework is introduced the dichotomy of the design 
cycle of classic Design Science Research is addressed. 

2 The Dichotomy of “Build” and “Evaluate” 

March and Smith [23] propose to differentiate between the four research activities 
“Build” “Evaluate”, “Theorize” and “Justify”. The “Build” phase relates to the con-
struction of artifacts while the “Evaluate” phase deals with the definition of evalua-
tion criteria that are checked against the artifact. “Theorize” and “Justify” are the 
attempts to develop explanations and discoveries that proof or disproof a certain  
artifact’s suitability under certain circumstances. Rossi and Sein [30] have a similar 
separation of research activities with an increased demand for a higher focus on the 
research gap. “Identify a need”, “Build”, “Evaluate”, “Learn” and “Theorize” are at 
the center of this research activities. Vom Brocke and Buddendick [39] also relate to 
the “Identify” phase as the initiation point for knowledge and discovery. The phases 
“Build”, “Document”, “Select”, “Evaluate” and “Communicate” complete Vom 
Brocke and Buddendick’s phased approach. 

 

Fig. 1. Hevner’s Three Cycle View on Design Science Research [17] 
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The dualism of “Build” and “Evaluate” is remarkable and at the core of the design 
science [17], [18], [39], [23], [30]. Even more centrally is the role of the artifact. As 
the artifact is the object in design science research that is built and then verified. Ac-
cording to Hevner et al. [18], an artifact can be constructs, models, methods and in-
stantiations. An EIS prototype can range from an abstraction and representation to a 
working or semi-working implemented module or part of bigger implemented soft-
ware. Hence a prototype is clearly categorized as an artifact [18]. The prototype can 
be part of an organization, a policy or a work practice which can also considered as an 
artifact. The prototype has therefore interrelationships with other artifacts in a syste-
matic environment to interact with and be part of [13]. As a blending of product and 
service prototype the solution prototype as a composed artifact requires a more com-
prehensive consideration. As the sum of the solution prototype’s elements is greater 
than standalone, the innovation capabilities are also expected to be higher as well. The 
wrong mix of product and service can mislead the innovation capabilities that the 
solution prototype is designed for. Before the presumed research framework can be 
analyzed that seems to be ideal, the solution prototype’s context in innovation man-
agement need to be better understood. 

3 Context of EIS-Based Solution Prototypes in Innovation 
Management 

Prototyping is rooted in Engineering, just like Design Science Research, [18]. The 
environment for which the prototype is designed is important because there is also the 
academic void rooted that needs to be researched. 

Prototyping has major impacts in the development of a new product, service, envi-
ronment, or experience. There are other major impacts on organizational setup like 
the business processes that run or entire new business models that emerge from the 
validity of the prototype. 

Prototypes have the advantage of building a common understanding among the in-
volved individuals avoiding long-during discussions, extensive analysis or building 
hypothesis in abstract terms. Major strength of prototyping is the enablement of orga-
nizational thinking through action. Thinks that can’t be thought through right from the 
beginning can be easier observed during the creation of a prototype. A faster learning 
can be achieved and iteratively improved or re-thought from a practical and academic 
perspective. Failing early and often with small and low-impact failures are rather 
positive. Things become more tangible in early stages. Prototypes implicitly encour-
age new behaviors, relieving individuals of the responsibilities to consciously change 
their habits [38]. 

Prototypes as artifacts are particularly suitable as they are derived from reality. The 
research method must take into account how various user groups respond. Technolo-
gically sophisticated consumers are likely the prospects for new product, service or 
solution innovation. It is also likely that the same user group is more demanding as 
they deeper engage with the final product or software solution. Usually they expect a 
more compelling experience with the product, service or solution. The innovation 
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researchers’ recognition towards an increased value of an early and high level user 
engagement with a company’s novel product has increased with the past two decades 
[35], [37].  

Prototypes can be distinguished according to its designed consumption. Since 
evaluation can be done against the prototype as an artifact and knowledge is develop-
able, it can also serve to answer the research questions. According to Kordon and 
Luqi [15]  a “…prototype is an executable model of a system that accurately reflects 
a chosen subset of its properties, such as display formats, computed results or re-
sponse time”. Prototypes can be created with less effort than it takes for creating an 
implementation for operational use. There is no expectation that the prototype pro-
vides all of the required functions. However the attributes that address the research 
question is key for implementation. Hence, the prototype is a simplification of the 
final solution leading in faster and easier development of the artifact [15]. The de-
mand that this this design science research has against the prototype is going beyond a 
functional prototype. There is the expectation to sensibilize a user’s emotional expe-
rience that is given by the prototype as well [4], [3]. 

There is a direct link between the type of innovation and the type of prototype. 
While academia distinguishes types of prototypes by their attributes, disposability and 
reuse such as throwaway prototypes [16] the discussion in this context is rather about 
the extensiveness and use in business context. 

As a conclusion, prototypes are very early tangible predecessors of innovative  
new products, services or solutions. Since there is the distinction in innovation man-
agement between product, service and solution innovation, there must also be a dis-
tinction of the prototypes depending on the purpose they meet in innovativeness. 
While product innovation with the respective product prototype (i.e. enterprise soft-
ware product, such as CRM system) seems to be more obvious, the service prototype 
as part of service innovation should be further discussed, particularly solution innova-
tion must be further elaborated. A suggestion for the reflection of the prototype types 
is shown below.  

 

Fig. 2. Classification of Prototype Types 

The two prototype types, namely product and service prototype serve as basis pro-
totype and innovation elements to solve all other innovation disciplines. 
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While software product itself can be used in the process of developing innovative 
physical goods, the discussion in this paper is rather focused on software and service 
prototyping as an innovative product itself. The software product or the software re-
lated service itself is considered the innovation.  

Services are by nature less or not at all tangible and cannot be stocked in the sense 
of goods movement. Services can be consumed solely or along with a product. [9]. 
For many years, service innovation wasn’t taken serious as an innovation discipline. 
Some of the reasons for the lack of rigorous attention are the perceived low value of 
services by consumers compared to tangible value of industrial goods [33]. This is 
surprising considering that the United States as leading global economic power gene-
rates 80% of its GDP with services [5]. Today the most valuable western companies 
are in services. Service Prototypes as part of service innovation must go beyond an 
improvement in the service prototype. There must be the novelty and specialty to the 
prototype that clearly distinguishes it from existing services and adds new economic 
and experienced value to the end user. These innovative services can be processes, 
performances, or experiences that the service provider offers for the benefit of the 
service consumer, usually requiring some kind of special competencies, such as capa-
bilities and knowledge, granting temporary access to resources, such as the people, 
information and technology . 

A fairly new and recently defined discipline is solution innovation. Initial thoughts 
in the context of EIS can be traced back to 2000 [32]. In 2004 solution innovation 
further evolved with respect to ASP (Application Service Provisioning). This is simp-
ly expressed the predecessor of EIS-based cloud computing with a rental business 
model [22]. Businesses have been demanding for end-to-end business solutions that 
can entirely transform their business model with information systems. Companies 
increasingly shifted from pure product vendors to solution vendors and therefore have 
now to think more holistically. Accordingly their innovation processes have to adapt 
as well keeping in line with EIS available. New solutions that are innovative need to 
combine product, services and organization capabilities [32]. Hence, solution innova-
tion comprises of product and services innovation. Such a solution prototype can 
comprise of one or more product prototypes (i.e.: logical integration of several and 
heterogeneous enterprise information systems such as ERP, CRM, cloud or mobile 
solution). 

Early business process related initiatives such as business process reengineering 
were driven by business and information systems [44]. It has been understood that 
business can only improve, renovate or re-design their business process to a certain 
degree taking only organizational aspects into account. In the early nineties the term 
process innovation was introduced first by Davenport, who claimed that more radical 
changes to business are required thinking in increasingly global dimensions. The hy-
pothesis is that only the combination of radical business process redesign along with 
the support of information technology can induce real business process innovation 
[14]. One example for such a business process innovation is the supply chain area. 
After multiple iteration of intra-organizational process optimization, many companies 
started to target on the business interface with their strategic partners and supplier to 
optimize at these ends. Vendor Managed Inventory was such a process innovation that 
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has been possible with a completely new process design and the utilization of enter-
prise information systems. These systems could help optimize the data that was gen-
erated at the inter-organizational interface between two manufacturing companies in 
near real-time [19]. While Business Process Innovation is still a prevalent topic for 
companies in re-orienting, redefining themselves, this innovation dimension focuses 
very much on process cost, process flexibility, time and quality [14]. But companies 
today are seeking for additional revenue streams beyond new sales channels, new 
markets and new products. The more recent trend is in business model innovation for 
those companies having seen the capabilities of contemporary information technolo-
gies. The more radical the change and hence the business process innovation is, the 
less dependent and more dominant this process becomes over time. These type of 
evolved business process innovations have the characteristics to turn into a business 
model (innovation). For instance the App Store of Apple Inc. turned from a technolo-
gy for app installation to a multi-billion app sales platform for smartphones. 

Business Model Innovation today, without the utilization of enterprise information 
systems is inconceivable, because the speed of change in business is heavily impacted 
by information technology. There is the consensus that at the core of a business model 
there is the value proposition to the customer, the profit and revenue formula, the key 
resources and innovative processes enabled by information technology [20], [8], [25], 
[24]. Prototypes can be one means to validate the innovation discipline. The service 
prototype, for instance, can help to validate the degree of the service innovation. The 
object of an artifact is always either a product prototype (i.e.: physical or intangible 
product such as software) or a service prototype or the meaningful composition in a 
solution prototype. Future published papers in this series of research, will be focused 
on user-led innovation cycles. More specific the research will be in “User-led innova-
tion cycles – Value of design thinking oriented solution prototyping in”. Both, busi-
ness process innovation and business model innovation offer the right space for this 
research. 

4 Classification of EIS-Prototypes in the Design Cycle of Build 
and Evaluate 

The impact and complexity of solution prototypes as artifacts must be understood to 
understand the prototypes innovation capabilities. The solution prototypes evaluation 
should only be allowed in an ex-ante way analyzed in its systematic environment. This 
requires a broader freedom to iterate between the design and validation with an agile fit 
for purpose. Not only does the Van de Ven framework focus stronger on the iteration 
but also obliges on a stronger collaboration between academia and practitioners. 

4.1 Building the Prototype 

The prototype as the central artifact is supposed to serve as a prescriptive means to 
solve the research problem that has its roots in reality. As part of the design science 
research that is used, the theory being built will theorize “how to do something” [10]. 



 Solution Prototype: A Composed Artifact as Innovation Carrier 67 

 

The theory that is developed will naturally explain why artifacts should have certain 
characteristics [36]. It appears logical that the product, service or solution prototype 
will not be the only artifacts that will be created and used for answering the research 
question. The prototypes are the instantiated form of an artifact [11]. The other ele-
mentary forms of artifacts, namely construct, model and method will also be subject 
for theory building [18]. Constructs which are abstracted concepts will enable the 
derivation for theorizing and the trans-situational use. According to March and Smith 
[23] the “conceptualizations are extremely important in both natural and design 
science. They define the terms used when describing and thinking about tasks”. Mod-
els are situated between the problem space and solution space helping to explore the 
effects of design decisions and the impact of changes in the real world. Design Think-
ing as an innovation method for practitioners has the same approach [4]. Models use 
constructs to depict a real world situation, hence the design problem and solution 
space [13]. The value of methods is in giving directions on how to solve problems or 
respectively how to search for the solution space. Such methods can be logically ex-
pressed mathematically or less structured in textual descriptions or best practices. 
Failing IT projects have their roots in underestimating the complexity and its fit for 
purpose. Thus there is a particular importance on the prototype as an instantiation 
with its problem solving characteristics. The instantiation demonstrates the feasibility 
and its suitability in a real world environment [18]. 

The design practice with the prototypes as artifacts will produce situational design 
knowledge. The iteration between design knowledge consumption and production 
will be improving the situational knowledge gathered through the artifact or respec-
tively the prototype [12]. Situational design knowledge is used for empirical  
grounding of abstract design knowledge and abstract design knowledge is used for 
theoretical grounding of situational results [11]. The justification of design knowledge 
means to investigate and present warrants for such knowledge. Researchers identified 
that a strong collaboration with practitioners is required to acknowledge the theoreti-
cal part [27], [28]. 

4.2 Evaluating the Prototype 

The central artifact has to be applicable and useful in reality for practitioners (rele-
vant) and at the same time contributing to the EIS knowledge base (rigorous). It must 
undergo a strong evaluation process to qualify for both rigor and relevance. Evalua-
tion has been a topic both in general IS research and in design science research. In the 
general IS literature, evaluation is generally regarded from one of two perspectives. In 
the ex-ante perspective, candidate systems or technologies are evaluated before they 
are chosen and acquired or implemented. In the ex-post perspective, a chosen system 
or technology is evaluated after it is acquired or implemented [21]. The prototype as a 
potential predecessor or conceptual excerpt of a final product will focus on the ex-
ante perspective. 

The prototype will be evaluated in its real environment (i.e.: within the company that 
it has been tailored for). Venable [42] calls this natural evaluation, because the artifact’s 
performance can be measured under realistic circumstances [42]. This evaluation  
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method offers the possibility to evaluate the prototype in use, by real or potential users, 
solving a business challenge. Due to its reference to reality, the natural evaluation has to 
be placed after the design practice outcome [41]. Compared to artificial evaluation 
which includes laboratory experiments, field experiments, simulations, criteria-based 
analysis, theoretical arguments and mathematical proofs [40] the natural evaluation 
leverages methods like case studies, field studies, surveys, ethnography, phenomenolo-
gy, hermeneutic methods, and action research. This is most appropriate because natura-
listic evaluation covers all of the complexity of human practice in real organizations 
[41]. The central means being used for this research will be the application of real use 
cases or case studies from within the context of business process innovation or business 
model innovation. 

4.3 Application of the Van de Ven Framework as Part of DSR 

Further grounding on the design cycle of Hevner [18] with particular focus on “Build” 
and “Evaluate” the iterative characteristics of the Van de Vens Engagement Frame-
work suits for building the solution prototype as artifact that complies with the core 
idea of DSR. The Van de Ven framework concentrates on the instantiation of an arti-
fact (prototype) as understood by Hevner [18] and March & Smith [23]. Van de Vens 
Framework [28] as an action and design science engagement framework [34] bridges 
the debate on how to address rigor and relevance in EIS [2], [14].  

Design Thinking (DT) as an increasingly practiced innovation method will be used 
to build the prototype with end users. DT will support conducting the field research or 
creating the case study. The discoveries made during the “Build” phase with Design 
Thinking will be evaluated against the Van de Ven framework to create the related 
design knowledge. The design knowledge serves than as input for the re-iteration of 
the “Build” phase when the artifact (prototype) is altered, refined or further developed 
to increasingly fit the problem space as solution. 

Van de Vens framework [28] is appropriate because the researcher applying this 
framework is not accepted as observer only. In addition, the researcher is asked to 
engage with experts from academia as well as practice. Hence this framework is high-
ly collaborative, expecting the involvement of experts in each phase of the research. 
Van de Ven [28] argues that the more complex the problem or the more comprehen-
sive the research question is, the more collaboration between researchers and practi-
tioners are required from different disciplines. The knowledge created in science and 
practice are different but they do not stand in opposition to each other or even substi-
tute for each other. Van de Ven sees both knowledge gains as complementary to one 
another [28]. Knowledge in practice is rather experience oriented and situational whe-
reas scientific knowledge seeks for generalization and trans-situational use of know-
ledge by deriving formal logic with causal relationships. The less context-dependent a 
theory is, the more general and the more profound it is [43].  

Van de Ven’s [28] engagement framework that is also known as the diamond mod-
el considers the four dimensions of Model, Solution, Reality and Theory. These four 
dimensions are interrelated with each other, helping to specify the research activities. 
The more often the iteration is around a dimension and the stronger the relationship 
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between two dimensions, the more concrete is the definition and specification of the 
research activity. In Van de Ven’s diamond model [28] the research activities such as 
Research Design, Theory Building, Problem Solving and Problem Formulation con-
clude from the interaction of two dimensions [28]. 

 

 

Fig. 3. Engaged Scholarship diamond model [28] 

There is no requirement to start with one particular dimension or research activity. 
In my research there will be particular notice on the problem formulation to ensure 
the design-orientation. Many researchers tend to be solution-minded, rather than prob-
lem-minded underestimating the problem formulation and rushing through it. The 
goal is to avoid missing undetected problem spaces or opportunities that could be 
overseen [29]. 

The diamond model of Van de Ven complies with Design Science Research as the 
focus is in actionable and design-oriented research. If Hevner’s Three Cycle View on 
Design Science Research can be considered as one of the central DSR frameworks 
than the Environment dimension can be compared to the Reality dimension of Van de 
Ven’s diamond model. Similarly, the Design Science dimension with “Build” and 
“Evaluate” can be compared to the Solution and Model dimensions. Finally, the 
knowledge base is then the counterpart of the Theory dimension where situational and 
trans-situation knowledge is stored that has been created earlier or through the design 
cycle [28], [18]. 

Referring specifically to the role of the solution prototype as instantiation  
artifact, the following table indicates with which means the artifact can be built and 
evaluated. 
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Table 1. Composed Artifact building and evaluation proposal  

 

5 Conclusion 

The solution prototype as a composed artifact requires special attention during its 
build and evaluate phase, because solutions in general offer the option to vary the 
degree of mix between product and service. The solution innovation degree can be 
strongly impacted by the solution prototype’s mix between product and service proto-
type. An iterative approach of developing the artifact is preferred to find the right 
mix. The Van de Ven framework allows iterating in each dimension and doesn’t im-
pose on with which dimension to start with. The research related activities are emerg-
ing from the iterations of two dimensions. This kind of action-oriented and agile  
research method seems to suit best for composed artifacts. The ex-ante validation 
requirement of the Van de Ven framework for the solution prototype has the advan-
tage of giving a glimpse on the ex-post validation of an roll-out capable solution for 
real world usage. It is expected that the value of the solution prototype is greater than 
the sum of its elements (product & service prototype). This article prepares for a se-
ries of research papers that will cope with “User-led innovation cycle – value of  
design thinking oriented solution prototyping”. 

6 Design of Case Studies: Insight-Driven Development  
of Solution Prototypes That Bridge Research and Business 
Challenge  

Orlikowski and Iacono [26] refer to the IT artifact as the “core subject matter” in the 
EIS research. 

Having understood the importance of this particular instantiation from an artifact  
there are some questions that only can be answered if dedicated prototypes are developed 

Goal Build Output Evaluation Metrics Methodology

Constructs
Identi fy the relevant bus iness  
chal lenges  in process  and bus iness  
models concepts  tha t fi t the use  ca se

fit for purpose; meas ures  from 
concepts  a l ike

l i tera ture, interviews, ideation, 
cross -industry transferrable 
concepts

Methods

use innova tive  methods s iutational  model

novel ty degree; degree of 
innovation, bus ines s  measure; 
performance indicators

l i tera ture, ideation (Des ign 
Thinking); best pra cti ce

Models

non-executable idea  collection

instantiable (prototypa ble) models , 
wi th given feas ibi l i ty, di saribi l ty 
and viabi l i ty

performance indicators ; value 
propos i tion to end user

ideation (Des ign Thinking); best 
pra cti ce; corporate idea  pool

Instantiations
Create a  refined prototype tha t 
sui ts  the problem a nd al lows  
theory bui lding

Low-fidel i ty of high-fidel i ty 
Prototype

tra ns-s i tuation us e in fami l ia r 
s i tuations ; performance indicators , 
value  propos i tion to end us er; 
industry thought lea dership 
feedback; 

ideation (Des ign Thinking), 
feedba ck, measures , solution-fi t 
questioning
aca demic mehtods  tha t worked, 
best pra cti ce, communi ty-driven 
mea sures
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for each major question that relates to a challenge in reality. In this research it is intended 
to find answers to the following primary questions: 
 
Primary Questions: 

1. Do low-fidelity prototypes deliver a higher value than the high-fidelity prototypes  
Study 1 
Value of Prototypes with respect to viability, feasibility and desirability 

 

2. Is the prototype the breaking point for a potential business model innovation or 
business process innovation? 
Study 2 
How can the tangibility of solution prototypes within design thinking process with focus on viability 

influence the decision making stronger than traditional business cases or business plans in a business 

model innovation (not traditional or existing business models). 

Is the empirical 

3. Is the implicit knowledge that is inherent to the prototype more valuable than the 
research or look-up related knowledge base?  
Study 3 
Is the prototype carrying more knowledge than the derived theory in the knowledge base 

 

4. What are challenges that arise with composition of product and service proto-
types into a solution prototype?  
Study 4 
How do the design thinking phases for solution innovations need to be constructed assuming that ap-

plication of design thinking for service innovation is different than product innovation.  

Prototype Study 1 

• Create a low-fidelity and high-fidelity EIS prototype in parallel with two split but 
similar teams. Explore the innovation capabilities for a business model and eva-
luate the value in terms of the business model innovation’s feasibility, desirability 
and particularly business viability.  

• Document preparational work of team members, behavior in certain situations, 
relying to work experiences, evaluate against internal and external (end-user) 
feedback 

• Define comparable measures for evaluating the low-fidelity (LF) and high-
fidelity (HF) prototype 

• Discuss the strategic, operational and economic value with stakeholders 
• Discuss the LF vs. HF prototype desirability with end-users for realization and 

personal use 
• Reiterate, refine the prototype or start over completely from scratch towards the 

research problems and business challenge’s solution while documenting know-
ledge 
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Prototype Study 2 

• Research and Interview decision makers rationale based on solution prototype 
creation and availability 

• Design solution prototypes with the intention to influence stakeholder’s decision 
making on a business model 

• Determine hard and soft factors (measures) related to the solution prototype for 
decision making in business model innovation 

• Understand the time that is required by stakeholders for decision making based 
on data from the prototype in order approve the realization of a new business 
model that is innovative 

• Build in design elements and features into the prototype that can lead to refusal or 
acceptance of solution prototype 

• Evaluate the single team members’ identification with the solution prototype and 
the buy-in to a business model after prototype generation 

• Reiterate, refine the prototype or start over completely from scratch towards the 
research problems and business challenge’s solution while documenting know-
ledge 

Prototype Study 3 

• Determine knowledge carrier characteristics of a prototype 
• Analyze the comprehension capability, knowledge transfer and the learning-by-

doing value of a prototype 
• Analysis knowledge translation from prototype to theory and storage in know-

ledge base 
• Research whether a prototype with fewer features can carry more knowledge 

compared to a feature-rich solution prototype 
• Compare knowledge carrier characteristics of EIS-prototypes with prototypes not 

related to software. 
• Reiterate, refine the prototype or start over completely from scratch towards the 

research problems and business challenge’s solution while documenting know-
ledge 

Prototype Study 4 

• Co-develop a product and a service prototype that complement each other in a 
business process or business model innovation  

• Understand the linkage between product and service prototype 
• Analyze the design thinking process for adaption for a composed artifact, particu-

larly solution prototype 
• Understand the solution prototype’s ideation power at the interface between 

product and service prototype 
• Compare results with cross-industry results 
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• Evaluate trans-situational use and fit for similar challenges from reality in other 
domains or industries 

• Reiterate, refine the prototype or start over completely from scratch towards  
the research problems and business challenge’s solution while documenting 
knowledge 

All four prototype studies will be researched in further academic papers and will be 
leveraging a unified structure with at least for comparability reasons: 

1. Purpose, Scope and Contribution 
2. Functionality 
3. Current State, Evaluation, Future research 
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Abstract. Service oriented composition is a prospective approach, which 
enables flexible and loose composition of applications whereas data is an 
integral part of service. Our research examines various perspectives of data 
quality in the flexible service oriented environment. In this paper we present a 
process that would assess data within service oriented environment based on 
business rules. By analysing service data against the rules we are able to 
identify problems in service composition and execution. Moreover taking into 
account the Quality of Service (QoS) we can provide an approximate location 
of the error. The process is developed following design science, and in this 
paper we underline the literature review perspective.   

Keywords: Design Science Methodology, SoA, Systematic Literature Review.  

1 Introduction 

Service oriented architectures (SoA) are a promising approach that offers the business 
a flexible and agile way of integration new services and thus improve the dynamic of 
the business process. Owing to the SoA key principles such as reusability, 
interoperability, and standardization, enterprises can benefit in many ways [1] – 
reducing the costs of operation and maintenance [2], less time for applying new 
services [3], more agile service management [4]. According to recent surveys, 
conducted by different independent organizations [5] among 400 IT professionals, the 
primary driver to undertake SoA project was cost savings as well as short time to 
response the market needs. The tasks of developing completely new applications, 
making certain adaptors for legacy systems, or rewriting present applications are now 
outdated [6]. Principally boosted by Web services connectivity, service-oriented 
architectures are now considered the preferred way to designing an information 
system.  

However, in more complex architectures orchestrating the services can be difficult 
to handle [7]. It could be really challenging to managing such architectures without 
having the awareness of the data, processes and events running within the enterprise 
environment. To support the process of orchestrating, as well as development and 
evolving progress, a data monitoring techniques must be integrated [8]. These 
methods, of course, must comply with business requirements, in order to achieve 
adequate surveillance results. In other words, management tools and manners are 
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inadequate without using an appropriate monitoring. Thus why, crucial assistant for 
proficient and effective deployment and operation of an SOA-based net-centric 
system is a comprehensive monitoring capability.  Nevertheless, present monitoring 
solutions fall short [9] with respect to such systems because they do not hold the 
capabilities to effectively detect poor data - inconsistent or inaccurate data and so to 
provide comprehensive shared situational perception. Hence, considering the facts we 
have pointed above, the need of assessing process is more than obvious. 

In this paper we propose a holistic approach to assess data within service oriented 
environment. We achieved that by developing a business process for data evaluation 
that will follow business rules approach. Moreover, in order to assure that our process 
is applicable and feasible we followed design science research methodology [10]. 
Ultimately our process aims to guide enterprises when considering developing and 
assessment tool to their business. 

The rest of this paper is structured as follows: In the next section, we describe our 
employed research methodology - the process oriented reference model [11] derived 
from design science paradigm. Section 3 briefly presents how we executed a literature 
review part of the methodology to build our process for detecting data quality issues 
in the service oriented way. Then, we elaborate on each step that comprises our 
process for assessment data quality in SoA.  Finally, section 4 will conclude our work 
by summarizing the major points and providing some directions for our future work. 

2 Design Science 

Design science focuses on creations of artificial systems. It addresses research 
through the building and evaluation of artefacts designed to meet identified business 
needs [10]. Design is proposed as a research strategy to gain knowledge and 
understanding about the object under construction. Artefacts are understood as entities 
that have some separate existence [12]. In our research, the artefact is the process of 
assessment data within the service oriented environment. To build the artefact we 
referred to the process-oriented reference model that was introduced as a part of the 
design science methodology for researchers aiming at process construction. Fig. 1 
illustrates the model in the design science settings. 

 

Fig. 1. Overview of the Process Oriented Reference Model in Design Science Research [11] 

While we acknowledge this iterative nature of the activities involved, the model 
will be discussed as a linear sequence of steps to keep the description straightforward. 
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2.1 Problem and Objectives of Solution 

In the first phase of the research process, a problem is defined. It has to show a 
practical relevance or might be of relevance once showed [13]. Problem identification 
defines the specific research problem, justifies the value of a solution, and should be 
in the domain of information systems research, either from the academia or industry. 
The problem definition will be used to develop an artefact that can effectively provide 
a solution. Objectives for such a solution refer to the knowledge of what is possible 
and feasible. The objectives can be quantitative, such as terms in which a desirable 
solution would be better than current ones, or qualitative, such as a description  
of how a new artefact is expected to support solutions to problems not hitherto 
addressed [14].  

2.2 Literature Review 

A methodological review of past literature is a crucial endeavour for any research 
work [15]. The need to uncover what is already known in the body of knowledge 
prior to initiating any research study should not be underestimated [16]. Thus the 
process oriented reference model starts with conducting a systematic literature review. 
It splits this activity into a broad and advanced search.  

The broad search concentrates on finding research relevant materials. The main 
focus is put on reading abstracts, conclusions, prefaces, and references of the found 
materials in order to collect as much potential leads to relevant information as 
possible. The rigor of the systematic search process is one factor that distinguishes 
this approach from others. It is iterative and benefits from identification of existing 
systematic reviews, assessing the volume of potentially relevant materials, and 
using various combinations of search terms derived from the initial scope.   

The advanced search focuses on analysing and assessing the actual relevance of the 
found materials. Main and secondary objectives along with the exclusion criteria from 
the initial scope are intended to identify those materials that provide direct evidence 
about solution for the domain. In order to reduce the likelihood of bias, these criteria 
may be refined during the search process. Moreover, the quality of those materials is 
assessed. The aims are to weight the importance of individual information when 
retrieving particular activities for the desired process; to lead the interpretation of 
findings and determine the strengths of results; to provide recommendations for 
further research. 

The ultimate goal of the literature review is to identify activities from the found 
materials. Each activity should be accompanied with a meaningful description and 
rational of selection. It is a good routine to keep the search for materials transparent 
and replicable as far as possible. Thus, the research should be documented in 
sufficient way that the readers are able to access the thoroughness of the search. Once 
activities from the literature are determined, they are shaped into a process.    
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2.3 Process Modelling 

The process oriented reference model distinguishes two main modelling activities. 
First one structures the found activities into knowledge base. This provides semantic 
constraints of concepts, once either literature review or collaboration with 
practitioners finished gathering information. This is achieved thanks to ontology 
engineering. The second activity is to model a solution based on the knowledge base. 
It uses Business Process Modelling Notation [17].  

Ontology Engineering. It gives researchers the design rationale of a knowledge base, 
kernel conceptualization of the world of interest, semantic constraints of concepts 
together with sophisticated theories and technologies enabling accumulation of 
knowledge which is dispensable for knowledge processing in the real world [18].  

The concept of ontology engineering process involves defining terms in the 
domain and relations among them; defining concepts in the domain (classes); 
arranging the concepts in a hierarchy (subclass-superclass hierarchy); defining 
attributes and properties of classes and constraints on their values; defining 
individuals and filling in property values. Ontology engineering approach reflects the 
structure of the world; is often about structure of concepts; actual physical 
representation is not an issue [11]. 

Business Process Modelling Notation (BPMN). Having structured the knowledge 
base, the design science researcher constructs the process model in this phase. The 
most desirable modelling technique for business processes should be expressive and 
formal enough but easily understandable also by final users and not only by domain 
experts faced out. At the present, the state-of-the-art in the field is represented by 
BPMN [19]. 

This phase starts with an overall picture of the business and continues by analysing 
each of the functional areas of interest. This analysis can be carried out to specify the 
level of detail required. The technique exploits a method called top-down expansion 
to conduct the analysis in a targeted way. The result is a series of diagrams that 
represent the investigated process. The process comprises one or more business 
process diagrams. Initially a context diagram is drawn, which is a simple 
representation of the entire domain under investigation. This is followed by a level 1 
diagram; which provides an overview of the major functional areas of the domain. 
The level 1 diagram identifies the major business processes at a high level and gives 
rise to a corresponding level 2, which is its decomposition. The decomposition of the 
process can then be continued – through level 3, 4 and so on. However it is very 
unusual to go beyond a level 3 diagram.  

2.4 Collaboration with Practitioners 

The aim of this phase is similar to the literature review with the exception that 
practitioners’ expertise is used as the source of information for the process. 
Practitioners are recruited and selected based upon predefined characteristics such as 
relevant work experience on the domain under investigation. If practitioners do not 
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have congruent or conflicting interests, a focus group can be formed. A focus group 
enables participants to react to other group members and to produce common 
activities for the process that might have not been uncovered in individual interviews. 
It provides a reasonably rich data set and importantly it allows the researcher to draw 
conclusions about contrasts or similarities in the collective opinions across various 
focus groups as well as the depth of dissenting opinions within a particular focus 
group [20].  

2.5 Process Synthesis 

Different process models may use terms and concepts with subtly different meanings, 
thus the first step in this phase is to combine all ontologies and produce a mutual 
knowledge base. This knowledge base is to integrate models comprising natural 
language results and conclusions. The most generic process of the investigated 
domain is obtained by tabulating in a manner consistent with the domain problem. 
Tables are structured to highlight similarities and differences between models. This is 
achieved by employing meta-ethnography synthesis which put together written 
interpretive accounts [21], where mere integration would not be appropriate. In 
determining how process models are related, a list of themes or tables to display 
concepts across all process models is created. This puts on ease comparing the themes 
and concepts from model 1 with model 2, and the synthesis of these two models with 
model 3, and so on, beginning from the list of themes created above, but keeping an 
open mind for emerging ones. As the comparison continues, the initial broad 
categories of themes are gradually refined by merging and collapsing. While this 
approach is pragmatic, and assisted in the synthesis of many disparate process 
models, it is possible that this prior categorizing had some effect on the results of the 
synthesis, and may also have constrained the emergence of new categories [22]. 

There is a general acceptance that the synthesis process cannot be reduced to 
mechanistic tasks, and may, in practice, be difficult to replicate. Differences in 
synthesis approaches may also be due to differences in the extent to which included 
studies report second order interpretations and in the number of process models 
included in the synthesis. 

2.6 Evaluation 

Once the process reaches a sufficient state, its evaluation can be started. Evaluation 
delivers evidence that a solution developed in design science research achieves the 
purpose for which it was designed.  

Researchers identified a number of methods that can be used for evaluation of 
design science artefacts. Hevner [23] proposed five classes of evaluation methods: (1) 
Observational methods include case study and field study. (2) Analytical methods 
include static analysis, architecture analysis, optimization, and dynamic analysis. (3) 
Experimental methods include controlled experiment and simulation. (4) Testing 
methods include functional testing and structural testing. (5) Descriptive methods 
include informed argument and scenarios. Selection of the appropriate method 
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depends on the purpose of the process stated in the objectives. Two goals should be 
achieved here. One is to demonstrate that the process feasibly works to achieve its 
purpose in at least one context. The second considers how well the process supports a 
solution to the problem. 

2.7 Communication 

At the end of the evaluation phase, results are summarised and published. This could 
be in form of a PhD thesis, journal or conference article [24]. Researchers should 
publish individual results and intermediate data to gain early feedback on the research 
results. The focus should be on specific contexts for individual or organizational gain. 
That is, the importance of the problem and the novelty and effectiveness of the 
solution offered by the artefact should be explicitly underlined. 

3 Process for Assessment Data Quality in SoA 

The following process describes the application of the process oriented reference 
model in design science research. First we outline our research motivation and 
questions. Then, we present the execution of the systematic literature review and 
derived results. Since, the aim of this paper is to underline the literature review 
perspective to our research problem, all insights and activities identified by 
practitioners has been detached.   

In the period of 8 months, we have investigated the data quality in the context of 
SoA in academic and professional literature.  We found that in complex architectures 
orchestrating the services can be difficult to handle without having awareness of the 
data. Hence we set as the research objective a discovering a process that will facilitate 
detecting poor information. In order to build our process we need to determine two 
important questions: (1) How we define poor data in SoA? and (2) How we detect 
viral data within Service oriented Environment? Following the process oriented 
reference model, a systematic literature review was conducted. Fig. 2 illustrates our 
approach to the systematic literature selection. Closer attention was paid to 
publications, special issues, and specialist conferences that explicitly emphasized on 
the keywords ‘define’ and ‘detect’ poor data.    

Looking from informational quality point of view the term ‘detecting’ is comprised 
in the term ‘defining’. This suggests that before poor data to be detected it must be 
defined first. Researchers identified a number of definitions about data quality [25] 
[26]. Some of them are different and other share common idea [27]. Poor data, on the 
other hand, can be dafined as contradiction of quality data. Based on the statements 
and references above about qualitative data we define poor data. Form information 
technology point of view, poor data can be any data which does not satisfiy business 
requirements of its intend and thus fail to deliver enterprices expected results. 

Concerning methods for detecting bad quality data in information systems, 
literature identifies few approaches. Some of them include data ontology analysis [28] 
[29], other direct database analyses by using trust tables [9], third rely on applying 



82 Ł. Ostrowski, P. Petkov, and M. Helfert 

 

business rules [30] [31]. In our process we took into account business rule approach 
because it allows assessing data more objectively than the other approaches since it 
allows the business ultimately to define the data in the context it is used. As one of the 
definitions of data quality states: “Business ultimately defines data quality”. Unlike 
other methods for evaluation data quality, effectiveness of business rules method 
depends on the quality of the business rules. In that way data quality is linear function 
of the business rule quality. 

 

Fig. 2. Flow Diagram of study selection procedure [32] 

We derived our process by following the general perception of data quality 
management (DQM) [33]. Our literature findings identified four main stages in data 
quality cycle - Quality Assessment, Quality Design, Quality Transformation and 
Quality monitoring - followed by seven sub stages: Capturing Metadata, Profile Data, 
Data rules, Data flow, Process Flow, Execution and Monitoring stages. As it can be 
perceived from Fig. 3, this process is too generalized and thus does not provide us 
with specifics way to detect quality issues and particularly in service oriented 
architectures. However, it delivers a valuable direction of the overall process of data 
assessment and monitoring. Hence, we followed this process paying particular 
attention to the core elements of detecting poor information within service 
environment. 

Taking into account data quality management, business rule approach, standards 
and specifications such as (Business Process Execution Language) BPEL, (Web 
Service Description Language) WSDL and Simple Object Assess Protocol (SOAP) 
involved in SoA, we delivered the process for assessment data quality in SoA. The 
following section presents the process. 
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Selecting a BP Process. In this step a business process or sub-process is selected by 
an authorized person. The process of selection could be executed in two ways – (see 
figure 4) by picking business process from visual software tool for modelling and 
executing business processes(point and click) or (2) selecting the BP by using start  
and end point variables through BP engine console. 

Extracting BPEL Variables. In extraction phase, the business process chosen from 
previous step will undergo series of analysis. Ultimately specific meta-data (data 
about the process) will be obtained and temporary stored. This meta-data will include 
‘service name’, ‘operation’, ‘input’ and ‘output’ variables. For the purpose of the 
extraction, BPEL file containing the prescription of the selected process will be open 
for examination. The process of analysing will consist of scanning the file and 
searching for BPML attributes that correspond to the metadata that need to be 
collected. 

Building the Monitoring Rules. The actual construction of the rules is done by 
business body – architect or administrator. The metadata stored temporary form BP 
reader in extraction stage then is referred to WSDL repository and files containing the 
relevant variables are opened Then a list of services along with their data/read 
functions is presented to the user. Next the business administrator/architect composes 
the rules using Business rule approach. 

Mapping the Rules with Processes and Storing Them into Repository. The 
composed rules are stored in an external repository. In order to maintain their 
execution in loosely coupled way, we introduce a holistic way to store the rules into 
XML files. Hence we propose suitable XML template which stores process ID and all 
Rule correlations. The implementation of the XML template will be omitted due to 
the scope of the paper.  

Execution Stage. Execution stage is the phase where the defined by business quality 
applies to the data. More specifically, in our case, the defined quality is done by 
following the process of composing monitoring rules described in previous paragraphs. 
Next few paragraphs describe how this rules are execution in the service oriented way.  

Pre-execution Stage. This stage is assurance stage. Assurance in this context means 
that monitoring rules that were composed by applying the Preparation process will be 
inspected for outdated information. The process of inspection consists of opening the 
rule repository, then reading the rules and compares the variables according the 
business processes mapped to them. If an out-dated rule is detected, the business body 
will be referred to that rule and accordingly to the stage of building monitoring rules, 
part of preparation stage. This step is executed every time before the rules are being 
executed. In this way we prevent faulty detections. 

Reading Rules from Repository and Building SOAP Enquiries. As contradistinction 
with other SQL – based approaches, our will allow information to be assessed without 
having direct access to a particular physical data source. This suggests that in this phase 
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we use the existing SOA infrastructure and more particularly the SOAP standard, the 
Enterprise Service Bus (ESB) and most importantly the Message Router block. The 
Message Router block is usually part of the SoA Business Process Engine (BPE). Its job 
is to dispatch accordingly every SOAP message to different services. 

Executing and Waiting for the Results. After the all SOAP enquiries have been 
dispatched, the services generate outputs in accordance with their get operations input 
parameter. The generated results are being collected by Message Aggregator block 
which, in its part, is also part of the Business Process Engine. Message Aggregator’s 
role is to collect all the outputs generated form the services and the compare them 
with the expected results. The key part in this stage of the process is checking if any 
of the services that have been inquired by the Message Router block is involved in 
execution of some Business Process. This is very important since service that has 
been used to produce data can be, in the same time, inquired to provide data. This 
may cause so called ‘dead lock’ or in other words inaccurate detection. We avoid that 
by mapping the rule with the process. (See Preparation stage) In this way the services 
involved into monitoring rule and the process ID stored are compared. 

Generating Log. Generating is the output phase of the Execution Stage. The final 
result provided by the Message Aggregator is stored in specific problem log file. 
Although there are approaches to specify log formats, current approaches such as the 
Common Log Format and Combined Log Format of W3C are not sufficient for our 
approach, as they are not directly able to represent the required information. 
Therefore, we propose a practical oriented log file which will contain information 
such as id, name, instance, address etc. about the services caused the mismatching as 
well as violated value and other related rules involved. The presentation of the log file 
will be intentionally excluded in order to narrow the scope of the paper. 

Analysing Stage. Analysing stage can be referred to the quality monitoring stage in 
DQM it our case analysing stage involves generating to a problem-cause reports in 
accordance to the user preference – e.g. generating report with the names of the 
‘faulty services’ or ‘number of the mismatched rules’. In any way, in order to 
generate such reports a services’ log must be read first. Ultimately the analysing stage 
aims to evaluate the whole process of detecting viral data. 

4 Conclusions 

In this paper we presented a process that assesses data within service oriented 
environment based on business rules. Apart from other well-known methods for 
directly extracting or integrating business rules form and into business process, our 
approach differs in the way by providing the business bodies with a holistic solution 
that will aid them with building rules which will serve as data quality arbiter. The 
approach uses BPEL language to extract services names and operation and then with 
backend by WSDL library offers a list of operations that aid the business architect 
witch composition of the rules.   
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Following design science approach, activities for the process were derived from 
academic and professional literature. The next step is to construct the process based 
on the SoA and data quality practitioners’ contribution, and synthesize both outcomes. 
This would give us the consolidated process for assessing data quality in service 
oriented environment. Additionally, we aim to provide a way to deliver monitoring 
rules by analysing the regular business rules that are stored into business rule 
repository. Our ambitions include that we apply the consolidated process to a real 
case scenario. 

The process also demonstrates a successful application of the process–oriented 
reference model in design science research. We thus started with identification of the 
objective of the research, then carried out systematic literature review and engaged 
practitioners to build the process in BPMN. The meta-ethnography synthesis of the 
processes gathered from various literatures was presented in this paper. This paper 
itself constitutes the communication phase of the methodology.   
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Abstract. Computers have been considered and appropriated for natural lan-
guage translation since the late 1940’s. Since the commercialization of the 
Internet in the early 1990’s, the role of computers to support translation work 
has expanded. The idea of ‘crowd sourcing’, i.e. engaging website visitors or 
community members, has been appropriated to enable ‘crowd translation’ or 
‘community translation’ of multi-lingual web sites. In this paper, we present 
Babbler - a novel concept for community translation. The concept is described. 
A proof-of-concept (software implementation) was built and put into use in an 
information systems development project. The concept and the software were 
evaluated through log analysis and interviews with translators. We demonstrate 
various qualities of the concept and its implementation, including its effective-
ness, efficiency, reliability, workflow, implementability and performance. Im-
provement opportunities, implications for future research and implications for 
practice are discussed. 

Keywords: Translation, Crowdsourcing, Information Systems Design, Design 
Science Research. 

1 Introduction 

Multi-language web sites are now prevalent. Designing for multiple languages intro-
duces specific challenges to information systems development (ISD). The software 
per se needs to be designed to support multiple languages. Further – and perhaps 
more importantly – there is a need to address the translation of text into multiple lan-
guages. Translation is an important activity both during the initial design of software, 
as well as in software maintenance and continued design.  

In 1949, Warren Weaver first introduced the idea of using computers for natural 
language translation. Weaver proposed the use of statistical techniques that were 
commonly adopted in communication theory [15]. More recently, in the World Wide 
Web context, practitioners and scholars have developed several novel translation 
practices and translation tools. While machine translation is still being explored, com-
puters are also employed as collaboration tools for human translation, i.e. ‘crowd-
sourcing’ for translation purposes. Different incentives are put into play to promote 
people to contribute to translations.  
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Community translation – or collaborative translation – is somewhat similar to 
‘crowd’ translation through its interest in engaging groups of stakeholders to actively 
contributing to the translation process. The difference, arguably, is the delineation 
Crowd implies that we seek to engage as many people as possibly, in order to harvest 
the ‘wisdom of the crowd’ [6]. Crowd translation approaches are gaining attention in 
industry [12]. Community translation, on the other hand, seeks to establish new forms 
of translation practices and design tools to support the collaboration process and en-
hance the quality of translations.  

It is well known that design processes benefit from stakeholder participation [1, 7-
8, 13-14]. We base this work on the idea that community translation can be used as an 
instrument to engage stakeholders during design. Community translation has been 
discussed as a general phenomenon. It is, however, not been researched as part of 
ISD. The aim of this work is to examine an emerging translation concept that we refer 
to as in-place translation, in the context of ISD. The novelty in our concept, we argue, 
lies in its simplicity and in its application within ISD.  

We demonstrate the in-place translation concept, where it supported an ISD process 
the context of health care. A proof-of-concept is provided (a software implementation), 
and we evaluate the concept through (i) log data about the translation process and (ii) 
interviews with the domain experts who appropriated the software most frequently to 
contribute to the translation process. Based on the evaluation, we reflect about the quali-
ties of the proposed translation concept, and discuss improvement opportunities. 

2 Drawing from the Knowledge Base 

Several social media sites, e.g. Twitter and Facebook, employ crowd translation tech-
niques to engage their community to support translation. In addition, web browsers 
are given translating capabilities through extensions and 3rd party plug-ins, such as 
‘Right-click and Translate’ and ‘Translate selected text’ plug-ins for Google Chrome. 
In addition, user-generated translations are extended through installable modules in 
content management platforms such as Drupal. We include these examples to indicate 
the increased interest for translation in the software industry. Another sign of the 
commercial interest in crowd translation is that Facebook filed an application for a 
patent regarding ‘community translation on a social network’ (US patent No. 
2009/0198487 A1). 

Both crowd translation and community translation are based on the premise that 
users are empowered to translate phrases within the application environment. Clearly, 
such a solution can be devised in different ways. Several solutions, such as Face-
book’s translation tool and the ‘Right-click and translate’ plugin for Google Chrome, 
offer the users to translate a text ‘in place’, i.e. do the translation in the same view 
where text is translated. In a translation situation, user interfaces (UIs) are typically 
designed to support the translator through information about the original phrase, as 
well as alternative translations in different languages. 

We do not claim to present a comprehensive overview of related artifacts. We do, 
however, argue that there is an increased commercial interest and an increasing use of 
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artifacts for crowd translation. The latest translation features in Facebook are very 
similar to the artifact we will present here, though they have been developed indepen-
dently in parallel. The latest additions to the Facebook translation feature include 
‘inline translation’ with a UI similar to the one we propose in this paper. 

As outlined in the introduction, our main inspiration from the literature is the idea 
of engaging a ‘community’ or ‘crowd’ in the translation process. Another important 
concept is that we are interested in translation in the context of IS development. First, 
the approach should be beneficial since the users themselves decide how to phrase 
texts in the UI. The idea of incorporating business language into UI design has been 
advocated by IS researchers – there should be a ‘match between the system and the 
real world’ [11]. Second, empowering users to translate text ‘in-place’ offer them a 
novel type of participation in the development process. User-centeredness is often 
depicted as an important element in IS development [9-10, 13]. By assigning to users 
the responsibility to translate texts they are inevitably entangled in the design work. If 
they do not contribute, the design process halts.  

In order to promote use of the translation features, we strived for usability ideals. 
In particular, we wanted the features to be simple and easy to learn, in order to pro-
mote the traditional usability goals effectiveness, efficiency and satisfaction [13]. It 
was assumed that without a simple and easy-to-learn design, the translation feature 
would not be used at all.  

3 Method 

This study is part of a larger design science research (DSR) endeavour in the research 
programme U-CARE at Uppsala University. In brief, DSR guidelines [5] state that the 
design cycle should be informed by a relevance cycle and a rigor cycle [4]. 

U-CARE offers a good environment for to promote relevance in research. The 
overarching goal of U-CARE is to promote psychosocial health among patients struck 
by somatic disease and their significant others, ideally at a lower cost to the benefit of 
individuals and society.  Research is conducted in close collaboration between re-
search groups in clinical psychology, information systems, and economics. Initial 
research activities are performed within the areas of paediatric oncology, adult oncol-
ogy and cardiology in close collaboration with clinicians at Uppsala University  
Hospital. The studies are designed in close collaboration with several clinical envi-
ronments and patient organizations. The design process was set up in accordance with 
agile values [2]. Development sprints lasted for 2–3 weeks, followed by sprint re-
views where various stakeholders were exposed to the latest version of the platform. 
In addition, external specialists and patient groups were invited to explore the soft-
ware, followed by workshops in which they provided feedback to the design team.  
In total, 40+ design workshops have been organized, engaging a great variety of 
stakeholders. 

With respect to rigor, researchers from multiple disciplines have contributed to the 
design process. Through collaboration with psychologists and researchers in psycholo-
gy, knowledge about previous software platforms and the knowledge base from  
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psychology was factored in to the design process. IS researchers ingrained the design 
process with knowledge from the IS field and its sibling disciplines (primarily interac-
tion design and software engineering). The IS input is based on a pragmatic stream of IS 
research, focusing social interaction through instrumental use of technology [14, 16]. 
The software was equipped with a logging function to enable retrospective analyses of 
user actions. Analysis of log data reveals how users worked with the translation tool. In 
addition, six interviews were conducted with frequent translators to allow for a qualita-
tive assessment of translation work. Interview data was interpreted and categorized, 
rendering categories that explain respondent perceptions of qualities of the translation 
process. Evaluation is further elaborated upon in section 5. Essentially, we embrace 
rigorous evaluation methods to demonstrate the qualities of the proposed artefacts. 

4 Babbler – A Translation Artifact 

In this section, we present ‘Babbler’, a piece of software that facilitates in-context 
collaborative translation of web applications. Babbler was developed within the de-
sign process outlined in section 2. The conceptual solution, is ingrained with the fol-
lowing ideas: 

1. Make translation as simple as possible (one-click to translate) in the user’s current 
view 

2. Allow for context-dependent translation as well as translation of ‘global’ phrases  
3. In a translation situation, provide the user with relevant alternative translations 
4. Any type of text element, independent of how it is embedded in the page, should 

be possible to make ‘translatable’ 
5. Support translation both for full page requests and for asynchronous requests 

An elementary conceptual model (Fig. 1) is sufficient to keep track of translations. 
Basically, a phrase key (created by the software developers) can have several transla-
tions (‘babbles’) provided by different users. A ‘babble’ is a translation of a phrase 
key into a particular language. When a new translation is stored for a phrase key, the 
old translation is marked as deleted, and the time of the deletion is stored. This model 
allows us to keep track of all translations for a phrase key (old and new ones), for 
different languages.  

 
Fig. 1. Conceptual Model for Babbler 
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The dynamics of the translation tool (Fig. 2) is a bit more complex, due to the ar-
chitecture of web pages that may require translation services in numerous situations. 
In abstract, there are two situations that need to be managed: Page load-translation 
and asynchronous translation. The latter situation is common due to the increased 
popularity of asynchronous web requests, i.e. scripted code on the client side that 
makes requests to the web server without reloading the entire web page.  

Fig. 2 shows how a web browser requests a page from the web server. The web 
server analyses the URL to set the translation context. This mechanism is necessary to 
allow for situated translations (on that page) or generic translations (translating into 
the same result across all pages). The code that produces the view that is returned to 
the browser utilizes Babbler functions to translate phrases. The developers are thus 
required to utilize the Babbler function library when presenting any piece of informa-
tion in a view, in order to ensure that the view is fully translatable. They also need to 
make a decision if the translation of that text should be valid only in the current page, 
or across pages. In addition to the page request flow, a browser may also make asyn-
chronous requests (e.g. loading a part of a page using Ajax). Therefore, there is a 
simplified flow, which basically consists of a request for a translation of a particular 
phrase, and a response (the translation). The server, therefore, needs to store the page 
context in the user session state in order to properly translate asynchronous translation 
requests. In addition, the server keeps track of the logged in user, and the user’s pre-
ferred language. 

 
Fig. 2. Babbler translation dynamics 

HTML documents may encapsulate text in different ways, e.g. in normal para-
graphs and in input fields such as dropdown lists. Due to this variety, there was a need 
to build an application programming interface (API) that distinguished between dif-
ferent element types, which have different behaviour in the two translation modes 
(on/off). The element type ‘normal’ is used for regular text. The element type ‘em-
bedded’ is used in embedded text elements (such as dropdown lists). In addition, a 
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‘helper’ element type was added to facilitate translation links for the embedded text 
elements. Fig. 3 shows how the element type in combination with the translation 
mode determines how a text is displayed or not, and whether or not it is translatable 
(through right-clicking it).  

 
 Element type 

 
Normal Embedded Helper 

Translation 
state 

On Translatable Plain text Translatable 
Off Plain text Plain text Invisible 

Fig. 3. Translation states and element types 

In order to make an embedded text translatable, this concept forces the developers 
to add two lines of code in the view page: One for the embedded element and one for 
the helper element.  

5 Evaluation 

The in-place translation was introduced to a set of users during the development 
process of the U-CARE portal. The translation work was not ‘designed’ in any way – 
we let the translators self-organize. Domains expert – who were also future users of 
the portal – were informed about the translation tool basics. Developers were in-
structed how to make text elements translatable by using the babbler API. Evaluation 
of the software implementation of the conceptual solution consisted of a log analysis 
(section 5.1) and interviews with the most frequent users (section 5.2).  

5.1 Log Analysis 

All translated phrases were stored in the database, allowing us to keep track of all 
translations, including the user who added it and the time it was added. We focus a set 
of users contributed substantially to the translation work (Table 1).  

Table 1. Top 12 translators and their translation count 

User Count Explanation 
Donald 1744 Developer 
Claire 226 Research coordinator 
Peter 186 Used by Donald to translate participants’ views. 
Thomas 98 Psychologist 
Paula 97 Used by Claire to translate participants’ views. 
Audrey 81 Research assistant 
Phil 81 Used by Thomas to translate participants’ views. 
David 59 Developer 
Pagona 55 Used by a therapist to translate participants’ views. 
Penelope 49 Used by a therapist to translate participants’ views. 
Tuula 47 Psychologist 
Tony 39 Psychologist 
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We argue that the quick and independent adoption of the translation feature signals 
ease-of-learning and ease-of-use. The users started to organize themselves and took 
responsibility to translate the views that were most related to their specific interests in 
the software. Claire did translations due to her role as a coordinator between different 
work groups, making her responsible for the overall translation progress. Donald did 
the initial re-factoring of the software to support Babbler. While doing this he also 
added a lot of initial translations. At one point, translations from one language (Swe-
dish for adults) were copied into another language (Swedish for teens) in order to 
facilitate language adaptations for each target group. The implication is that Donald’s 
translation count was doubled. The other developer in the list, David, is not Swedish 
speaking, which explains his low translation count.  

5.2 Interview Results 

The users who contributed most to the translation work were asked two open-ended 
questions each about their impressions from the translation process: 

• We are interested in your impressions from the translation process. What worked 
well, and what did not work well? 

• If the translation process – the software and/or the way you work with it – should 
be changed, what would be the most important changes? 

In total, six interviews were conducted (with users Thomas, Tony, Claire, David, 
Audrey and Tuula). Open-ended questions were asked in order to let the respondents’ 
speak freely about the things they found most important. The second question was 
raised when the respondent had nothing more to add to the first question, to get an 
answer focusing improvement opportunities. The answers were categorized themati-
cally in an inductive interpretation process, rendering four categories: (i) Effective-
ness – quality of the result and the goal fulfilment, (ii) Efficiency – the amount of 
work required to translate, (iii) Reliability – the extent to which users could rely on 
the translation software, and (iv) Workflow – the collaboration quality in the transla-
tion work. Each category will be further discussed below. All the quotes were trans-
lated from Swedish into English by the authors. The authors added text in brackets. 
 
Effectiveness. The respondents generally expressed that they could effectively trans-
late phrases using Babbler1. From the interviews, we learn that the original phrase 
keys – created by the developers – need to be well phrased to avoid confusion among 
the translators. Several translators missed that they could access alternative transla-
tions, and translations in other languages. 

“The original text [phrase key] can be tricky – the thing that you see before someone 
provided a translation. This has sometimes been incomprehensible. In those cases you 
don’t know how to translate, but I guess the developers follow a standard we don’t 
know.” (Tony) 
                                                           
1  The effectiveness of the solution is also supported by the logged translations, showing that 

the users managed to translate all text elements in the software. 
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“It can sometimes be hard to translate, you don’t know the meaning of the text. Ex-
ample: ’Mark as read’ and ’mark as archived’ – what does that mean?” (Claire) 

“Sometimes you are a bit unsure if the last translation is really the best.” (Thomas) 

Efficiency. Several respondents brought up the efficiency of the translation process. 
Overall, they appear to find the translation work efficient, as indicated by the follow-
ing statements:  

“In general, I think that the [translation] tool worked smoothly. I haven’t encountered 
any bugs or misunderstandings. It’s a very good idea that users can translate on the 
fly.” (Tony) 

The translators also pointed out a number of efficiency problems, related to phrase 
key design, translation across pages, decision support, and increased automation in 
translation. There could be better decision support for translators, e.g. the possibility 
to make notes, and to better indicate the target audience for the text is (e.g. patients, 
therapists). Finally, machine translation techniques such as spelling correction may 
improve efficiency. 

“You can often go to the same submenu from different places. Then you have to 
change [translate] every submenu separately. It is hard to find all places before you 
are used to it [the translation tool].” (Audrey)  

“[..] You often miss translation alternatives. I use a thesaurus while translating. As 
usual you wish the software would work more for you, e.g. a search function for text 
that needs translation. It is easy to miss things, e.g. [..] when you think you translated 
something [but it isn’t reflected across pages as one anticipated]. Maybe you would 
want to return to things you noted [..]. The software does not appear to have any 
automatic spelling correction, which would reduce simple mistakes. I also miss an 
undo button.” (Audrey) 

 “Hard to say who translated. During translation, I am unsure if the translation will 
only be visible for a psychologist or, for instance, for health staff. It should be more 
explicit where the translation is visible, and for whom.” (Claire) 

Reliability. The translators expressed concerns regarding the reliability of the transla-
tion tool. The concerns relate to two factors: (1) Human error by developers when 
building the view pages and (2) the problems attached to software development in a 
heterogeneous technical environment2. While the technical problems were continually 
remedied during the design process, we focus on human error here. If developers do 
not use the Babbler API when creating or updating pages, user experiences like the 
ones below follow: 

                                                           
2  The use of browser-side scripting is necessary to provide a good UI for translation. Neverthe-

less, it caused problems with incompatibilities between web browsers, special considerations 
for asynchronous translations, and some general troubles to solve software implementation 
issues.  
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“Everything hasn’t been translatable.” (Thomas) 

“Perhaps it is not related to babbler, but it is a bit frustrating when you see a text in 
English that is not directly translatable.” (Tony) 

“As a user, one can be frustrated when it doesn’t work. For example if it [text] is pink 
[red] but still not translatable, then you have to disturb the developers.” (Claire) 

 
Workflow. The respondents explicitly brought up the ‘workflow’ in the translation 
process, but there were also many cues about the need for a structured workflow. 
Most comments related to workflow were related to respondent uncertainty about the 
status and quality of the translation work. 

“It is unclear who decides what translation to use when there are multiple suggestions. 
[..] In a way I’m happy that we didn’t get any education, or that we didn’t have eter-
nal discussions about how things should be done. One could get started on the fly. [..] 
Maybe you should be able to vote for translation so that the most popular one wins.” 
(Thomas) 

“[..] Now we had to make a print screen and send it to the developers. [..] but maybe 
some solution that made it possible to highlight [..] phrases directly in the software. 
There is a need for better logistics. Now I couldn’t notice if a word had been made 
translatable until I accidently checked it later.” (Tony) 

“[..] it feels like [the developers] have many important things to do, so you don’t want 
to disturb. [..] we need to find a workflow for translation. Sometimes I don’t know 
who translated. [..] Everybody can translate, different concepts are used [..]” (Claire) 

6 Concluding Discussion 

We have demonstrated how ideas from crowd translation can be appropriated 
in an ISD context. We have demonstrated that our artifact is easy-to-use,  
effective, and our interpretation is that it had a positive effect on user  
participation in the development process. Using the DSR knowledge contribu-
tion framework [3], we characterize our work as an exaptation of knowledge 
appropriated in a new context. Babbler, a novel tool to facilitate collaborative 
in-context translation has been presented, and assessed through (i) a log 
analysis that demonstrates that users have effectively used the tool for transla-
tion, and (ii) interviews with the most frequent users that were used to discuss 
various qualities of the tool and conditions that need be fulfilled for successful 
translation work.  

Table 2 shows a summary of evaluation results for the proposed translation concept 
in a user-centred development process. Our idea was that if the conceptual solution 
and its corresponding software implementation are simple enough, the users would be 
able to use it effectively without instruction. In essence, that was the outcome of the 
process. However, as shown in the evaluation section, there are several opportunities 
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to improve the effectiveness, efficiency, reliability and the workflow in the translation 
work. There appears to be a need for (i) a more systematic workflow to support colla-
boration in the translation work (practice improvements, and (ii) better decision sup-
port for translators within the software solution (software improvements).  

Table 2. Summary of evaluation results 

Quality Evaluation results  
Implementability 
of concept 

The in-place translation concept is implementable, as shown through the 
proof-of-concept (the Babbler software). 

Software  
performance 

Translators do not mention performance, which indicates that software 
performance is sufficient. There is a need for more performance evaluation 
before using the software in a more transaction-intensive context. 

Effectiveness All text elements in the U-CARE portal were translated by users. However, 
Translators expressed uncertainty regarding the quality of translations. 

Efficiency Translators’ comments indicate that the Babbler software – through its 
simple design - was efficient to use. There are improvement opportunities, 
such as better decision support, e.g. spelling correction and more visible 
info about alternative translations and translation scope. 

Software  
Reliability 

The software as such has reached a stable state, but the design concept is 
prone to human error by developers. 

Workflow The translators self-organized to solve the translation work, but translators 
express a need for more structured workflow and decision-making. 

 
With regard to practice improvements, there is a need to mitigate the errors caused 

by human factors among developers. There appears to be a need to train developers to 
be consistent in showing phrases as babbles, and develop conventions for phrase key 
definitions. In addition, it makes sense to maintain a shared document with agreed-
upon definitions of terms including ‘global’ phrase keys for developers. Further, there 
is a need to setup a mechanism that enables translators to report issues to developers. 
The final practice improvement concerns the collaboration/communication between 
translators. A simple but effective solution might be for translating staff to meet regu-
larly to address translation issues and make decisions. Interestingly, one of the trans-
lators expressed that the lack of structure could also be interpreted as a positive thing 
due to the lack of constraints imposed on translators. 

The translators provided several practical suggestions about software improve-
ments. Some improvements relate to transparency. The UI should indicate whether a 
text is ‘local’ or if a translation of it will affect other pages. Further, the UI could 
reveal more clearly alternative translations to a phrase, as well as explicit information 
about the target group of the translation. Another improvement suggestion was to 
integrate a spelling correction mechanism to better support the translator. 

Our findings show that the idea of crowd translation may prove useful in ISD. We 
believe that this research may be useful to other researchers interested in software 
process improvement and stakeholder-centric design.  
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Abstract. Cloud computing applications and services go hand in hand, yet there 
is no clear mechanism for ensuring that the cloud applications are designed 
from a customer’s perspective.  This paper describes the initial design and de-
velopment of a predictive analytics cloud service application, which uses histor-
ic customer data to predict the existing customers that are most likely to churn. 
Service blueprinting, a service innovation method, was being used as the under-
lying design model for developing an initial shared understanding of the re-
quired service. The Design Science paradigm can focus on the development of 
the IT artifact, but it can also develop an Information Systems Design Theory 
(ISDT) as a research outcome. This paper considers service blueprinting as ker-
nel theory or underpinning mechanism for a Cloud Service Design Theory 
(CSDT), which will enable developers to prescribe designs of customer centric 
cloud based service applications. Using the design science paradigm an ex-
tended cloud service design theory is proposed, as an outcome of the ongoing 
development of this analytics platform.  

Keywords: Service Blueprinting, Cloud Service Design Theory and Customer-
centric. 

1 Introduction 

The Cloud phenomenon is herald as a disruptive concept that can change how soft-
ware and associated applications and services are delivered.  Much of the design ef-
fort in cloud application development has focused on technical deployment issues, 
such as payloads on virtual machines [1] and uniform abstract description across, 
service, platform and infrastructure levels [2], while there is a lack of emphasis on 
customer level design. This paper explores the collaborative design of a cloud appli-
cation addressing the issue of design from a customer perspective; it also attempts to 
frame the experiences of this application development in the context of the Design 
Science paradigm.  

However, prior to discussing this service it is paramount to provide a theoretical un-
derstanding of ‘services’. To fully understand the functionality and form of a service 
many researchers turn to service design. Service design consists of tools, which describe 
the customer-centric approach in new service development. Some tools are available for 
mapping out the service process, such as service blueprinting or service mapping.  
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PredictX is a proposed predictive analytics service for predicting customer churn.  
Predictive analytics is driven by quantitative algorithms that uncover relationships 
and patterns from large volumes of data that can be used to predict behaviour and 
events [3]. Customer churn prediction aims to identify subscribers who are about to 
transfer their business to a competitor and is now preformed regularly in a computer 
assisted manner [4].  It is extensively used in mature industries with a high degree of 
competition, such as the Telecommunications industry [5]. 

This paper sets out to explore developing guidelines for Cloud-based service de-
velopers and considers the potential of theory building as an outcome of Design 
Science, which will be explored through further development of an analytics platform.   

2 What Is a Service? 

The concept of a ‘service’ has received a lot of attention in both the academic and 
practitioner domains.  However, the state-of-the-art in academic research has revealed 
that there is a lack of a comprehensive definition of what constitutes the term ‘ser-
vice’.  This lack of consensus on the meaning of ‘service’ has led to numerous defini-
tions.  It is evident from Table 1 and existing literature that most scholars consider 
services to consume activities, deeds or processes, and interactions [6], [7] &[8].  This 
is evident when reviewing the characteristics of services. Performing extensive litera-
ture reviews on the area of services, Zeithaml et al. [7] and Edgett and Parkinson [9]  
 

Table 1. Definitions of service 

Author Definition  
Hill [10] “A change in condition or state of an economic entity (or 

thing) caused by another.” 
Grönroos [11] “An activity or series of activities of a more or less intangi-

ble nature that normally, but not necessarily, take place in 
the interaction between the customer and service employees 
and/or physical resources or goods and/or systems of the 
service provider” 

Vargo and Lusch 
[8] 

“The application of specialized competences (knowledge 
and skills) through deeds, processes, and performances for 
the benefits of another entity or the entity itself” 

Rennecker and 
Lindsey [12] 

A business economic activity (mostly intangible in nature), 
offered by one party to another to achieve a certain benefit. 

Preiss [13] Complex (or simple) task executed (within) an organization 
on behalf of a customer 

Kotler et al.[14] “Any activity of benefit that one party can give to another, 
which is essentially intangible and does not result in owner-
ship of anything. Its production may or may not be tied to a 
physical product”.  

Chesbrough [15] Rethinking the business through open service innovation.  
Vitarlari et al. [16] A business platform is a set of interconnected digital com-

ponents that together deliver business services.  
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concluded that services have certain characteristics including intangibility, insepara-
bility (of production and consumption), heterogeneity (or non-standardization), and 
perishability (or exclusion from the inventory). 

Similarly, Tien et al. [17] have defined services as having four characteristics; in-
formation-driven; customer centric; increasingly electronic-oriented and productivity 
issues. It is evident from the listed characteristics above that the concept of a service 
includes 3 core dimensions [18], which are 1) Activities; 2) Interactions (which sepa-
rate services from physical products); and 3) Solutions to customer problems or 
creates values. 

Ainamo and Ventresca [11] argue that a service “involves a greater involvement of 
customers in the production process, greater difficulties in maintaining quality control 
standards, an absence of inventories, the relative importance of the time factor, and a 
particular structure of the distribution channel”.  Therefore, a service is more intangi-
ble, less standardised and uniform than a good [20], [21] & [14].  

Most definitions of a service focus on the customer and on the fact that services are 
provided as solutions to customer problems [11] or create value [21]. Therefore, the 
working definition for services adopted here is;  

“Dynamic set of activities which create value/solve a problem through the lens of the 
customer.” 

Applying this to the predictive analytics platform being considered in this paper gives 
a more specific definition.   

“Predictive analytics services which predict customer churn from the perspective of 
customer retention managers.”   

More recent literature considers a meta-level perspective on service creation, in-
cluding adopting an open innovation approach to services [15] and the emergence of 
business platforms, defined as, ‘a package of interconnected digital components 
(hardware and software) that together deliver a set of business service’ [16].  Gustafs-
son and Johnson [22] argue that a service organisation should “create a seamless  
system of linked activities that solves customer problems or provides unique  
experiences”.  These new directions imply that service creation requires a sound me-
thodological underpinning that enables development of services across multiple 
stakeholders with a customer perspective.  

In order to support this rationale, the objective of this paper, therefore, is to explore 
service blueprinting as a method for establishing a shared understanding of a cloud 
service design from the perspective of customers.    

3 Service Design and Design Science Methodology 

The IS discipline has being addressing the challenges of theorizing design, but not 
explicitly from a service development perspective.  Hevner [23] sets out the founda-
tions of developing and evaluating IT artifacts and highlights what constitutes a good 
Design Science design. An interactive model with theoretical inputs and an interactive 
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development of an IT artifact are key elements of the Hevner approach [23], which 
also distinguishes between the two paradigms in IS research, namely ‘behavioural 
science, which seeks to develop and verify theories that explain or predict human or 
organisational behaviour and Design Science, which seeks to extend the boundaries of 
human and organisational capabilities by creating new and innovative artifacts.’  Oth-
er commentators suggest that Design Science should generate design theory and ‘For 
design research to be accepted as scientific it must generate abstract design know-
ledge that makes contributions to the academic knowledge base in the form of design 
theories’ [24]. Gregor et al. [25] adopts a broader perspective on what constitutes 
theory and argues that design research can, at least in some cases, contribute to a class 
of theory dealing with ‘design and action’.  The essence of a design theory is that it 
should answer questions of what and how by providing a description of an artifact in 
terms of its meta-requirements and meta-design (i.e. what), as well as its design  
method (i.e. how) [24].  

In addition, design theories must show why the artifact provides an advance on all 
previous approaches to solving the problem [25]. So as well as answering questions of 
what and how, design theories must also explain why an artifact should work and why 
it should lead to a novel or improved solution [24].  

The artifact instantiation can be a component of a design theory and Gregor and 
Jones [25] take a clear position on this question and they call for instantiations to be 
included as components in a design theory. They suggest that instantiations can serve 
as theory representations or expositions and, therefore, can contribute towards com-
municating and illustrating the design principles that are embodied within the design 
theory. The credibility of the design is, therefore, enhanced by provision of an instan-
tiation as a working example [25].  

In summary, a design theory consists of meta-requirements and six further compo-
nents namely, meta-design, design method, academic grounding, practical grounding, 
empirical grounding, and design principles. A seventh component, an instantiation, is 
optional, but can play an important supporting role in demonstrating the credibility of 
the aforementioned components.  

The authors adopt this meta-design model requiring a kernel theory that focuses on 
the customer perspectives of services. Service design and conceptual models of Cloud 
computing could advance on previous methods [25], but also allow prescribed models 
for future development of services, including technical specifics, on the cloud.  This 
approach can formalize customer–oriented design science, but an appropriate service 
design method is required.    

3.1 Service Design Kernel Theory 

To fully understand the functionality and form of a service many researchers turn to 
service design and in this paper we wish to identify an appropriate service design 
method that can act as a theoretical lens to support customer oriented service co-
creation and ultimately theory development.  Emerging in the early 1990s [26],[27] & 
[28] service design tools/techniques captures not only the creativity of the develop-
ment team but also the customer’s needs and experiences. Therefore, service designs 
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can be described as using “design techniques and people centered approaches in the 
context of new service development” [26].  

Service design tools that describe the customer-centric approach are considered an 
essential requirement to new service development, which include a wide range of 
techniques including interactive story boards, personas, role play, and customer jour-
neys [27].  Story boarding is inspired by the cinema world and it allows the designers 
to put together the pictures that describe the service experience in order of occurrence.  
Personas involve building personality types relating to age, gender, attitudes, and 
location in order to represent the different segments of an organisations market (ibid).  
These can then be role played for a customer journey (ibid).  A customer journey is a 
user centered visualisation of the customer experience which uses the customers’ 
language to create a picture of the customer experience (ibid).  It can be supplemented 
with pictures and anecdotes (ibid).  One mature tool among the range of service de-
sign tools is service blueprinting [19]&[29].  More recently new blueprinting methods 
for designing complex service systems with multiple customer value propositions and 
customer experience are emerging [30].  

Originating in the financial services sector, the concept of service blueprinting has 
become an integral tool for service designers. This is evident in the literature base 
where service blueprinting has been utilised to depict services in various sectors in-
cluding hospital outpatients [31], unemployment services [32], IT call centre [33], 
delivery service; vacation stay; football game; internal service innovation process 
[29], snack robots [34], retail banking kiosks [35] and car parking [36].  Despite this, 
there is limited evidence of service blueprinting in the design science literature.  

Blueprinting is a method first proposed by Shostack [37],[38] & [39] and devel-
oped further by Kingman-Brundage [40] & [41] and [29] to envision expected and/or 
actual service processes. Service blueprinting is defined as a customer-focused ap-
proach for service innovation and service improvement [38].  Therefore, considered 
as an effective tool for helping an organisation to develop new services [42], service 
blueprinting is a technique that describes all activities that are carried out by a  
service provider and its customer to deliver a service. It helps create a visual depiction 
of the service process that highlights the steps in the process, the points of contact  
that take place, and the physical evidence that exists, all from a customer’s point of 
view [29].    

Mapping or visualization of services are important as it forces the service designers 
to examine the service from a customer perspective and reveals to the participants the 
myriad of dependencies and interactions cross functions that are necessary for the 
service [29]. 

3.2 Customer/Employee Service Blueprint 

A customer/employee service blueprint documents the customers’ interaction with the 
organisation via the service. A typical customer/employee or customer/ technology 
service blueprint consists of five components which are described in Table 2.   
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Table 2. Technology-Delivered Self Service Blueprint Components 

Self-Service Blueprint 
Components 

Description 

Physical Evidence All the tangibles that customers are exposed when a ser-
vice process is being delivered &/or feedback the cus-
tomer received after each contact with the service. 

Customer Actions All activities, chronically ordered, that customers under-
take as part of the service delivery process. 

Onstage Technology Describes the interface between the customer and the 
technology 

Backstage Technology Describes the backend technology activities  
Support Processes Contains those hidden activities that are needed to make 

the delivery of the service possible. 
 
The following process, according to Bitner [29], will create a service blueprint. 

1. The customer actions have been chronologically mapped.  
2. The actions of the contact employees and potential technology interactions are 

mapped.  These actions are those that are visible to the customers.   
3. The actions of the contact employees and technology that are invisible to the cus-

tomers are mapped. 
4. The supporting actions of non-contact employees that are necessary for the deli-

very of the service are mapped.   
5. Finally, the pieces of physical evidence are added as the last piece of the blueprint.   

A service blueprint is a two-dimensional picture of service process; horizontal and 
vertical. The horizontal axis represents the chronology of actions undertaken by the 
customer and provider of the service. The vertical axis distinguishes between different 
areas of action separated by different lines [43].  These lines include: 

• Line of interaction: Separates the customer’s actions area from the supplier’s 
action area. Above this line, activities, choices, needs and interactions performed 
by customers are presented. As a result, Bitner [29] argues that a ‘moment of truth’ 
has occurred. 

• Line of visibility: Distinguishes between actions visible and invisible for custom-
ers. Above this line one can find the “On-stage” contact and employees’ actions 
(Front Office).  

• Line of internal interaction: Distinguishes between front office and back office 
activities.  

Service blueprints can describe human-to-human service innovation, as many service 
design developers believed that technology was not essential for service innovation 
[44]. However, described as an “important ingredient of innovation development” 
[45] technology and service innovation are closely interrelated. Rogers [46], Che-
sbrough et al. [47] and Spohrer [48] and Chen et al., [49] argue that technology is a 
critical enabler for service innovation. It is therefore important to note that services 
can be delivered through human-to-technology service innovation.   
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4 Towards a Cloud Service Design Theory  

This project is funded by Enterprise Ireland’s Innovation Partnership program (the 
Irish business development agency) and Statistical Solutions, an Irish SME that de-
velops unique statistical software applications for statisticians, clinical researchers, 
data analysts and other analytical professional. The development and design team 
consists of academics, statistical specialist and software developers. The case sets out 
to explore the rhetoric relating to the impact of Cloud Computing on SMEs and this 
paper highlights the initial experiences of using a service blueprinting for developing 
a shared understanding of service development.  

This section explores the resultant design decisions that emerged from the expe-
rience of the initial development of this analytics service artifact platform. To date, 
the definition and taxonomy of cloud services has been arbitrary in nature and, while 
both the literature and vendor papers have attempted to provide a consistent view of 
the variety of cloud services and technologies on offer, no comprehensive taxonomy 
has been offered [50]. However, while Esteves [50] provides such a taxonomy as well 
as deployment and delivery models, it does not address the issue of cloud services 
from a user’s standpoint. In addition, Papazoglou [1] present a cloud blueprinting 
approach to characterise service based applications, its focus is still technological.  A 
taxonomy of cloud services framed from a user’s point of view does not appear to 
exist and existing definitions are excessively techno-centric. 

PredictX is a predictive analytics service under development for which the user upl-
oads historic customer data to a cloud application, where specific data that may identify 
customers has been removed.  Essentially, PredictX adopts Edwardsson’s [50] assess-
ment of what constitutes a service as this service is considered “as a perspective on 
value creation through the lens of the customer”. The platform allows the customer to 
create prediction in a self-service manner. As this is a ‘preliminary’ version the blue-
print which is developed, it is considered to be a concept blueprint. As this service is a  
 

 

Fig. 1. PredictX Service Blueprinting Example 
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relatively new concept the blueprint for this new service will be presented at a high level 
[29].  As the service develops in the future, a more detailed blueprint can be provided.  
It is important to note, however, that different customer segments can have different 
blueprints so there may be many blueprints for one service [29].  

The first part of the service blueprint for the PredictX is shown in Figure 1, which 
is the output of a focus group workshop of the design team, which included develop-
ers, senior managers and predictive analytics experts. The company participants were 
skeptical initially and limited the time set aside for the blueprinting workshop. Much 
to the surprise of all involved in the process, the focus group quickly understood the 
model and applied it to co-creating the service design.  The method proved to be very 
intuitive and the team reached a consensus quickly with only minor discrepancies or 
differences in opinion. Over the duration of the development project the service blue-
print evolved and as the artifact became part of the Design Science process and it in 
turn inspired alterations. The role of the blueprinting was sporadic and the design 
reached stabilization, which required customer emersion of the artifact to develop 
new requirements and advance the design.  This is in line with the iterative aspect of 
the Hevner (2004) approach. The outcome of the design process is shown in figure 2, 
which highlights a survival curve and associated churn risk predictors of customers. 

 

Fig. 2. PredictX Screen Shot, showing customers at risk of churning 

The service blueprint also captures non-technical cloud support processes, which 
are an important aspect of the revenue model for cloud services. Services by their 
nature accumulate recurring revenue and these alternative revenue streams can be 
modeled on the blueprint. As the PredictX service blueprinting case is dependent on 
cloud technologies, reflecting on such a case allows the first elements of a Cloud 
Service Design Theory to emerge. One could argue that the service blueprint unclut-
ters the technical detail and forces the designers to focus on the customer perspec-
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tives. Conversely service blueprinting lacks technical specificity, once the shared 
design has been achieved; it can then be used to define the technical implementation 
details, such as data storage and data visualisation etc.,   

Accordingly, specific cloud computing technical implementation details are over-
laid on Figure 3, which maps the cloud services into Customer Action, Navigation, 
Data Visualisation, Data Upload, Processing and Retrieval and Cloud Support 
Services. The cloud model also lets developers decide on implementation details, 
which are customer driven and can be systematically developed.  The Customer ac-
tions relate to web pages or groups of web pages that fulfill the visible user interface 
elements, which occur in sequence and the navigation design allows customer interac-
tion across the service.  This extension to the service blueprint, helps navigation de-
sign and defines the navigation logic require for the customer to complete the service 
task.  Data Upload formats, data storage structure and database systems, such as 
mySql or hadoop, in the case of big data implementations etc., can all be selected by 
the developers at this time. Data visualisation can also be implemented as code, im-
plemented using open source or commercially available solutions, such as crystal 
reports or java script based visualization libraries.  

 
Fig. 3. Service Blueprint, with an overlay of technical cloud implementation specifics 

To date, the definition and taxonomy of cloud services has been arbitrary in nature 
and, while both the literature and vendor papers have attempted to provide a 
consistent view of the variety of cloud services and technologies on offer, no 
comprehensive taxonomy has been offered [49]. However, while Esteves [49] 
provides such a taxonomy as well as technical deployment and delivery models, it 
does not address the issue of cloud services from a user’s standpoint.  

This paper set out to explore the development of a Cloud Service Design Theory 
and the theoretical outcome of developing a predictive analytics cloud service is 
represented in table 3. The components of the emerging design theory follows Walls 
[24] and the key kernel theory is Service Blueprinting, which ensures customer cen-
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tered design and Cloud Technology mapping, which emerged on reflection from the 
experience of developing the PredictX service. The development of this platform is 
ongoing and more sophisticated blueprinting experience and models are expected. 

Table 3. Components of an Cloud Service Design Theory (CSDT) 

Design Product 
Meta-Requirement Absolute simplicity and accessible to non-

quantitative customers.  Ease of use and hidden 
complexity  

Meta-design Non quantitative customers can run complex 
predictive models. 

Kernel theories  Service Blueprinting 
Testable design product hypothesis Ease of use and non complexity.   
Design Process 
Design Method A description of procedure(s) for artefact con-

struction. 
Kernel Theories Service Blueprinting & Cloud taxonomies.  
Testable design process hypotheses Consistent with the meta design.   

5 Conclusion 

This paper emerged from the experience of developing a predictive analytics service 
for deployment using cloud computing. The development team was faced with the 
challenge of defining a shared understanding of the required service. The system was 
intended for non-quantitative customers, so ease of use and no numerical complexity 
was a meta-design requirement. The service blueprinting, service design approach 
was adopted and it successfully facilitated the co-creation of a shared understanding, 
which became the requirements document for the application development. The ser-
vice blueprint paradigm does make the developers consider the design from the cus-
tomer’s perspective, but it lacks a mechanism for being more specific with technical 
implementation details.  

The implementation is commercial and the platform will continue to evolve. This 
will allow further validation and design interventions, including customization for 
new niche market needs. In addition, design theories must show why the artifact pro-
vides an advance on all previous approaches to solving the problem [25] and lead to a 
novel or improved solution [24]. This can be analysed and documented in future im-
plementations and customer uptake and experiences will also support this validation.   

The design science approach, as proposed by Hevner [23] & Walls [24] provided 
the framework for developing theory from the experience of developing a technology-
delivered self-service blueprint for PredictX. The described cloud service design 
theory consists of two phases. The first phase uses Service Blueprinting as a lens for 
capturing customer centered services through co-creation and iterative evolution of 
the service artifact. The second phase defines the blueprint in cloud specific technical 
terms. Walls et al. [24] also identify various levels of impact of design theories, which 
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can vary from facilitating designs through a common language to a framework for 
generating new insights for describing a new class of Information Systems. While this 
service is in its early stages, we believe that this approach can enhance customer cen-
tric service design for cloud computing. More testing and service implementations are 
required, which will ultimately drive the evolution of this cloud service design theory.   
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Abstract. Normalized Systems provides a practical way of developing
information systems, adhering to a sound theoretical basis, through the
so-called pattern expansion of software elements. However, the specifica-
tion for these elements still needs to be very fine-grained. As a result, it
is not straightforward for analysts who lack experience with Normalized
Systems software to provide the specification of these elements. There-
fore, we initiate a research project to design an analysis method geared
towards the development of Normalized Systems software systems. In or-
der to structure this research, we will use the design science methodology.
Since many Normalized Systems projects are currently being executed by
expert programmers, we will base our first design iterations on empirical
observations of these projects. While empirical methods are often inte-
grated in design science projects, there are currently no clear guidelines
on how both research methods can and should be combined in a rigor-
ous way. In this paper, we therefore explore a mixed methods research
approach to provide a sound methodological approach for this research
project.

1 Introduction

The design research method has recently been introduced in IS research as a
valuable research method. Proponents of the design research method have ar-
gued that IS researchers should more often adopt an engineering perspective by
creating and evaluating IT artifacts that solve organizational problems [1–3].

Design research is a separate research method and can be used as the single
research approach in a research project. However, it is accepted in literature that
empirical research methods can be used as part of a design research project, espe-
cially during the problem identification and evaluation phases. It is, for example,
common to use research approaches such as case studies and field studies or data
collection techniques such as interviews and surveys in the evaluation stage of
the design research process [2, 1]. Similar to these approaches, we intend to use
empirical research methods in the first design iterations for our research project,
i.e., an analysis method for developing Normalized Systems applications.

Unfortunately, there are currently no guidelines on how both research methods
can and should be combined in a coherent manner. To address this issue, we
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propose in this paper a mixed methods approach to combining empirical and
design research methods. The mixed methods approach is a research approach
that originated in the social sciences and refers to combining both qualitative
and quantitative research methods within a single study [4]. The combination of
qualitative and quantitative research methods has also been advocated within
the IS community [5, 6]. The idea underlying the mixed methods approach is that
“[. . . ] both quantitative and qualitative research are important and useful. The
goal of mixed methods research is not to replace either of these approaches but
rather to draw from the strengths and minimize the weaknesses of both in single
research studies and across studies” [4, p. 14–15]. In a similar vein, we argue
in this paper for combining empirical and design research methods in a single
study in order to strengthen the overall research effort. To this end, we propose
to use the term mixed methods approach to include research designs combining
empirical (i.e., qualitative and/or quantitative) and design research methods.
Although the idea of using empirical research methods within a design research
project is not new, the main contribution of this paper is that we propose a
coherent approach to combining both research methods.

This paper is structured as follows. In Section 2, we introduce a framework to
coherently incorporate empirical research approaches in a design science project.
In Section 3, we illustrate the use of our framework by applying it to our research
project, and discuss the implications on our methodological approach.

2 Methodological Framework

In this section, we introduce a methodological framework to use empirical re-
search approaches in a design science project. We argue first how empirical
methodologies are already used in design science projects, and introduce the
mixed methods approach as a structure for our framework. We then discuss the
framework and its resulting research designs.

2.1 Empirical Methodologies in Design Science

Several examples can be found in the design research literature of how empirical
research can complement the design research process. The use of these empir-
ical research methods can often be found in the evaluation stage of the design
research process. Hevner et al. mention case studies and field studies as valid
observational evaluation methods [2]. Siau and Rossi describe six empirical eval-
uation techniques, namely surveys, laboratory experiments, field experiments,
case studies, action research and verbal protocol analysis [7]. Some authors fur-
ther argue that empirical research methods are even inherent to the evaluation
phase of design research and that some IT artifacts must be evaluated using an
empirical approach [1]. Nevertheless, it is important to note that the use of em-
pirical research methods is not limited to the evaluation phase, but can also be
found in the problem identification and solution design phases. An example of
the former is provided by Saat et al. who employ quantitative research methods
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(i.e., an on-line survey as the data collection technique and exploratory factor
analysis and hierarchical cluster analysis as data analysis techniques) in the
problem identification phase to distinguish between different situations of busi-
ness/IT alignment [8]. The latter is illustrated by Tremblay et al. who use the
focus group approach during the refinement of the artifact design [9] . The most
popular empirical research methods include case studies [10–14], focus groups
[15, 9], and experiments [16, 17].

While empirical research methods are used frequently in design science
projects, no explicit guidelines are currently available. For example, exemplary
design science publications which are referenced in methodological design sci-
ence papers [1, 2] vary in their reporting of the use of empirical methods. While
some authors report on both the methodology and the (empirical) methodolog-
ical sources which are adhered to [11], others only report on the empirical re-
search approach [12, 15, 13], or do not discuss empirical methodology at all [10].
Therefore, we propose a mixed methods approach to frame the use of empirical
research methods in a design science project.

2.2 Mixed Methods

The term “mixed methods” research is used in literature to refer to studies in
which qualitative and quantitative research methods are combined. Although a
number of definitions of mixed methods research have been proposed, a view that
underlies most definitions is that mixed methods research is “the class of research
where the researcher mixes or combines quantitative and qualitative research
techniques, methods, approaches, concepts or language into a single study” [4,
p. 17].

A mixed methods study essentially consists of two components. Each compo-
nent corresponds to a study that is conducted using either qualitative or quan-
titative methods [18]. There are three main factors that influence the design of
a mixed methods study: the theoretical drive of the research, the pacing of the
study components, and the point of interface [18]. First, the theoretical drive of
the project refers to the overall conceptual direction of the research project [18].
It indicates whether the overall character of the research is qualitatively-driven or
quantitatively-driven. This theoretical drive therefore determines which compo-
nent of the research is considered dominant in the context of the overall research
project. Since its aim is to support the core component, its results may not be
separately publishable [18]. Second, the pacing of the components refers to how
both components are synchronized in the context of the overall research project
[18]. Two main modes of synchronization are available: concurrent or sequential
[18, 19]. In sequential research designs, the two components are conducted at
different times and one project can be said to further build upon the results of
the previous study [19, 20, 18]. The output of the first component is therefore
the input for the second component. In concurrent research designs, the supple-
mentary component is conducted simultaneously with the core component. The
supplementary component therefore starts and ends during, and is performed
within the context of, the core component. Third, the point of interface refers to
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the stage at which the results from both components are combined or integrated
[18]. The most common stages at which integration takes place is during data
analysis or data interpretation [18, 19]. For example, if integration takes place
during data interpretation, both components are conducted separately, and the
results from both studies are interpreted when writing down the findings with
respect to the overall study, thereby considering how the results of both compo-
nents complement each other.

The main advantage of mixed methods research is that it allows the researcher
to combine the respective strengths of multiple research methods in order to pro-
vide an answer to the research questions [4, 19]. Gaining a deeper understanding
through the use of multiple methods also respects the fact that certain phenom-
ena are inherently complex [21]. In addition, the use of multiple methods allows
to use the strength of one method to complement the other, thereby offering
insights that both methods alone could not have provided [20, 19]. For example,
quantitative research typically focuses on confirmatory research based on a large
sample. The use of a subsequent qualitative study could provide more in-depth
insight into the results of the quantitative study.

2.3 Combining Design Science and Empirical Methodologies

While the term mixed methods research has been used in literature to refer
to the combination of qualitative and quantitative research methods, we argue
that the term mixed methods research can also be used for research designs that
combine design research with empirical (i.e., qualitative or quantitative) research
methods. This is acknowledged by [18] who define mixed methods as “the in-
corporation of one or more methodological strategies, or techniques drawn from
a second method, into a single research study, in order to access some part of
the phenomena of interest that cannot be accessed by the use of the first method
alone.” [18, p. 9]. When we aim to combine empirical and design science research
methods, various combinations are possible based on the theoretical drive, pac-
ing, and point of interface factors. In this paper, we focus on research designs
where the design science component is the theoretical drive. Based on the pacing,
we can differentiate between research designs where (1) the empirical component
precedes the design component; (2) the design component precedes the empirical
component; and (3) the empirical and design component are executed concur-
rently. In the concurrent research design, we can differentiate between multiple
designs based on the point of interface. The design research method prescribes
three major phases: problem identification, solution design and evaluation. The
empirical research component can be used to support each of these three phases
in the design research. Based on these different phases, we differentiate between
three different research designs. The resulting research designs are summarized
in Table 1. In this table, we use the “+” sign to denote a concurrent research
design, and a “→” to denote a sequential research design. The component which
provides the theoretical drive is notated in capital letters. We will now briefly
discuss each of these research designs.
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Table 1. Mixed methods research designs with emphasis on design research process

Research Design Notation Point of Interface

Concurrent exploratory DESIGN + empirical problem identification phase of the
design research component

Concurrent creative DESIGN + empirical solution design phase of the design
research component

Concurrent evaluative DESIGN + empirical evaluation phase of the design re-
search component

Sequential exploratory empirical → DESIGN interpretation phase of the empiri-
cal research component

Sequential explanatory DESIGN → empirical communication phase of the design
research component

Concurrent Exploratory Research Design: The empirical research component
may assist in the problem identification phase of the design research process by
gaining a better understanding of the problem that will be addressed by the arti-
fact that will be developed in the design research component. As a consequence,
this research design is exploratory in nature. The empirical research component
can aid in understanding vaguely defined problems, or in understanding the root
causes in case the design research component is used to solve a problem described
by symptoms. This research design has been employed by, for example, Saat et
al. [8].

Concurrent Creative Research Design: The use of an empirical research compo-
nent within the build phase of the design research component may assist in the
development of the artifact. This research design has therefore a creative nature.
Empirical research can contribute to obtaining data that can be used to refine
the artifact in the next iteration of the build phase. This is especially the case
when tacit knowledge that is held by experts in the field must be made explicit
to allow for the design of the artifact. In that case, empirical research methods
can be used to extract this knowledge. In addition, one of the tenets of the design
research method is that it emphasizes the use of insights from other fields [22].
The use of empirical research methods can therefore assist in the construction
of an artifact by detecting patterns of successful actions in other—but similar—
contexts [23]. Examples of this research design can be found in Tremblay et al.
[9] and Baloh and Desouza [12].

Concurrent Evaluative Research Design: The empirical research component is
used within the evaluation phase of the design research component to assist in
determining whether the artifact provides a good solution to the observed prob-
lem. The nature of this research design is therefore evaluative. The empirical re-
search component is fully contained in the evaluation phase of the design research
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component (i.e., it starts and ends within this phase). The use of empirical re-
search methods to perform the evaluation of an artifact is well-accepted in design
research literature. It has indeed been noted that the organizational context in
which the artifact will be used may require an evaluation using empirical research
methods [1]. Numerous examples of the use of empirical research methods to sup-
port the evaluation of an artifact can be found in literature [9, 11, 16, 17, 10].

Sequential Exploratory Research Design: Since the empirical research component
is performed first, the data for the empirical component is gathered before the
design research component is initiated. This research design has an exploratory
nature since it will explore or describe a certain phenomenon that will be the
topic of a subsequent design research component. Additionally, this research
design can be applied when certain issues occur during a empirical study that
motivate a design research project. An example of this research design is provided
by Rothenberger [14].

Sequential Explanatory Research Design: In this research design, the artifact
that was developed as part of the design research component forms the object of
investigation in the subsequent empirical research component. The nature of the
research design is explanatory since the aim of the empirical research component
is to explain why or how the artifact that was developed in the design research
component contributes to the solution of a given problem. This corresponds to
the conceptualization of March and Smith who state that the build and evaluate
phases of a design research project are followed by the theorize and justify phases
of a empirical research project [24].

3 Towards a Normalized Systems Analysis Method

In this section, we elaborate on the methodological approach we take to design
a Normalized Systems analysis method. Therefore, we first introduce Normal-
ized Systems, and motivate the need for an analysis method. We then select
an appropriate research design, and elaborate on the empirical aspects of our
methodology. Finally, we present some preliminary findings of our approach.

3.1 Normalized Systems

The Normalized Systems (NS) theory starts from the postulate that software
architectures should exhibit evolvability due to ever changing business require-
ments, while many indications are present that most current software imple-
mentations do not conform with this evolvability requisite. Evolvability in this
theory is operationalized as being the absence of so-called combinatorial effects :
changes to the system of which the impact is related to the size of the system,
not only to the kind of the change which is performed. When changes are depen-
dent on the size of the system and the system itself keeps on growing, changes
proportional to the size of the system become ever more difficult to cope with
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(i.e., require more efforts) and hence hamper evolvability. Normalized Systems
theory proposes four theorems, which have been proven to be necessary con-
ditions to obtain software architectures in absence of combinatorial effects: (1)
Separation of Concerns, requiring that every change driver (concern) is sepa-
rated from other concerns in its own construct; (2) Data Version Transparency,
requiring that data entities can be updated without impacting the entities using
it as an input or producing it as an output; (3) Action Version Transparency,
requiring that an action entity can be upgraded without impacting its calling
components; (4) Separation of States, requiring that each step in a workflow is
separated from the others in time by keeping state after every step. These the-
orems are not new by themselves. Rather, they explicitly state heuristic design
knowledge. For every theorem, it has been proven that a violation against it
results in the occurrence of combinatorial effects.

The systematic application of the principles leads to a very fine-grained modu-
lar structure, which could form an additional design complexity on its own when
performed “from scratch”. Therefore, NS theory proposes a set of five elements
as encapsulated higher-level patterns complying with the four theorems:

– data elements, being the structured encapsulation of a data construct into a
data element (having get- and set-methods, exhibiting version transparency,
etcetera);

– action elements, being the structured encapsulation of an action construct
into an action element;

– workflow elements, being the structured encapsulation of software constructs
into a workflow element describing the sequence in which a set of action
elements should be performed in order to fulfill a flow;

– connector elements, being the structured encapsulation of software constructs
into a connector element allowing external systems to interact with the NS
system without calling components in a stateless way;

– trigger elements, being the structured encapsulation of software constructs
into a trigger element controlling the states of the system and checking
whether any action element should be triggered accordingly.

Each of the elements is a pattern as they represent a recurring set of constructs:
besides the intended, encapsulated core construct, also a set of relevant cross-
cutting concerns (such as remote access, logging, access control, etcetera) is
incorporated in each of these elements. For each of the patterns, a detailed class
structure is described [25]. It is further described how the patterns facilitate a set
of anticipated changes in a stable way [26]. In essence, these elements offer a set
of building blocks, offering the core functionalities for contemporary information
systems. Consequently, as such detailed description is provided for each of the
five elements, a NS application can be considered as an aggregation of a set of
instantiations of the elements.

Based on the set of five elements, the actual software architecture of NS
conform software applications can be generated relatively straightforward. By
providing a set of parameters in so-called descriptor files, a custom instance of
the class structure of any element can be generated. This is referred to as pattern



Towards a Normalized Systems Analysis Method 119

expansion. Manual coding only needs to be performed in the implementation
class. As a result, coding efforts are concentrated in a single class for every
instantiated element.

Based on the elements and expanders, NS applications can be developed. How-
ever, no analysis method is currently available for specifying the descriptors for
the elements. In their book, Mannaert and Verelst claim that the large amount
of IS development methods can be considered to be complementary to the spe-
cific requirements of the NS theory [25]. For example, traditional approaches for
modeling processes (e.g., BPMN) and data (e.g., entity-relationship diagrams)
can be used. However, specific implications of the NS theory need to be taken
into account. For example, constructs such as association classes and inheritance
can be used initially in data modeling, but should be mapped to separate ele-
ments when defining data elements [25]. To our knowledge, no method currently
provides such guidelines. As a result, the correct application of the implications
of NS theory is the responsibility of the analyst.

Using this approach, experienced NS programmers have been able to success-
fully operationalize several applications. However, it became clear that, when
inexperienced programmers use the expanders, several issues arise. Therefore, a
need was articulated for an analysis method for NS applications which can guide
analysts who are not NS-experts towards a usable specification of descriptors.
This need is the direct motivation for our design science research project.

3.2 Selecting of a Methodological Approach

In the previous section, we motivated the need for a NS analysis method based on
the difficulty to specify NS descriptors. The descriptors for these elements remain
very fine-grained. As a result, specifying these descriptors is not straight-forward.
Moreover, it has been observed that during the usage of existing methodologies,
advantages of the NS expanders are not fully utilized. For example, by focus-
ing too long on the complete capturing of end user requirements, delays in the
development process can occur, which is suboptimal as the NS expanders allow
analysts to develop prototypes very quickly, and confirm requirements with end
users. Because of these reasons, a specific analysis method should be constructed
which (1) takes into concern the elimination of combinatorial effects; (2) uses the
advantages of the NS expanders; and (3) provides as a deliverable the descrip-
tors for the five NS elements. This description fits the requirements of a problem
statement for a design science project. The three mentioned reasons articulate a
clear need, and can be used as a starting point for defining evaluation criteria.
If more clarity was required for the concrete problem statement, we could have
initiated a concurrent exploratory or sequential exploratory research design. In a
exploratory research design, an empirical research component is used to support
the problem identification phase to capture requirements from stakeholders for
the design of the artifact (i.e., the question of what artifact should be developed).

As described in Section 3.1, several NS applications have already been devel-
oped by knowledgeable programmers. By building on their knowledge and expe-
rience, valuable insights for the NS analysis method can be gained. Consequently,
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we will employ empirical methods during the design of the method itself, and
use a concurrent creative research design. In the concurrent creative research
design, the empirical research component is conducted within the build phase
to inquire stakeholders about the solution or artifact itself (i.e., the question of
how the artifact should be developed).

Various case studies will be performed as input for the initial design of the anal-
ysis method. Following to the mixed methods approach, we adhere to guidelines
for case study research during this phase [27, 28]. These guidelines demand the ex-
plicit reporting of the sample selection, informant selection, the applied data gath-
ering technique and the procedure for data analysis. For each case study, the table
represented in Table 2 will be completed. For an initial case study, we selected a
project where initial problems with the specification of NS descriptors had been
observed. These problems had been resolved once an experienced NS program-
mer was added to the project. Moreover, we assured that the resolved issues did
not have a technical cause. This allowed us to ensure that the project contained
analysis-level insight which could be made explicit by the NS programmer. Using
the key informant method [28], we selected the NS programmer as the primary
respondent. We used expert interviews as the primary source of data gathering
[29, 27, 28]. In subsequent cases, we plan to employ observation as an additional
data gathering technique, to obtain more complete data [27]. We applied open
coding during data analysis [29]. The coding scheme will be updated to facilitate
cross-case analysis once additional cases are performed. Moreover, negative cod-
ing will be employed to ensure consistency [29].

Table 2. Empirical Requirements

Case Study 1 Case Study 2

Sample Selection Analysis-level issues . . .

Informant Selection NS programmer . . .

Data Gathering Technique Expert interviews . . .

Data Analysis Procedure Open coding . . .

3.3 Preliminary Results

Based on the initial case study, several lessons learned can already be made
explicit.

Lesson 1: Focus on the data model first, and get it right. The case study showed
that the initial focus in the NS analysis process should be on the data model,
which is similar to certain structured and object-oriented analysis methods. How-
ever, a first observation showed that end users and analists were able to correct
several mistakes after their data model was translated into a first version of the
software system using the NS expanders, which was done very early in the anal-
ysis process, after just one or two days. Therefore, the feedback processes by the
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end user were focused on the software, never on the models, which should be one
of the fundamentals of the NS analysis method. A second difference concerns the
use of inheritance in such data models: this seemed to lead to high coupling be-
tween business concepts and was therefore not used at all. Third, evolutionary
prototyping was used, continually refining and regenerating the prototype, as
opposed to throw-away prototyping. This showed to flexiblity offered by the NS
theory and the NS expanders. However, certain action and workflow elements
exhibited dependencies on the data model. Also some customizations that were
required to the generated code exhibited such dependencies, which suggests that
the NS analysis should first focus on getting the data model right.

Lesson 2: Scoping complexity The case study shows that one or a handful ex-
tra requirements may make a data and/or process model highly inadequate and
actually “break” the model(s). This can happen both by adding non-functional
requirements (which e.g. require a substantial increase in the robustness of the
system) as well as by adding functional requirements (which e.g. require a sub-
stantial generalization of concepts in the data model, when for example the
concept ’invoice’ is extended from national to international invoices). Therefore,
the analist should first have a reasonably thorough understanding of the com-
plexity in the application domain before determining the scope of the current
development effort.

Also, functionality for standard business transactions was combined with
highly innovative requirements that were specific to the organization. Instead of
working inductively, traditional analysis approaches often take too much com-
plexity into account. As a result, delays can occur and initial delivery of software
can be delayed by several months or more. Often, as many requirements as pos-
sible are included because applications are perceived to be difficult to adapt
afterwards. Since the NS theory focuses on the evolvability of software, changes
in requirements are considered to be normal. Therefore, the NS analysis method
should focus on an inductive path: a small core set of requirements should be
analyzed and developed first. Only when this set of requirements is successfully
translated into a working system (preferably in production), the more advanced
requirements should be addressed, thereby focusing both on quick results as well
as allowing time for learning processes, but without the risk of substantial delays
in delivery of systems.

The lessons learned will be aggregated over the various case studies. This will
conclude a first iteration in the design science project. Together, these lessons
will be the basis for the selection of an analysis method which will be extended
to incorporate the NS-specific requirements, or the design of a new analysis
method.

4 Conclusions

In this paper, we introduced a framework to incorporate empirical research meth-
ods in a design science research project. While many design science researchers
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use empirical methods, no coherent approach to combine both methodologies
is available. A lack of rigor when applying empirical methodologies could lead
to the perception that design science researchers are less concerned about rigor
in general. By explicitly isolating both research approaches using the mixed
methods structure, two contributions can be claimed. First, the isolation of an
empirical research component will encourage design science researchers to con-
duct the research using the rigorous standards of that component. Second, the
the framework may expose design science researchers to a larger set of empiri-
cal research approaches and techniques. For example, we mentioned the use of
observations instead of interviews for our own research project. As a third con-
tribution, the five different research designs can be mentioned. We elaborated
on their use, and provided examples of published design science projects which
could be described by these designs. Moreover, we illustrated the application of
this framework by outlining the methodological approach of our design science
research project, i.e., the development of a NS analysis method. For this project,
we presented some initial results of the applied empirical methods.
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Abstract. This paper details how 16 acute-care hospitals from across Europe 
and North America where able to plan a more holistic approach to the strategy, 
implementation and running of electronic medical record (EMR) and general IT 
services. The paper outlines a design science approach within the information 
systems (IS) field to developing and applying here-to-fore separately utilised IS 
management artefacts namely; the IT Capability Maturity Framework (from 
IVI) and EMR Adoption Model (from HIMSS Analytics). The development of 
novel artefacts for their joint use allows healthcare organisations systematically 
improve performance and more readily realise benefits from increased levels of 
EMR investment. This unified application was supplemented with emerging 
technology adoption case-studies for healthcare. The combined benefits of this 
approach allow acute-care hospitals to more holistically plan IT capability 
enhancements towards achieving improved eHealth outcomes. 
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1 Introduction 

Despite the economic slowdown in many OECD countries recently, public spending 
on health is rising at an average rate of 4.8% in 2008 and 4.1% in 2009 [1]. Romanow 
et al [2] state these may be unsustainable trends given the state of public finances for 
many countries. Average spend on health per capita for OECD countries during this 
period stands at $3.2K, with North America at over double that - nearly $8k. 
Healthcare Information Technology (HIT) is commonly touted as a common 
denominator of many healthcare reform plans to reduce cost and improve quality 
from public healthcare expenditure [3,4]. For example, implementation of basic 
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electronic healthcare records (EHR) functionality is seen as a pathway to improved 
care coordination and patient outcomes [5]. Furthermore, a recent analysis of peer 
reviewed publications on health information technology between 2007 and 2010 
found that 92% reached the conclusions that there were positive overall impacts 
relating to; clinical outcomes, quality, efficiency and provider satisfaction [7]. 

While calls for increased Healthcare IT (HIT) adoption have been around for more 
than a decade, dissatisfaction with HIT among some healthcare providers remains a 
problem and a barrier to realising the potential of HIT, resulting in the effective 
adoption rates for HIT remaining relatively low [6, 7]. However, many countries are 
beginning to take proactive steps to encourage greater levels of healthcare IT 
adoption. In North America for example, Health Information Technology for 
Economic and Clinical Health (HITECT) Act is making available substantial 
government financial incentives (estimated at $14-27BN) to adopt certified electronic 
health records and use them effectively in the course of care [8]. Through to end of 
2011, the Meaningful Use programme had already distributed $2.5 billion of such 
incentive payments.  

Investing in IT alone is not enough though, what you do with it and how you do it 
also matters [9, 10]. A healthcare IT organisation cannot focus exclusively on 
technology purchasing to increase efficiency and effectiveness. How the IT function 
is managed, in terms of critical organisational capabilities and management activities 
to plan, build and run effective HIT can be an important variable to enabling better 
patient care and improved outcomes. In fact, the ‘human element’ is core to HIT 
implementation to successfully manage and realise benefits [6].  

The remaining sections of this paper outline the rationale for Design Science 
Research (DSR), summary of DSR approach taken, challenges for healthcare 
information technology adoption, overview of the Healthcare IT Maturity Model, 
summary and conclusion. 

2 Design Science Research 

Two important paradigms have characterised research in Information Systems (IS) 
namely; behavioural science and design science. To date the predominant research 
paradigm in the IS field has been behavioural science research [11]. Following recent 
academic literature review by Buntin et al [6], the authors call for more systematic 
approaches to how Healthcare IT adoption challenges could be overcome and 
pragmatically addressed.  

Hevner et al [12] argue that the goal of the behavioural science paradigm is to find 
what is true whilst the design-science approach’s goal is to find what is effective. 
Whereas behavioural science research has the potential to facilitate development of 
theoretical understandings to HIT adoption challenges e.g. why does increased HIT 
adoption not guarantee improved outcomes? DSR has the potential to deliver novel, 
innovative ways to address these challenges e.g. what IT artefacts will increase 
positive outcomes from HIT adoption? DSR is driven by the desire to improve the 
environment through the introduction of “new and innovative artefacts and the 
processes for building these artefacts” [13].  
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DSR “creates and evaluates IT artefacts intended to solve organizational problems” 
[12, P77]. Table 1 presents an artefact typology of outputs from Design Science 
research as defined by March and Smith [13]. Rossi and Sein [15] and Purao [16] 
propose a fifth artefact – listed as better theories, where DSR contributes to a better 
understanding of the phenomenon through reflection and abstraction.   

Table 1. Design Science Research Outputs 

Output Description 

Constructs The conceptual vocabulary of a domain 

Models A set of propositions or statements expressing 
relationships between constructs 

Methods A set of steps used to perform a task – how to 
knowledge 

Instantiations The operationalization of constructs, models and 
methods 

 
The types of challenges faced in the IS field require innovative solutions, as 

requirements are often unstable, possess complex interactions and often call upon 
cognitive and social skills in developing solutions [12]. DSR focuses on providing 
artefacts to address these typical challenges within the field of IS management [13, 
17]. Additionally, March and Smith [13] identify two basic activities: build and 
evaluate. Build “is the process of constructing an artefact for a specific purpose” and 
evaluation “is the process of determining how well the artefact performs” [p. 254]. 
During build phase of an artefact, extensive use of theoretical and research 
methodologies are drawn from the existing knowledge base. Evaluation phase 
pertains to understanding utility – i.e. that the artefact is useful in addressing a real 
world problem or challenge. Furthermore, Hevner et al [12] state that utility relies on 
truth, however discovery of truth may actually lag the discovery of utility. The goals 
of DSR are relevant to the field of IS where the cadence of technological change often 
means theoretical research may often lag real world practitioners’ needs [18].  

3 Using a Design Science Research Approach 

The objective of this paper is to add to the body of DSR in the IS field by establishing 
the utility of artefacts that enable the unified application of IT-CMF and EMRAM 
management approaches - under a common approach called the HIT Maturity Model 
(HIT-MM).  An outline of the design science research approach utilised is described 
in Table 2 using the guidelines provided by Hevner et al, [12]. 
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Table 2. HIT-MM Design Science Research Approach 

DSR 
Guideline  

Approach taken 

Guideline 1: 
Design as an 
Artefact 

DSR approach is to design artefacts that address real world 
problems and challenges [Hevner et al, 2004; March and 
Smith, 1995; Hevner, 2007,]. As previously mentioned, 
artefacts can take the form of constructs, models, methods and 
instantiations [March and Smith, 1995]. The maturity model 
approaches of both IT-CMF and EMRAM represent both 
models and methods i.e. descriptions of maturity levels and 
improvement roadmaps to achieve higher maturity. Both offer 
organisational maturity assessment tools and library of 
recommendations to improve maturity, codified as 
instantiations in capability assessment tools.  While those 
artefacts were already in existence, the HIT-MM further 
refined some of these original artefacts (e.g. assessment 
templates, analysis tools, interpretation guides) and created 
new model to express the relationships and insights between 
IT-CMF and EMRAM. Finally, new instantiation was also 
researched and validated from operationalization their 
combined use (e.g. unified assessment approach) to deliver 
new insights to healthcare IS managers.  

Guideline 2: 
Problem 
Relevance –  

Hevner (2004) defines a problem as the ‘differences between a 
goal state and the current state of a system’. As outlined in 
earlier sections, the problem relevance of the HIT-MM is 
driven by the challenges experienced by healthcare industry 
who continue to struggle with dearth of tools to assist them 
with healthcare IT strategy development and adoption. With 
worldwide IS spending to be around $62 billion dollars 
annually (IDC) for healthcare industry – this is a very real 
issue.  
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Table 2. (continued) 

Guideline 3: 
Design 
Evaluation -  

Due to historical popularity of behaviour science approach, 
many resultant research outputs are defined in a format that are 
skewed towards abstract levels of rigor that impedes direct 
application by IS practitioners to address emerging problems or 
opportunities [19].  DSR focuses on appropriate balance of 
relevance and rigor to address specific challenges in the IS field 
[Hevner and Chatterjee, 2010]. The HIT-MM leverages the 
respective research and development pedigrees of IT-CMF and 
EMRAM - outlined earlier, but also applies DSR approach to 
develop and validate their unified application within a 
healthcare context. Within the HIT-MM, artefact evaluation 
followed Hevner’s [20] proposal, refinement of design during 
the build-evaluate cycle and field testing of the artefacts in its 
domain environment. Initial evaluation of combined use for IT-
CMF and EMRAM began with simplified conceptualizations 
and representations of how both the IT-CMF and EMRAM 
would offer complimentary insights. Through an iterative cycle, 
evaluation provided continuous feedback, initially based on 
Descriptive evaluation method (using informed argument and 
scenarios with subject-matter-experts from both the IT-CMF 
and EMRAM) and then moving to Observational evaluation 
(using case studies/pilots at organisations). Artefacts were 
evaluated in terms of completeness, consistency of format, 
clarity of concepts, usability, fit for purpose, performance, and 
reliability.  

Guideline 4: 
Research 
Contributions –  

DSR contributions include artefacts that add to the existing 
knowledge base or uses existing knowledge in innovative 
ways [12]. The contributions from this research include the 
use of existing knowledge in a novel way i.e. combined use of 
EMRAM (ability to define electronic medical record (EMR) 
capabilities in acute hospitals) and IT-CMF (ability to develop 
underlying IT organisational capabilities). Thus providing a 
unified and systematic view to planning, building and running 
Healthcare IT services via artefacts for healthcare 
organisations to determine their individual maturity levels, and 
identify improvement initiatives in a systematic manner. The 
HIT-MM defined, iterated and refined a suite of artefacts to 
facilitate combined usage of heretofore independently applied 
approaches into a repeatable format tailored to acute-care 
hospital environments. 
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Table 2. (continued) 

Guideline 5: 
Research Rigor 
–  

 

Rigor is derived from the effective use of the existing 
knowledge base to inform the research project [20], and 
includes existing theories, frameworks, artefacts, processes, 
methodologies, experiences and expertise within the 
application domain. The HIT-MM leverages the extensive 
base of industry and academic research that underpins IT-
CMF and EMRAM in the field of IS management [21], and 
healthcare IT [22, 23]. Pragmatic validation of their combined 
use within the HIT-MM was applied on an iterative basis to 
continuously improve the artefacts developed and generate 
new ones. The research output of the HIT-MM provides 
artefacts to assist acute hospitals manage healthcare IT 
adoption in a more holistic and systematic manner – linking 
levels of targeted EMR technology implementations with 
prerequisite IT organisational capabilities to implement and 
effectively run those next levels of EMR. 

Guideline 6: 
Design as a 
Search Process  

DSR is conducted with knowledge of other, competing 
approaches and leverages a cyclical problem solving process, 
where solutions are evaluated against each other and against 
their efficacy for addressing the full problem under 
investigation. This build and evaluate loop is typically iterated 
a number of times before the final design of the artefact is 
completed [24]. The HIT-MM evaluated a number of potential 
management systems that advocating their relevance to IS 
management. The management systems of IT-CMF and 
EMRAM were selected due to their holistic approaches, 
academic underpinnings, industry backing and healthcare IT 
relevance – as outlined in earlier sections of this paper.  

Guideline 7: 
Communication 
of Research -  

 

Presentation of DSR artefacts should satisfy both academic 
rigour requirements and relevance requirements of the 
professional (e.g. managerial) audiences. This DSR work 
provides artefacts for acute-care hospitals to systematically 
improve planning for HIT adoption. IVI (an international 
consortium) is now the steward of these refined and new 
artefacts, which are available through IVI’s education 
programmes to IS managers and researchers. Additionally, the 
HIT-MM supports CIO discussion of research outputs at 
professional conferences where Healthcare CIOs and IS 
practitioners can share perspectives and insights generated 
from the HIT-MM. 

 
DSR has provided a useful research paradigm for the design and evaluation of 

HIT-MM - to research and validate novel artefacts that can address the problem of 
how acute-care healthcare organisations can systematically improve their planning for 
healthcare IT adoption.  Using DSR activities, healthcare IS practitioners can more 
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readily take advantage of these validated artefacts, as well as enabling researchers to 
contribute to the knowledge base for further extension, evaluation and establishment 
of better theories of understanding. Our research process follows the phases adapted 
for general design science research proposed by Vaishnavi and Kuechler [25] namely; 
problem awareness, suggestion, development, evaluation, and conclusion. 

4 Healthcare Information Technology [HIT] Context  
and Research Problem 

Porter and Millar [26] refer to information-intensity as to the information content of 
the service itself and the service within the value chain. In healthcare, patient 
information is not optional, it is essential and places high emphasis on how patient 
information is recorded; stored; accessed; distributed; and analysed (i.e. information-
intensity), which in turn can have a contributory factor in patient outcomes [27,28]. 
For example, Holt et al [29] found that in an examination of over 1,800 surgeries, 
nearly a quarter were delayed due to missing or incomplete patient information. 

Effective adoption of information technology in healthcare is associated with the 
improvement in the quality of care [30, 6] and reduction in costs [3], albeit sometimes 
within the context of wider healthcare reforms. The U.S. Department of Health and 
Human Services states: 

Health information technology [health IT] allows comprehensive management of 
medical information and its secure exchange between health care consumers and 
providers. Broad use of HIT has the potential to improve health care quality, prevent 
medical errors, increase the efficiency of care provision and reduce unnecessary 
health care costs, increase administrative efficiencies, decrease paperwork, expand 
access to affordable care, and improve population health [http://healthit.hhs.gov/].  

Among the top issues of 170 North American CEOs and CIOs regarding prioritises 
in healthcare IT were; the implementation of electronic medical records (EMR), 
reducing healthcare errors with information technology and change management from 
paper to electronic medical records [31]. However, IT spending intensity in healthcare 
has traditionally lagged other industries that have similar levels of information-
intensity. IDC [32] report the scale of healthcare IT spending in 2011 at $62BN, 
representing approximately 3.5% of the total $1.8TN IT expenditure globally. 
Similarly, analysis of Gartner [33] data suggests that relative IT expenditure per 
employee for healthcare ranges from approximately half to one-quarter of comparable 
information-intensive industries like Pharmaceuticals, Life Sciences & Medical 
Products and Banking & Financial Services respectively.  

This gap may in-part be attributable to the recognition that implementation of IT in 
healthcare has been a continuous challenge [33, 35]. Hersh [36] points out: 

Although the case for adoption of improved health care informatics appears quite 
compelling, significant barriers to its use remain …. These include cost, technical 
issues, system interoperability, concerns about privacy and confidentiality, and lack 
of a well-trained clinician informatics workforce to lead the process (p. 2273). 



 Enhancing Benefits from Healthcare IT Adoption Using Design Science Research 131 

 

Additional contributory reasons affecting the complexity of healthcare IS adoption 
vis-à-vis other industries include; life and death nature of the subject, sensitivity of 
personal healthcare information, regulation, multidisciplinary and hierarchical nature 
of healthcare profession [28]. 

 

 

Fig. 1. Healthcare IT Priorities - Planned HIT Projects [Kolbasuk McGee, 2012] 

While some advances have been achieved regarding healthcare IT adoption – there 
is still much to overcome. Figure 1 offers a snapshot of completion rates for HIT 
adoption and current gaps across North America Healthcare CIOs and IT 
practitioners, namely; picture arching (30% gap), and approximately 50% 
implementation gaps for electronic medical/health records, computerised physician 
order entry and e-prescribing. While this study focuses on HIT adoption in North 
American hospitals, it can serve as a useful a barometer and informs the authors’ 
belief that other countries may be at best similar, if not lagging. 

Insight into some of the contributing factors resulting in these implementation gaps 
is offered by a survey of 300+ healthcare practitioners [37]. The paper cites that after 
expense of implementation, the next most commonly cited barriers to adopting EMR 
or EHR were lack of confidence to run patient care and other processes uninterrupted 
while implementing new systems, lack of technical expertise within IT organization, 
and potential negative reaction to using new systems and processes from doctors and 
other clinicians. Furthermore, over 40% of these respondents had no plans to take 
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advantage of emerging technologies like cloud computing that could be beneficial to 
quality of healthcare provision and reduction of costs.  

While the opportunity is enormous for healthcare IT to positively impact the 
quality and cost of healthcare provision, the challenges to achieving this appear to be 
equally so.  

5 Healthcare IT Maturity Model [HIT-MM] Overview 

In response to this, Intel Corporation, Innovation Value Institute, HIMSS Analytics 
USA and HIMSS Analytics Europe have come together to create an industry leading 
model and programme for acute-care hospitals to enhance their IT organisational 
capabilities towards achieving better eHealth outcomes. The Healthcare IT Maturity 
Model (HIT-MM) is aimed at CIOs and senior IT decision-makers who are 
responsible for delivering and running clinical eHealth systems as well as more 
traditional IT systems. The results provide a solid foundation to trigger senior level 
decisions about improving constrained IT organisational capabilities considered 
essential for delivering and running better IS healthcare services. 

The HIT-MM is administered under the HIT-MM programme to enable acute-care 
hospitals map the maturity of their healthcare IS services to the maturity of their 
underlying IT organisational and management capabilities to deliver and run those IS 
services. It aims to offer actionable insights through combining technology roadmaps 
for adopting a fully paperless electronic patient record environment – called EMR 
Adoption Model (EMRAM) [22], with roadmaps for improving underlying IT 
organisational capabilities - called the IT Capability Maturity Framework (IT-CMF) 
[38, 39].   

A goal in researching and developing the HIT-MM was not to ‘reinvent the wheel’, 
rather identify potential complimentary but heretofore independently utilised 
approaches. EMRAM provides insights on the level of electronic medical record 
(EMR) capabilities in acute hospitals, with focus on technology implementation 
roadmaps to achieve increased levels of EMR and participation in an electronic health 
record (EHR), while IT-CMF focuses on managing underlying IT organisational 
capabilities that deliver and run clinical IS and general IS services.  

The HIT-MM focused on developing Design Science Research (DSR) artefacts 
that enable the combined utilisation of EMRAM and IT-CMF approaches into a 
unified perspective. Its aim is to enable hospitals to respectively understand the next 
step of EMR technology implementation and in parallel close gaps in IT 
organisational capabilities to deliver and run better EMR and general IS services. The 
remainder of this section provides a summary overview of IT-CMF and EMRAM and 
artefacts for their combined approaches. 

5.1 IT Capability Maturity Framework (IT-CMF) 

The IT-CMF is a CIO and Senior IT management system that facilitates continuous 
performance improvement across the entire IT organization.  IT-CMF is designed to 
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Utilising the IT-CMF as part of a continuous IT capability improvement 
programme is associated with improved IT performance including lower IT costs, and 
higher business value returns [40, 41, 42]. Furthermore the growing industry uptake 
of IT-CMF enabled via the IVI ecosystem can be a reasonable indicator of utility, 
with a recent IEEE article citing that IT-CMF “…shows all signs of being the industry 
standard for IT readiness and maturity measurement and improvement” [43].  

The development of the IT CMF is underpinned by DSR approach which has been 
previously documented [39, 44, 45, 46], a brief summary is presented in the 
remainder of this sub-section.  

While there already existed multiple fragmented IS management systems offering 
best practices and guidance in fragmented domain areas of IS management, they did 
not address in a holistic manner the full spectrum of IS challenges faced by CIOs and 
IS managers in managing an Enterprise IT organisation, or provide a value and 
innovation management perspective demanded by this audience. This formed the 
problem relevance for development of IT CMF to address this need. The theoretical 
underpinnings for IT-CMF approach are grounded in the field of IS literature and well 
debated Dynamic Capabilities [47]. Furthermore, the development of the IT-CMF 
draws from an extensive base of industry and academic literature including existing 
artefacts, methodologies, foundational theories, industry expertise and existing IS 
management approaches and frameworks. The use of this existing knowledge was 
leveraged by formal IVI working groups (staffed by subject matter experts drawn 
from academia and industry), which were overseen by a Technical Committee that 
used a multi-stage iterative research process to research and develop the IT-CMF. The 
outputs were a set DSR artefacts comprising of maturity curves (categorised as 
Models) and improvement practices (Methods), codified maturity assessments and 
library of maturity improvement practices (instantiations). These formed novel DSR 
artefacts that contribute to a continuous improvement management system for CIOs 
and IS manager to increasingly deliver optimised innovation and value from the IS 
organisation.  

5.2 Electronic Medical Record (EMR™) Adoption Model™ (EMRAM) 

HIMSS (Healthcare Information and Management Systems Society) Analytics is a 
non-for-profit entity positioned to be an authoritative source on EMR Adoption trends 
– providing data to facilitate improved decision making for healthcare organizations 
and policy makers. To track EMR progress at hospitals and health systems, HIMSS 
Analytics consulted with shared interest groups and steering committees – consisting 
of key health informatics and healthcare professionals – to devise the EMR Adoption 
Model (EMRAM). Development also included of testing the EMRAM model for 
suitability and individual refinement across various geographies to reflect local 
characteristics [48, 22].  

HIMSS Analytics’ Electronic Medical Record (EMR™) Adoption Model™ 
(EMRAM) identifies the levels of EMR capabilities ranging from the initial clinical 
data repository (CDR) environment through an EMR environment where paper charts 
are no longer used to delivery patient care – all care processes are supported with  
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Fig. 3. HIMSS Analytics’ Electronic Medical Record (EMR™) Adoption Model™ (EMRAM) 

electronic documentation. EMRAM is an eight-stage model (Stages 0 to 7) that 
classifies an institution’s level of IT adoption - refer to Figure 3.  

HIMSS Analytics’ methodology scores hospitals relative to their IT enabled 
clinical transformation status, providing peer comparisons for hospital organizations 
as they strategize their path to a complete electronic record management (EMR) and 
participation in an electronic health record (EHR). HIMSS Analytics collects and 
analyses international healthcare IT trends using this EMRAM method to score more 
than 5,300 healthcare providers throughout the US, Europe and Asia, resulting in a 
proven roadmap towards creating a paperless patient record environment for hospitals 
and health systems. Thus far, approximately 100 Stage 7 hospitals have been 
identified globally [www.himssanalytics.org website, last accessed Oct 2012]. A 
Stage 7 is a fully digitized, virtually paperless environment with a broad range of 
interoperability and data exchange capabilities with other organizations. Research 
data suggests that hospitals at a high level on the EMRAM model are more likely to 
demonstrate top performance on both; how patients are cared for through clinical 
measures and; how the hospital performs as an efficient business [22, 48].  

5.3 Artefacts for an Unified Application of IT-CMF and EMRAM  

As mentioned earlier, EMRAM provides insights to level of electronic medical record 
(EMR) capabilities in acute-care hospitals, with a focus on technology roadmaps to 
implement EMR and participation in an electronic health record (EHR). While IT-CMF 
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focuses on managing underlying IT organisational capabilities to deliver and run IS 
clinical services. Independently, both approaches have widespread use by organisations. 
However, combining the complementary approaches of IT-CMF and EMRAM to 
provide a unified perspective allows hospitals to close gaps in IT organisational 
capabilities to deliver and run improved healthcare IS services – conceptually Figure 4 
illustrates their complementary application and insights. In this illustration, a healthcare 
organisation has mapped its current level of EMR adoption at level 2 but is targeting 
EMR technologies of level 3 using the EMR Adoption Model (left-side of Figure 4). 
While the IT-CMF (right side of Figure 4) highlights underlying IT organisational 
capabilities considered necessary by the hospital’s IS management team to assist with 
achieving the next level on EMR technology adoption. 

 

Fig. 4. Unified use of EMRAM and IT-CMF 

Because both EMRAM and IT-CMF leverage maturity model architectures, and 
target discrete but related areas of information systems (IS) management (i.e. 
healthcare IT adoption and IT organisational capability respectively), there are 
considered highly complementary, i.e. they can highlight critical dependencies across 
targeted EMR levels and required IT organisational capabilities to achieve that level 
of EMR and general IS services. The unified application is designed to reveal 
constraining dependencies between desired levels of EMR adoption and underlying 
IT organisational capabilities, plus offer an improved and more systematic approach 
when planning outcomes from HIT investments.   

5.4 Intel Healthcare Best-Practice Library 

In addition to the unified usage of IT-CMF and EMRAM approaches, Intel 
Corporation provided healthcare IT adoption proof-points on emerging technologies 
such as mobile health, security, cloud and integrated care delivery. This additional 
layer allowed a hospital’s IS management to consider how best to leverage emerging 
technologies that can enhance clinician IS services - via reference to a best-practice 
library of how other hospitals have overcome similar challenges and realised 
benefits.  
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6 HIT-MM Evaluation Process  

A novel feature of this programme is evaluating the utility for combined used of IT-
CMF and EMRAM - allowing for the cross-referencing of their respective insights - 
Figure 5 outlines a summary of the unified evaluation process. This instantiation 
represents novel evolution of the IT-CMF and EMRAM approaches for 
interoperability. The initial approach was designed and then refined through informed 
discussions with subject matter experts (SMEs) from respective frameworks and 
initial pilots with hospitals. 

 

Fig. 5. HIT Maturity Model Process (Instantiation) 

The first step in unified assessment was an orientation call with a sponsor at each 
hospital to agree objectives, benefits and milestones. This buy-in and support was 
crucial to the overall success of the HIT-MM programme. This was followed by a 
workshop (virtual, 2.5 hours) with the CIO/IT-Director plus selection of his/her staff 
to complete the IT Capability Maturity Framework (typically 4-8 participants). 
Participants completed questions individually after survey coaching while still on the 
webinar – with the facilitator available to assist with clarifications as they arise. 
Follow-up individual interviews (virtual, 1 hour) for a selected subset of workshop 
participants were conducted to augment additional insights with the IT-CMF data 
collected in the webinar. In parallel, the hospital completed (or updated) the 
Electronic Medical Record Adoption Model (virtual, typically 0.5-3 hours for one 
individual). Analysis of hospital’s IT capability, and actionable improvement 
roadmaps were subsequently defined based on the collected data and presented in a 
two-phase report-out to hospitals. 
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The first phase of the report-out included analysis and recommendations for the 
hospital’s IS strategy when planning investments in EMR technology adoption. 
Figure 6 illustrates one of the HIT-MM’s artefacts - objectively prioritises IT 
capabilities to provide a quick and easy reference point for hospital’s IS management 
to level-set on decisions about where improvements will be most effective. This and 
other artefacts allowed IS management to understand how the maturity of their 
healthcare EMR services is influenced by the maturity of their underlying IT 
organisational capabilities to deliver and run those services. 

 

Fig. 6. IT-CMF Prioritisation (Artefact) 

Figure 8 illustration relates to a phase-two report-out i.e. cross hospital mapping of 
EMR adoption levels to corresponding IT organisational capabilities - to discover the 
essential IT organisational capabilities that make certain hospitals more successful in 
EMR adoption over others. These comparative insights draw from cross-hospital 
analysis following a valid cohort of hospitals assessed as part of the HIT-MM.   

Figure 7 is illustrates recommendations from the IT-CMF on how to address 
prioritised IT capabilities (i.e. execute stable and repeatable patterns of IT 
management activities) that will make a difference to eHealth adoption. These best-
practice guidance are drawn from IT-CMF artefacts and enhanced for target audience 
where necessary.  

Figure 8 illustration relates to a phase-two report-out i.e. cross hospital mapping of 
EMR adoption levels to corresponding IT organisational capabilities - to discover the 
essential IT organisational capabilities that make certain hospitals more successful in 
EMR adoption over others. These comparative insights draw from cross-hospital 
analysis following a valid cohort of hospitals assessed as part of the HIT-MM.   
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Fig. 7. IT-CMF Recommendation (Artefact) 

 

Fig. 8. IT-CMF and EMRAM Combined Approaches (Model) 

This analysis will provide predictive insights on required IT capabilities to achieve 
next level of EMR adoption. It allows individual hospitals infer comparative insights 
from peer hospitals that may be further along the EMR adoption roadmap.  

To date, 16 hospitals have participated in this programme – predominantly located 
in Europe and a smaller number in North America. Approximately 30% of hospitals 
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had achieved EMRAM stage 6 or better and greater than 30% were larger than 500 
beds. The nascent patterns suggest that hospitals who are lower on EMR adoption 
typically prioritise more technical and traditional service orientated critical 
capabilities of the IT-CMF. Whereas, hospitals higher on EMR adoption typically 
focus on more business orientated critical capabilities. Intuitively, this is reasonable 
pattern to expect, as at lower levels of EMR adoption – the focus is more on 
implementation and running of discrete (often considered ‘back-of-house’ or 
platform) healthcare systems. Whereas at higher EMR adoption levels, the focus 
moves to more proactive stakeholder and change management, as cross-system 
integration and point-of-care systems become more prevalent [48, 22]. This analysis 
offers practical insight to hospitals who are seeking to progress their levels of EMR 
adoption and want to understand prerequisite IT capabilities they should also develop 
to ensure success. 

Intel Corporation, Innovation Value Institute and HIMSS Analytics have supported 
a series of international CIO workshops to communicate and discuss the research 
outputs, principally; HIMSS Annual Conference & Exhibition 2012 (Las Vegas), 
eHealth Week 2012 (Copenhagen) and HIMSS CIO Leadership Conference 2012 
(Mallorca). The artefacts of HIT-MM have been adopted by IVI into its professional 
education and training curriculum for CIOs and IS managers. These activities 
facilitate communication of research insights to professional and academia – plus 
offer invitations for other hospitals to benefit from participation. Furthermore, HIT-
MM programme stakeholders are committed to a series of publications targeting the 
healthcare industry and academia.  

7 Summary and Conclusion 

Design-science research (DSR) goal is to overcome challenges in unique or 
innovative ways or in more effective or efficient ways. Hevner et al (2004) state the 
"design is essentially a search process to discover an effective solution to a problem" 
without the necessary need to explicitly specify all possible solutions. DSR seeks to 
establish the utility of artefacts and to characterize the environments in which it 
works, even if it cannot be completely explained why it works. Using this view, the 
design and evaluation of the Healthcare IT Maturity Model (HIT-MM) process and its 
artefacts –described in previous sections – can be characterised as design science 
orientated.  

In this paper the authors describe the rationale for a combined approach to using 
IT-CMF and EMRAM (under the umbrella of the HIT Maturity Model) towards 
increasing effective adoption of Healthcare IT. The paper briefly describes the design 
science research approach of the HIT-MM. The objective of HIT-MM is to enable 
hospitals to more systematically strategize their adoption of the next level of HIT 
systems, and in parallel determine what IT organisational capabilities are needed to 
support those activities. There is however more research needed, in particular 
validating the emerging patterns and trends over a larger population and multiple time 
periods, as well as understanding potential variances that may be attributable due to 
differences in national and regional healthcare policies.  
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1 Introduction 

The synergistic relationship between widely used innovation processes, such as IDEO 
[8] and the Design Science Research (DSR) paradigm [7] has been identified and 
explored. In Anderson et al. [1], we use a real-life case study of an IDEO-based 
Innovation Cycle in Chevron to perform a gap-analysis with DSR. The results of the 
study suggest that there are key insights that can be drawn from the DSR concepts and 
guidelines that can potentially impact and improve organizational innovation processes. 
Based on our initial gap analysis, we find five key areas of potential DSR contribution. 

1.1 Artifacts 

The Innovation literature focuses on the contribution of the artifact to the application 
environment and the ‘adopting unit.’ The case study indicates that innovative artifacts 
can take on many forms of abstract knowledge (e.g. models, architectures, methods), 
as well as, physical or systems-based instantiations. Current innovation processes, as 
exemplified by the application of the IDEO innovation approach in Chevron, focus on 
the outcome of the overall process rather than the artifacts that are created at each 
stage of the process. The identification and analysis of artifacts created throughout the 
entire innovation process may well be a core differentiator between DSR and 
Innovation. 
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1.2 The Central Role of Evaluation 

DSR guidelines stress the importance of evaluation of utility, quality, and efficacy.  
Apart from an effort by Venkatesh and Davis [13] to establish evaluation criteria for 
disruptive innovations, there is little evidence of extensive use of evaluation methods 
in the innovation process. It is not well defined how innovators appropriately select 
evaluation methods to provide convincing evidence of their artifact’s utility and 
qualities. We posit that the emphasis on evaluation in DSR could have great potential 
to inform innovation processes.  

1.3 Rigor 

DSR guidelines stress the application of rigor in the development process – as a 
means of enhancing the quality of the artifact that emerges from the process. A 
corresponding emphasis on rigor in construction and evaluation is not to be found in 
the Innovation literature. We would argue that rigor in innovation processes is just as 
essential as in DSR. Attention to the most appropriate and effective techniques for 
building and evaluating the innovation is critical to an innovation’s acceptance and 
success in the market place. 

1.4 Search 

In the case study, only contributions that are new and unique to the group executing 
the Innovation Challenge are in focus, so there is an onus on members of the 
innovation community to perform relevant searches. While we found a number of 
similarities between the search processes for design artifacts in DSR and the Chevron 
innovation process, we believe that further study is needed to fully understand the 
relationships between the methods for searching complex solution spaces for 
innovations and design solutions. 

1.5 Contributions and Value 

DSR guidelines stress that clear and verifiable contributions in the areas of the design 
artifact, design theories, and/or design methodologies are required. In parallel the 
innovation cycle stresses the drive for solutions that are new, value-added 
contributions to the organization applying them. The case study looked at the value of 
artifacts throughout the innovation cycle which lead to important findings that are 
useful to business, as understanding the business value of the innovation process is 
one of the major problems facing organizations today. As established innovation 
processes do not usually analyze the value of all ideas (usually only ideas that pass 
final approval at the end of the process are analyzed for value) our analysis led us to 
interesting discoveries of potential value of artifacts throughout the cycle.   

2 The DRIVES Model of Innovation 

Drawing from this gap analysis of Design Science Research and the Chevron 
Innovation Cycle, we propose a DSR influenced innovation model termed DRIVES 
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(Design Research for Innovation Value, Evaluation, and Sustainability). The 
application of DSR concepts and guidelines to the discovery and development of 
innovative artifacts can be described in the following six-stage innovation model. 

2.1 Challenge  

Define and describe the challenge to be addressed by the Innovation Process. This 
stage elicits the essential requirements information for the desired innovation and 
structures the innovation task for subsequent stages of DRIVES. 

a. Use appropriate techniques and models to formulate state representations of the 
current environment and the goal environment.  

b. Expose the problem or opportunity to be addressed by the desired innovation. 
How would the innovation transform the current state to the goal state? 

c. Describe the Design Space via parameters that can be manipulated by heuristic 
search algorithms. The design space can be viewed as the collection of all 
possible designs and requirements. Conceptually, then, we can imagine that the 
space is partitioned between a few known and many unknown designs. The 
design process begins with a search of this space in order to identify one or more 
particular positions, which can be referred to as Design Candidates.  

d. The search for high fitness design candidates and artifacts requires utilizing 
available means to reach desired ends while satisfying laws in the design space. 

e. The principle issue in this stage is Complexity. Any real-world problem or 
opportunity will necessarily be embedded in a complex environment making its 
solution a wicked problem. 

f. Designers may react to complexity in the innovation process in many different 
ways. They may choose to decompose the problem into sub problems, each of 
which then becomes the basis of its own task. They may choose to approach the 
problem iteratively, using the repetitive build-evaluate cycles that are typical of 
agile programming. They may choose to reframe the problem entirely, perhaps 
using analogy to look at the problem in an entirely different way.  

2.2 Ideation  

The goal in this stage is to search the design space and generate feasible candidate 
designs. The essence of this stage is Creativity to produce novel ideas in the form of 
artifacts. 

a. In the early stages of design discovery each new artifact is "an experiment" that 
"poses a question to nature" [10 p. 114]. Existing knowledge is used where 
appropriate to build the artifact; however, most often the requisite knowledge is 
nonexistent. As previously noted, such artifacts may be symbolic or physical 
representations of our selected location in the design space 

b. Providing evidence of design feasibility - Can the proposed design be 
implemented and does the proposed design meet the requirements? Building 
feasibility artifacts moves designs across the unknown/known partition. 
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c. This stage can be compared to the traditional ‘brainstorming’ phase of 
innovation. However, our concept of ideation is more constrained by the 
activities of the previous ‘challenge’ stage. Candidate designs, e.g. ideas, must 
provide evidence of feasibility before acceptance. 

2.3 Refinement  

This stage contains the core ‘build – evaluate’ design cycle of Design Science 
Research. Feasible candidate designs are refined during rigorous cycles of building 
out the design artifact and subjecting it to appropriate evaluation methods that 
demonstrate its strengths and weaknesses to achieve the goal state. 

a. The internal design cycle is the heart of any DSR project. This cycle of research 
activities iterates rapidly between the construction of an artifact, its evaluation, 
and subsequent feedback to refine the design further. Simon [12] describes the 
nature of this cycle as generating design alternatives and evaluating the 
alternatives against requirements until a satisfactory design is achieved. The 
design cycle is where the hard work of DSR is done. During the performance of 
the design cycle a balance must be maintained between the efforts spent in 
constructing and evaluating the evolving design artifact. Both activities must be 
convincingly based in relevance and rigor. Artifacts must be rigorously and 
thoroughly tested in laboratory and experimental situations before releasing the 
artifact into use. This calls for multiple iterations of the design cycle before 
contributions are identified in the next stage. 

b. Successful innovation also requires the intellectual Control to refine creative 
thinking into practical solutions. Such control is dependent on the cognitive skills 
of reason and judgment. In essence, maintaining intellectual control of the 
evolving Build activities in DSR results in the reduction of uncertainty. Drawing 
from ideas of problem structuring and complexity, we identify two types of 
uncertainty. A major challenge in problem structuring is differentiating between 
these two situations and then applying the most effective controls in order to 
refine the selected design candidates to use artifacts. 

i. Reducible Uncertainty – The problem can be decomposed into sub-
problems that can be addressed independently via control techniques of 
learning, planning, abstraction, solution specification, and composition 
of solutions. 

ii. Irreducible Uncertainty – The problem has no clear decomposition and 
must be solved as a whole via control techniques like scenario 
generation and risk management. 

c. The process of design refinement asks the following key Build questions:  
i. Providing evidence of the value of the design - Does the design offer 

benefits unmatched by competing design candidates? Here the objective 
becomes to establish an ordinal valuation that can be used to rank 
candidate designs. 

ii. Determining the most effective representation of the design – How can 
we best communicate the intricacies of the design to the implementers 
(e.g. architects, programmers). 
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iii. Constructing the actual use artifacts – How do we guide the 
construction of the use artifact? As examples - a blueprint is a 
construction artifact that serves to guide the physical construction of a 
house; source code is a construction artifact that serves to generate the 
programs that are distributed to users. 

d. At the conclusion of this stage, there should exist only a very few surviving 
design candidates that will move onward to use in the target field environment. 

2.4 Contribution  

Once the refinement stage generates an innovative design artifact, a time of reflection 
is needed to understand how the new design contributes to the human knowledge 
base. Such reflection is extremely valuable during innovation to appreciate how truly 
innovative the ideas are or whether we are simply reinventing wheels. 

a. Contributing to human knowledge is seen as the key criterion for the credibility 
of the innovation effort. The appropriate and effective consumption and 
production of knowledge are fundamental issues that innovation teams should 
consider throughout the innovation process – from initial problem selection, to 
the use of sound research methods, to reflection, and to communication of 
research results in journal and conference articles. The potential impacts of 
rigorous DSR are lost or marginalized when knowledge contributions are 
inadequately positioned and presented. 

b. IT artifact plays a key role in knowledge contribution. In general, the term 
artifact refers to a thing that has, or can be transformed into, a material existence 
as an artificially made object (e.g., model, instantiation) or process (e.g., method, 
software). Many IT artifacts have some degree of abstraction but can be readily 
converted to a material existence; for example, an algorithm converted to 
operational software. In contrast, a theory is more abstract, has a non-material 
existence, and contains knowledge additional to the description of a materially 
existing artifact. The construction of an artifact and its description in terms of 
DSR concepts and principles can be seen as steps in the process of developing 
more comprehensive bodies of knowledge or design theories.  

c. A DSR Knowledge Contribution Framework as presented by Gregor and Hevner 
[5] posit a DSR knowledge contribution framework as an effective way to 
understand and position a DSR project’s research contributions. Clearly 
identifying a knowledge contribution is often difficult in DSR because it depends 
on the nature of the designed artifact, the state of the field of knowledge, the 
audience to whom it is to be communicated, and the publication outlet. In 
addition, the degree of knowledge contribution can vary: there might be 
incremental artifact construction or only partial theory building, but this may still 
be a significant and publishable contribution. The size of the knowledge increase 
could be offset by the practical impact in a knowledge area. 
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2.5 Use  

The goal in this stage is to actualize the candidate artifacts via prototyping or other 
forms of implementation and study in the target environment. Field evaluations are 
performed to understand the utility and fitness of the artifact in context. 

a. The output from the previous stages must be returned into the environment for 
study and evaluation in the application domain. The field study of the artifact can 
be executed by means of appropriate technology transfer methods such as action 
research [11]. 

b. The results of the field testing will determine whether additional iterations of the 
refinement stage are needed. The new artifact may have deficiencies in 
functionality or in its inherent qualities (e.g., performance, usability) that may 
limit its utility in practice. Another result of field testing may be that the 
requirements input to the innovation process were incorrect or incomplete with 
the resulting artifact satisfying the requirements but still inadequate to the 
opportunity or problem presented. Returning to the Challenge stage will 
commence with feedback from the environment from field testing and a 
restatement of the research requirements as discovered from actual experience. 

c. The use artifacts are divided between pilot test instances—for which returning to 
the design cycle of refinement is intentionally left open as a possibility—and 
release use instances, for which further redesign is not immediately anticipated. 
While this conceptual scheme obviously maps directly to IT artifacts such as 
software, it should be recognized that organizations frequently employ a phased 
roll out of non-technology artifacts, such as organizational structures or incentive 
plans, with the same notion that the design may later be tuned based upon early 
experience. 

d. The results of this stage will indicate whether the proposed artifact is a 
satisfactory result of the innovation process or whether the process will need to 
return to a previous stage for more work. 

2.6 Sustainability 

The final stage of the innovation process moves beyond the current usefulness of the 
design artifact to a fuller appreciation of the sustainable value of the innovation. Here 
we briefly discuss several characteristics of a sustainable innovation. The appropriate 
selection of sustainability criteria will depend on the innovation environment and 
goals. 

a. Decomposibility - The seminal work that launched the study of design science is 
Herbert Simon’s [12] The Sciences of the Artificial. The second half of the book 
is largely devoted to explaining why systems tend to evolve from nearly 
decomposable subsystems. Indeed, even under the existing DSR goals, 
decomposability is likely to exert a strong influence on design quality and would 
therefore be evaluated as part of the design. In addition, such systems tend to be 
easier to construct, since work on individual components can be conducted 
separately.  
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b. Malleability - Often enhanced by decomposability, the malleability of an artifact 
represents the degree to which it can be adapted by its users and respond to 
changing use/market environments [6]. MIS research has demonstrated that users 
frequently employ tools for unintended purposes.  We would expect that such 
adaptation would allow designers to evolve artifacts to support these uses more 
effectively. Tools such as scripting languages are sometimes incorporated into 
application designs to provide power user-malleability. User-malleability itself 
can be divided into levels, such as customization, integration and extension. Here 
customization refers to the ability of a design to be tailored to a user’s 
preferences. Integration involves the ability to conveniently share the capabilities 
of one artifact with another, creating a resultant artifact with capabilities beyond 
those of either original design. The ability to create mash-ups of web components 
on a single page is an example of this capability. Extension means adding new 
capabilities to an artifact.  

c. Openness - Another design characteristic that has the potential to impact design 
fitness is the degree to which artifacts are open to inspection, modification, and 
reuse. Open designs—particularly when combined with decomposability and 
malleability—encourage further design evolution by making it easier both to see 
how an artifact is constructed and to modify existing components of the artifact. 
For example, an information system created as an open source application has a 
significant advantage over a proprietary design in terms of its ability to evolve 
rapidly.  

d. Embeddedness in a Design System - We would expect design artifacts that are 
the product of a sustainable design system environment to evolve more rapidly 
than artifacts that are produced in a context where design is an unusual activity. 
This particular source of fitness can sometimes act as a counterweight to 
openness, as organizations with highly effective research and development 
activities may be reluctant to open up their designs and may use legal measures—
such as patents and copyrights—to discourage unauthorized parties from 
evolving the original designs. A design system can also manifest itself as a 
community of users and designers, providing contributors with intrinsic 
motivation to contribute.  

e. Novelty - A design may be considered novel if it originates from an entirely new 
region of the design space. Once such a design candidate has proven viable, other 
design candidates from the same region are likely to follow in an attempt to 
locate the local peak on the fitness landscape. A particular challenge that novel 
design artifacts present is that the creative process through which they are 
envisioned may not meet the criterion of usefulness and rigor suggested by the 
original guideline and the potential benefits of the design may be hard to 
evaluate. A genuine new invention is a difficult goal for DSR research projects 
and we can expect few research contributions to be true inventions [5]. However, 
exploration for new ideas and artifacts should be encouraged regardless of the 
hurdles. 

f. Interestingness - Normally, a design artifact is created in order to explore or 
demonstrate some specific purpose. From time-to-time, however, an artifact may 
demonstrate unexpected emergent behaviors that are worthy of subsequent 
investigation and the creation of subsequent artifacts. An artifact may also be 
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constructed in an unexpected way that intrigues other designers or design 
researchers. We characterize such designs as interesting. While there is likely to 
be considerable overlap between designs that are interesting and designs that are 
novel, the two characteristics are not identical. We have framed the benefits of 
novelty in terms of contributing to the diversity of the design landscape. Broadly 
speaking, the benefit of an interesting design is its propensity to diffuse. In fact, 
requiring a design to be interesting may serve as a limitation on its novelty.  

g. Elegance - In many areas of design, such as architecture, consumer products and 
apparel, there is an ongoing tension described as form versus function. Function 
relates to practical usefulness. Form, in contrast, describes aesthetic elements 
such as appearance that do not necessarily serve a useful purpose, yet 
nevertheless increase the user’s utility.  The characteristic of an IS design artifact 
that corresponds to form might best be referred to as elegance. Like quality, 
elegance is hard to define in a rigorous manner and yet characteristics that might 
be associated with it—such as compactness, simplicity, transparency of use, 
transparency of behavior, clarity of representation—can all lead to designs that 
invite surprise, delight, imitation, and enhancement. Equally important, they can 
cause a design artifact whose usefulness has yet to be demonstrated to endure.  

3 Observations and Future Directions 

Current methods of innovation, such as IDEO, are being criticized for a lack of rigor 
and ‘scientific’ results in their execution [4]. Our goal in this paper is to propose the 
DRIVES model of innovation that incorporates the rigor of Design Science Research 
into an innovation process. In this concluding section, we provide observations of an 
industrial consortium to the DRIVES model.  

During 2012, a consortium of innovation leaders from four major corporations 
conducted an analysis of  innovation processes and methods. This Innovation 
Management Research (IMR) Group participated in a research project on the 
measurement of innovation management processes. The four corporations represented 
in the group leverage a similar framework for innovation based on the well-known 
IDEO innovation cycle. The IMR group also leveraged research and lessons learned 
from participation in the Innovation Management Working Group of IVI (Innovation 
Value Institute). In their initial exposure to the DRIVES model, they identified two 
significant areas that are considered ripe for benefit from DSR concepts: the 
Challenge Stage and the Refinement Stage. Thus, the following analysis focuses on 
observations from these two areas.    

3.1 Challenge Stage Observations 

The DRIVES model Challenge Stage maps to the first two steps in the IDEO 
Innovation Cycle: Understand and Observe. The goals of these steps are to secure an 
understanding of the challenge at hand, to develop artifacts that are used to enable 
participants to understand the problem so that they can contribute new ideas to the 
solution of the problem or challenge, and to develop metrics to measure the success of 
the effort.  
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The set of common tools utilized by the IMR Group to understand the current 
environment in innovation workshops include: 

• Forcing factor analysis  
• Root Cause Analysis  
• Interviews of people involved in the current state 
• Capability Assessment -- current state  
• Organization metrics  
• Project Look-Backs and Postmortems 
• Value Stream Mapping 
• Problem Statistics 
• Success Statistics 
• Technology review 
• Pain point identification 
• Benchmarking analysis of peer organizations – current state 

Tools to identify the goal environment include: 

• Vision statement – (example new market expansion) 
• Benchmarking Analysis of peer organizations – desired/future state  
• Capability assessment – future/desired state  
• Best method Analysis  
• Interviews of people involved in the current environment  

Once the current environment and the goal environment are captured, the question of 
how the innovation would transform the current state to the goal state must be answered. 
This statement hits an important area of potential value of DSR to innovation. This is an 
area where the IMR Group observes that the art of creative thinking is leveraged rather 
than having a methodical practice that can measured. At this stage the option is usually 
done by “Connectors” as described by the IMR Group: people who observe the desired 
innovation and make the mental connection that it might have great value in the 
environment of focus. The IMR Group described this mental connection as an “epiphany”.  

Perhaps because of the time required to expose the desired innovation to the 
environment – or because the Connector realizes the epiphany might have many 
applications beyond their own perspective – this epiphany state is one of the primary 
catalysts for engagement of innovation management. The agility of the innovation 
management area allows rapid exposure and the ability to bring in people with 
different points of view from various parts of the organization. If time or 
organizational structure are not factors then the activity might be managed by 
traditional research and development.  

The IMR Group wonders if DSR might help in this area via: 

• Epiphanies are sometimes hard to understand as they are not documented in 
formal ways.   Can DSR help us learn more about this area?  

• Epiphanies by subject matter experts or influential business leaders are 
accepted and provide over 50% of the work managed by innovation teams of 
the IMR Group.  But the group believes there are lots of epiphanies that are 
not heard or understood.  Can DSR help us learn more about this area?  
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As a deliverable of the Challenge stage, the IMR Group recommends the 
generation of a single artifact, a Challenge Scoping Document.  This document would 
include:  

• the frame for the innovation activity including in and out of scope statements 

• timing 

• business / functional area for investigation and application 

• resources available for effort including people involved in creative thinking 
about it 

• success factors 

• proposed methodologies to be applied to the challenge 

3.2 Refinement Stage Observations 

The IMR Group believes the DRIVES Refinement Stage is another key area where 
DSR can better support industrial innovation. There is a significant concern that if 
innovation artifacts not framed properly the likelihood that ideas and solutions might 
be missed is high.The IMR Group believes the following methods can be leveraged in 
refinement:   

• Idea expansion  (group tests a submitted ideas and augments as appropriate)  
• Idea Evaluation:  sorting by success criterion   
• Idea Theme identification 
• Rapid Prototyping  
• Proposal Documentation  

Output from the refinement stage often triggers another round of ideation to 
expand creative thinking, which in turn is followed by another cycle of refinement. 
The IMR Group knows that there are many areas where DSR might add value to 
Innovation in this refinement stage as it takes concepts generated by the art of creative 
thinking in the ideation stage and judgments are applied to identify the wheat from the 
chaff. But participants also know that great new ideas and concepts can be lost 
without clear and rigorous criteria for the build-evaluate cycle as dictated by DSR. 

3.3 Future Directions 

The IMR Group will remain engaged with this research on applying DSR concepts to 
innovation processes. The group is actively studying all stages of the DRIVES model 
for important value-added ideas for corporate innovation processes. This research is 
being undertaken in conjunction with the Innovation Value Institute (www.ivi.ie) [2-
3].  Applying the principles of engaged scholarship [9, 14], innovation is being 
investigated using a design process with defined review stages and development 
activities based on the DSR guidelines advocated by Hevner et al. [7]. Using a case 
study approach supported by semi-structured interviews, researchers will investigate  
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the practice of innovation in some of its consortium members. A focus of the research 
is the design decisions and rationale underpinning innovation processes so that the 
relationship between DSR and Innovation might be better understood.  
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Abstract. Using domain knowledge to instruct domain specific Natural Lan-
guage Processing (NLP) applications requires that knowledge intensive design 
challenges associated with developing extraction rules and conceptual models 
from that knowledge be addressed. Applying the nested problem-driven ap-
proach of Design Science Research (DSR) assists knowledge problem reduction 
to practical problems, delivering artifacts of utility. Where artifact design has to 
facilitate practitioner and research stakeholder expectations, dual leveraging of 
design process stages and conceived artifacts is required. This paper presents 
how an existing Information Systems (IS) framework, previously applied to  
enterprise architecture research, can be adapted to enhance stakeholder en-
gagement within a collaborative informatics research project. The business  
motivation behind domain specific NLP is explained and design challenges en-
countered in framework application to use case development, discussed. Further 
contributions that outline artifact evolution using problem decomposition are 
made through integrating expert domain knowledge and design knowledge 
translation as part of the adapted research process. 

Keywords: Natural Language Processing, NLP, Information Extraction,  
Design Science Research, Financial Analytics, Ontology Modeling, Knowledge 
Transformation. 

1 Introduction 

For academics engaged in information systems (IS) industrial collaboration, balancing 
industrial expectation with academic research pursuits is a constant challenge. Dis-
connects between research partners and practitioners ensure that activities with either 
complimentary or common goals are often overlooked and opportunity to leverage 
output in respective fields is seldom realized to its full potential. Ensuring that re-
search activity remain practicable and relevant while at the same time delivering a 
quantifiable research contribution to the knowledge base, demands artifacts that satis-
fies both research partner and industrial practitioner expectations. Overlap do exist; 
both Design Science and an application domain environment produce results of know-
ledge and artifacts as models, constructs, methods and instantiations [1-3]. Introduc-
ing clarity between researchers on the one hand and practitioners on the other requires 
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that adequate collaborative engagement takes place supported by rigorous procedures 
that satisfy expected solution artifact delivery. 

To investigate this dynamic we apply Design Science Research to the IS  
sub-domain of Natural Language Processing (NLP), specifically addressing the 
framework adopted, its differing deliverable types and how they can be assessed and 
measured by researchers and practitioners as stakeholders. Using a collaborative in-
dustrial - research informatics project1 (described in Section 1.1) we outline how the 
framework facilitates practitioner business need through the application development 
of a qualitative decision support system on the one hand and researcher knowledge 
base contribution on the other, using complimentary artifacts design (cf. Section 4). 
Adhering to design-orientated information systems research process principles [4], 
and design-science research guidelines [1], our methodology in keeping with Meyer 
[3], centers on the intended application environment, artifact development and its 
changing nature throughout the research process. Key to our contribution and in simi-
lar vain to Wieringa [5], is the application of DSR’s nested problems decomposition 
approach to research project structuring, allowing research methodology stages 
enrichment with researcher artifact output and its alignment with existing practitioner 
artifact output. Our research aims to reinforce existing IS design theory by providing 
guidance to collaborative research projects participants in terms of achieving  
engagement that delivers on these differing end goal expectations.  

This paper is structured as follows: Section 1.1 first introduces the business moti-
vation driver behind the research use case and the design goals required. In Section 2, 
NLP, positioned under the broader area of Information Extraction considers implica-
tions for Design Science stemming from the design goals. Adaption of Design 
Science frameworks and methodology to reconcile practitioner and researcher artifact 
and deliverable expectations are introduced in Section 3. Section 4 discussed research 
process application to our informatics use case and lessons learned are presented in 
Section 5. Section 6 concludes the paper. 

1.1 Business Motivation and Value Proposition 

Competitive analysis is used as an investigative tool by business analysts to deliver 
insight into critical business processes. Those processes include: a firms or competi-
tor’s operations and strategy; understanding market movement; identifying competi-
tors; determining strengths and weaknesses; and prediction of the next strategic and 
tactical moves [6]. Competitive analysis monitors competition or environmental fac-
tors, captures essential measures of activity, and organizes those measures to help 
decision makers detect and respond to changes [7]. In particular, the free text man-
agement statements that comment on corporate performance and intangibles such as 
people, brands and patents are actively searched for key information and interpreta-
tion of company position. Manually locating and correlating key information from 
within the financial statements is recognized as presenting particular difficulty due to 
their textual nature, lack of structure and lack of common format [8]. The filings size 
                                                           
1  Concentrating on the areas of competitive intelligence that targets fact extraction from  

business reports. 
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and sheer volume, ensures that up to 75% of analyst resource availability is expended 
in information gathering to support analysis [9]. Previous investigations have noted 
that analysts conducting such manual information acquisition dedicated 12.5% of 
available time to searching the filings introduction sections and establishing where in 
the filing to look for relevant information and the remaining 87.5% analyzing the 
identified sections [10].  

The use case company, due to changing business practices, tasked its Business 
Process Outsourcing (BPO) team with the identification of software vendors as poten-
tial sources of new business opportunity for the outsourcing of their software and 
supporting production services. Manual competitive analysis was their main analyti-
cal tool. An artifact that could reduce the level of manual effort while assisting in 
identifying key pieces of information to better support competitive intelligence insight 
was required. Design goals contributing to the emergence of such an application arti-
fact would minimally have to support individual knowledge transformation processes 
of: i) linguistic modeling of filing narrative section based on analyst heuristics and 
insight; ii) automated linguistic analysis of filing using the conceptual linguistic mod-
el; and iii) an artifact that provides an environment to support analyst perform the 
competitive intelligence task.  

2 Natural Language Processing Implications for IS Research  

Information Extraction (IE) as a fundamental process involves taking unstructured 
text input and outputting formatted unambiguous data [11]. IE systems can be catego-
rized as adhering to knowledge engineering (KE) or machine learning (ML) ap-
proaches. KE depends on domain expert knowledge to hand craft extraction rules that 
are used to automatically identify and extract information as part of a natural language 
processing activity. ML on the other hand utilizes algorithms to train on annotated 
text and automatically generate extraction rules2. IE applications in specialized infor-
mation domains such as financial, business, medical or biology are hugely reliant on 
this domain knowledge to define the conceptually complex information sought3.  
Central to any KE successful design is the process used to formally represent that 
knowledge and its decomposition into manageable sub-processes.  

Any DSR originating methodology applied to this environment must therefore take 
account of and allow for knowledge intensive processes involving domain expert 
practitioners at all levels of the research methodology. Knowledge intensive processes 
have however challenging information requirements. They require knowledge and 
expertise in its application. Markus et al. [12] researched design problems providing 
IT support to a class of user requirements termed emergent knowledge processes 
(EKP). Product development and strategy-making are organizational EMP examples  
 

                                                           
2  For discussion on general data extraction methods we refer the reader to [13] and for data 

mining techniques related to financial applications to [14]. 
3  For example, in business the concept of ‘market movement’ is more difficult to define and 

identify in text than concepts such as person, location or lesser events. 
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that bring a level of practitioner uncertainty. EKPs’ are characterized by: i) emergent 
processes of deliberations with no best structure or sequence; ii) unpredictable actor 
sets with regard to job role or prior knowledge and; iii) knowledge requirements for 
general and specific distributed expertise [12]. Problem solving within Design Sci-
ence has been classified as mutual nesting of knowledge problems and practical prob-
lems [5]. Design questions can contain knowledge questions which can in turn be 
decomposed into known practical sub-problems solvable with existing methodologies. 
Knowledge questions are answerable from the knowledge base or with further re-
search such as conceptual analysis, empirical research using experiments, case studies 
or modelling. Practical problems are solved by matching problems and solution as 
part of a regulative cycle [5].  

Characteristics of NLP are only partly shared with EKPs. The customizable ability 
of knowledge engineering based NLP ensures that a best structure, typically minimal-
ly represented by a semi-formal model, emerges. Both the practitioner and required 
knowledge must be identified during design for a rule set to emerge. The last charac-
teristic of dependency on both general and specific environmental knowledge is 
shared with EKP. For specialized domain applications knowledge can be derived 
from that generally available in the knowledge base in the first instance (e.g. in 
finance: standards, best practices and regulatory rules) and practitioner heuristic 
knowledge processes (e.g. operational know how, experience). DSR application to the 
area of customizable NLP is therefore suitable as its frameworks support IS artifact 
design and development through its nested problem solving capability, allowing the 
reduction of knowledge problems into manageable practical problems. Understanding 
the evolving artifact state throughout the design process and the accommodation of 
practitioner and researcher engagement as part of that process, is key to ensuring that 
resulting artifact deliverables reflect stakeholder need. Accommodating this engage-
ment, as will be discussed, proved to be critical for research success. Similarly, prin-
cipled uses of DSR has seen its application to developing modeling techniques for 
service design [15] and both direct and indirect effects of environmental sustainability 
on artifact design [16]. 

3 Design Science Application to Natural Language Processing 

The methodology used adheres to the design-orientated information systems research 
process guidelines and principles from [4], and design-science research guidelines 
from [1]. The overall methodology applied in our use case follows the four basic 
process phases of analysis, design, evaluation and diffusion [4]. Principles outlined in 
Table 1, consider each DSR principle from an NLP knowledge intensive view point. 
The considerations are reflected in the research framework (cf. Section 3.1), and ab-
stracted in the research methodology (cf. Section 3.2). Detail discussion is left to the 
case study in Section 4. 
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Table 1. Aligning DSR guidelines to Information Extraction 

Guideline Description Consideration for IE 
Design as an 
artifact 

DSR must produce a viable 
artifact in the form of a con-
struct, model method or instan-
tiation 

We designed a number of artifacts that 
contribute towards a main construct that 
supports a business analyst: an ontology to 
specify the information requirement; a 
linguistic analytics pipeline that provides 
that information and; a qualitative DSS, that 
combines these artifacts, supporting an 
analyst find and retrieve information   

Problem 
Relevance 

Objective of DSR is to develop 
technology based solutions to 
important and relevant business 
problems 

Established by business stakeholders. In 
general consideration of any enhancement 
in the provision of contextualized informa-
tion has business utility and value 

Design Eval-
uation 

Utility, quality and efficacy of a 
design artifact must be rigor-
ously demonstrated with well 
executed evaluation methods 

Artifact was implemented and evaluated as 
part of an industrial use case and demon-
strator, using domain experts 

Research 
Contribution 

Effective DSR must provide 
clear and verifiable contributions 
in the areas of the design artifact, 
design foundations and/or design 
methodologies 

The research contribution is centered on the 
design artifacts that concentrate on the 
ability to specify information sought and its 
provision to the relevant audience 

Research 
Rigor 

DSR relies on the application of 
rigorous methods in both the 
construction and evaluation of 
design artifacts 

For both design and evaluation methods we 
utilised methods from computer science, 
information retrieval and information 
science to deliver research rigor 

Design as a 
search proc-
ess 

Search for an effective artifact 
requires utilising available 
means to reach desired ends 
while satisfying laws in the 
problem environment 

Each stage of the design process was per-
formed iteratively and in collaboration with 
the business stakeholders. Stakeholder 
engagement ensured that environmental 
needs and rules are satisfied, and that a rich 
knowledge base was also available 

Communica-
tion of re-
search 

DSR must be presented effec-
tively both to technology-
orientated as well as manage-
ment-orientated audiences 

Our research, multidisciplinary in nature, 
required both business and technical 
knowledge. Dissemination activities have 
targeted the management-orientated Busi-
ness Intelligence and  technology-orientated 
semantic applications audiences 

3.1 Research Framework 

As illustrated in Figure 1, the IS framework employed is based on Henvers [2] origi-
nal three cycle view of DSR and recent model modification to cater for its application 
to business value assessment for Enterprise Architectures [3]. The Environment con-
sists of the company’s application domain, organizational strategy, processes and 
technology and applicable stakeholders. The environment informs on relevant busi-
ness problems, need and application context, allowing artifact requirement definition. 
Acceptance criteria is also included as part of the relevance cycle to ensure on-going 
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artifact alignment with business need and research design goals. Artifact design was 
explored using the companies Knowledge Base for exploitable frameworks or tech-
nology offerings. Where recommendations were not forth coming, the academic 
knowledge base was also interrogated for foundational technologies such as linguistic 
analysis [10, 14, 17] and complementary methodologies from information systems to 
assist with knowledge representation (i.e. ontology development [18, 19]) then can be 
adopted as necessary. IS Research leverages design-orientated information systems 
research process guidelines and principles [4] specifically to assist with artifact identi-
fication and evolution. The research guidelines are expanded with a research metho-
dology (cf. Section 3.2) adapted to enhance practitioner and researcher engagement 
and meet their different artifact expectations. Artifact design rigor was enhanced us-
ing the principles of [3, 4], namely:  abstraction, ensuring that artifacts solved a class 
of problems; originality, catering for artifact contribution to both knowledge bases; 
validation, artifacts must be justified and; benefit, artifacts must deliver business val-
ue to stakeholders. 

 

Fig. 1. DSR Framework adapted from [2, 3] 

3.2 Research Methodology 

The IS Research process used focused on the four process phases of evaluation, de-
sign, evaluation and diffusion [4]. Each phase is broken down into sub-stages (as 
indicated by the process boxes) that prompt design questions and decomposition of 
knowledge problems into practical problems [5]. Each process box has associated 
artefact output represented by document boxes. Practitioner interest artefacts are listed 
under processes boxes as the left most document box and researcher as the right. Dis-
cussion on artifact evolution and the engagement necessary between stakeholders to 
achieve these documents as part of the design process is presented in Section 4. 
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Fig. 2. Research Methodology including deliverables adapted from [3] 

4 Case Study: DSR Application to Business Informatics 

Our use case involved the validation and evaluation of our approach (defined in Sec-
tion 3.2) as part of a collaborative academic-industrial informatics research project. 
Practitioners were driven by the development of a qualitative decision support system 
to support business analysts perform a competitive analysis, while researchers had as 
goal, novel knowledge base artifact contribution (e.g. domain specific term lists, con-
cept maps, ontologies), driven by a series of research questions, evaluated against a 
working hypothesis. The application of each research process phase to enhance stake-
holder engagement and progress the use case is next discussed. 

Analysis. The analysis phase established the business relevance, performed initial 
problem investigation and proposed a possible solution. The analysis was divided into 
three steps (cf. Figure 2). The first step concentrated on establishing the business 
need. Using the business motivation (Section 1.1) as background, a series of practi-
tioner consultative interview sessions were undertaken with their business analyst 
team. The interviews investigated current knowledge base usage by practitioners rein-
forced with demonstrations to clearly define the environmental business problem. For 
practitioners this provided an initial frame of reference for the type of design artifact 
required and for researchers a context and level of transparency for the type of design 
innovation expected. Early engagement with stakeholders ensured that each had an 
understanding of the others interest areas and expectations from the project outset. 
Defining a class of environmental business problems was used to progress problem 
investigation. Generalized recommendations regarding the development of new or 
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customizations of existing IE/NLP systems [13] were first considered. Table 2 lists 
for each problem class design question summaries that outline influences on potential 
artifact design. An accompanying priority rating indicates the importance of address-
ing the problem class to the practitioner. 

Table 2. Problem classes general to IE 

Problem Class Design Question Summary Priority 
Adequate specifi-
cation of IE re-
quirement 

Is IE/NLP a suitable approach for the information task? Does 
the implementation cost outweigh expected results and does 
the enterprise have in-house technical competency? Would 
system predictability be better than random or might informa-
tion retrieval results prove comparable or better? What is the 
resource overhead associated with rule maintenance, lexical 
resources and preparation of training data? 

High 

Availability of 
Knowledge re-
sources 

Is there availability of sufficient quantity and quality training 
data? If not, what is the cost of training data creation, accessi-
bility to domain experts and availability of knowledge engi-
neers for activities such as rule construction? Are there lin-
guistic resources (e.g. dictionaries, taxonomies, ontologies or 
business specifications) that can be exploited? 

High 

Dealing with 
multiple text 
types: 

What are the relevant source formats and text types that have 
to be gathered, processed and indexed? Will new domain 
information, language identification features, text genres and 
multilingual capability be required? 

High for 
English 

Adaptivity / 
reusability: 

Will any created dictionaries, term lists or training data be 
adaptable to different business tasks? 

Medium 

Scalability What type of processing response is required: Real time, off-
line processing, or parallel? 

Low 

 
The generalized problem classes were found to be at too high a level to assist prac-

titioners with emergent requirements or researchers with research scope and required 
further decomposed into specialized problem classes. Using the problem description 
and information gathered from the academic knowledge base, the financial IE prob-
lem class set (Table 3) complete with major design activities areas were defined. In-
fluenced by the problem description, the sub-domain problem classes allow findings 
summary generation for the practitioner and based on knowledge base investigation, a 
research scope based on an initial set of working assumptions. Defining the problem 
class set ensured close engagement and problem understanding between stakeholders. 

Step 3 saw the solution proposal presented to stakeholders for review. Conditional 
approval from multiple practioner roles was required, namely: management for access 
to domain expertise and environmental knowledge base, business for access to rele-
vant sources, and technologists for assessment of solution offerings and technology fit 
within the application environment to business need. For researchers, identifying gaps 
in the knowledge base when considering solution design provided insight as to where 
innovative design could be applied, novelty contributed and a working hypothesis 
established. Using problem investigation and solution proposal to reconcile stake-
holder understanding and achieve broad consensus on solution and research direction 
was instrumental in both establishing and consolidating stakeholder engagement. 
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Table 3. Problem classes specific to financial IE 

Problem 
Class 

Design Question Solution / IT Artifact 

Extraction 
task  
supported 

What is the financial/business sub-
domain activity that the information 
extracted will directly support? 

Competitive analysis with the 
Analyst Work Bench 

Text type What filing type to support text extraction 
from? 

Construct to support extraction 
from XBRL / XML filings 

Solution  
approach 

Use the knowledge engineering or ma-
chine learning approach for extraction? 

Construct Linguistic analytics 
pipeline using KE approach 

Language  
model 

Use a conceptual model to define domain 
linguistic and drive actual extraction? 

Competitive Analysis Ontology 

Lexical  
resource  
engineering 

Development or use of existing domain 
lexical resources to support the solution 
approach? 

Domain knowledge extraction 
as: i) process and ii) model 

Design. The design phase defines objectives, requirements and artifact design steps 
motivated by the business need. Clear and attainable objectives that aligned with arti-
fact delivery from the problem statements (Table 3) and that also represents our re-
search problem analysis are presented in Table 4. Although the artifact objectives are 
practitioner biased, the artifacts themselves evolved with researcher engagement 
through assessing their suitability to answer research questions and contribute to hy-
pothesis evaluation at the evaluation stage. Based on the artifact objectives and agreed 
solution proposal (from the analysis phase), a detailed functional specification was 
produced along with an opportunity for researchers to re-visit their working hypothe-
sis and define research questions that enable hypothesis validation. Stakeholder en-
gagement during requirements definition allowed practitioners to introduce new or 
modify existing artifact functional specification and researchers an opportunity to 
validate whether developed artifacts would be apt to answer research questions. 

Table 4. Design Solution Artifact Objectives 

Artifact Objectives 
Competitive analysis with the 
Analyst Work Bench 

Application that assists an analyst find relevant infor-
mation as part of competitive analysis task performance 

Construct to support extraction 
from XBRL4 / XML filings 

Improve ability to deal with regulatory reporting for-
matting standards 

Construct Linguistic analytics 
pipeline using KE approach 

Improve identification and extraction of relevant infor-
mation through semantic mark up of business filings 

Domain knowledge extraction 
as: i) process and ii) model 

Capture tacit knowledge relating to competitive analysis 
task performance, information provision and informa-
tion associations 

Competitive Analysis  
Ontology 

Formally represent knowledge requirement relating to 
competitive analysis task performance 

                                                           
4  eXtensible Business Reporting Language, a global standard for expressing the semantic 

meaning of information in business reports and its exchange, refer to  
http:/www.xbrl.org/. 
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Design knowledge frameworks that capture design knowledge across a multi-stage 
process that progresses individual design knowledge (implicit), to explicit design knowl-
edge and finally computational design knowledge, have been proposed for ubiquitous 
information systems development projects [20]. The design process culminates with 
design knowledge representation as a knowledge object. The development process is 
perceived as a knowledge transformation system that does not distinguish between prod-
uct and information. Generally suitable for our purposes we further define steps to take 
account of our knowledge intensive requirements for specialised application of NLP to 
financial IE. Knowledge problems identified from artifact objectives and requirements, 
relating to knowledge capture and conceptualization, triggered decomposition into prac-
tical sub-problems and existing methodologies were then applied to resolve them [5]. 
Table 5 shows the problem decomposition necessary for knowledge capture through to 
conceptualization and ontology generation based on the DOGMA5 ontology develop-
ment methodology [19]. Knowledge problems are first aligned with stages of DOGMA’s 
domain conceptualization. Methods employed to decompose the problem into a practical 
problem are given and the resulting artifacts listed. For example knowledge elicitation 
and breakdown used contextual enquiry to perform discourse analysis and generate dis-
course term lists, concept maps6 and their organization into statements of propositions. A 
similar activity that proposes the translation of process narratives (description of usage 
situations in natural language) into diagrammatic conceptual models termed pre-artifacts 
is found in Maass and Janzens’ knowledge framework [20]. 

Table 5. Knowledge problems aligned with Ontology Modeling Methodology based on [19] 

Knowledge Problem Method Generated Artifact
Knowledge elicitation Contextual enquiry  

Discourse analysis 
Discourse term list 
Concept maps 
Concept proposition templates 
Semantic Paths 
Verbalized elementary sentences 

Knowledge breakdown 

Verbalized elementary 
sentences 

Concept proposition 
templates 
Semantic Paths  
Lexon Engineering  

Extraction rules 
Ontology concept primitives  
Competitive Analysis Ontology Knowledge negotiation 

Knowledge discovery 

 
Using problem decomposition as the vehicle for design knowledge transformation 

introduced progressive artifact state change that had a direct bearing on stakeholder 
engagement and expectation management. Practitioner interest concentrated on pro-
gression towards final artifact design. Researchers on the other hand sought to assess: 

i) Alignment of individual artifacts to inform on individual research questions 
ii) Whether there were any usage or setup issues that may impact experimental 

validation performance and 
iii) Fitness-for-purpose of the final artifact as an experimental platform to validate 

hypothesis against 

                                                           
5  Developing Ontology Grounded Methods and Applications 
6  Semi-formal design knowledge based on a graph model with binary relationships between 

node (concept) types 
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Problem decomposition demanded selection of appropriate methodologies to ad-
dress emergent practical problems. An observation regarding formal conceptual mod-
els was the lack of reliance on their use as a design tool for IS designers [20] but use 
instead as computational design knowledge. Our engagement model found this to be 
the case with the additional observation that semi-formal models (e.g. concept map-
pings) attracted greater interaction and usage from practitioners and formal models 
(e.g. ontology representation) attracted interest from researchers. Having respective 
stakeholders aware of artefact state but only taking ownership for those that matched 
their end goals, ensured that artefact design and development met expectations. 

Evaluation. Having established design artifacts of interest during the design phase, 
stakeholders next progressed to perform instantiation and preliminary assessment of 
those artifacts relating to analysis goals, problem categories and design objectives. 
Specifically for researchers artifacts generated from addressing practical knowledge 
problems (Table 5) allowed research question evaluation. With feedback incorpo-
rated, the research process moved to the rigor phase and performing comprehensive 
evaluation of the main artifact based on design objectives and goals. Earlier stake-
holder design phase discussions identified a number of areas where experimental 
design, setup and execution required further close engagement, owing to:  

i) Artifact contribution validation through competitive analysis task information 
provision and effect on the qualitative aspects of task performance 

ii) Knowledge complexity associated with verifying objectives and goals, de-
manded that evaluation take place within an organizational context and be per-
formed using domain experts 

iii) The alignments of design phase case study document descriptions with objec-
tives, identifying that performance and usability evaluations were required 

Criteria adopted for verifying artifact performance and usability are outlined in Table 
6. The academic knowledge base provided the performance methods from information 
retrieval and usability measures from information science. Performance delivers a quan-
titative set of results and usability a qualitative set. Worthy of mention is that evaluation 
criteria for knowledge depends more on its truth value with respect to the subject do-
main of the knowledge rather than stakeholder goals [5], reinforcing the need for do-
main expert assessors. Post evaluation there is opportunity to re-visit the artifact analysis 
with corrections or modification to the original solution approach and design. 

Table 6. Evaluation Criteria 

Criteria Performance Usability 
Artifact usable as basis 
for experiment 

AWB QDSS, as a provider 
of relevant information 

AWB, as an interactive QDSS 

Criteria representing 
system objectives 

Relevance of information 
provided 

Usefulness/usability of information 
provided and DSS environment 

Measuring instrument Relevance judgment ex-
presses as a binary weighting

Success determination using Likert 
scale 

Measures Precision, recall Weighted average 
Methodology for 
measurement, evaluat-
ing performance 

Based on the competitive 
analysis task 

Questionnaire survey of participant 
usage of artefact 
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Diffusion. Managing artifact state change increased the frequency of artifact availa-
bility and opportunity for dissemination exploitation across the broader research 
process rather than post phase completion. For researchers this represented business 
information system [23] and domain technology-orientated [24] publication audiences 
[1]. Practitioners on the other hand looked to use case demonstrator instantiation with-
in their environment. 

5 Lessons Learned 

Based on the application of our research methodology to a collaborative research 
informatics project we have identified the following four lessons that can be applied 
by practitioners and researchers in other projects. We believe these lessons are equally 
applicable within general knowledge engineering dependent business analytics activi-
ties and collaborative research projects. 

i) Align Business and Research Objectives 
A key requirement is to align the business problem with researcher design objectives. 
Alignment success was attributed to researcher grounding in the practioner problem, 
early establishment of environmental problem classes and their use to direct know-
ledge base searches.  Knowledge base searches were instrumental in identifying re-
search novelty, solution design and project scope. Adhering to this approach we were 
able to identify solution novelty relative to stakeholder design objectives and goals, 
establish research questions and hypothesis and align project direction with stake-
holder research interests from the outset. 

ii) Manage Stakeholder Design Expectation 
It is important that competing stakeholder deliverable expectations be actively ma-
naged. While systemic use of knowledge problem decomposition is a useful tool to 
progress research design artifacts it is understanding of the changing state of emergent 
artifacts to expedite shareholder exploitation that is the more significant challenge. 
Combining both is mandatory for stakeholder design expectation management. 
Process problem decomposition incrementally drives delivery of solution component 
artifacts but state change allows researchers recognize those suitable for research 
question answering and practioners, the opportunity for milestones assessment toward 
solution delivery. Within the project, problem class definition drove design require-
ments which in turn aided knowledge problem identified and addressing knowledge 
problems accommodated the introduction of researcher design objectives. Subsequent 
stakeholder agreement and management of the design artifact delivery ensured expec-
tation was met.   

iii) Early Consideration of Rigor  
Contemplation of rigor should not be restricted to an obvious evaluation phase only. 
Any stage of the research process that advocates some solution or design activity 
should routinely be considered in terms of influence on, or suitability for, stakeholder 
success determination. Planned dual use of component artifacts delivers the environ-
mental conditions for research question appraisal. Overall success determination is 
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more complex, requiring the assembly of rigor criteria that is cognisant of environ-
mental business objectives and research goals. Criteria shapes respective stakeholder 
evaluation and use of the practioner DSS artifact as the experimental platform caters 
for hypothesis evaluation.  Adhering to this scheme ensured that the research process 
was successful in delivering the expected outcomes of both stakeholders. 

iv) Stakeholder Engagement 
Resolute stakeholder engagement from project inception is a prerequisite for project 
success. Close collaboration between practioners and researchers along the entire 
research process can be used to reconcile deliverable and therefore stakeholder expec-
tation, provided that the business problem is clearly established and understood  
and business objectives are aligned with research goals. In particular stakeholder im-
mersion in the design phase stages is an excellent opportunity for deliverable recon-
ciliation. Active engagement was singularly the largest contributory factor to overall 
project planning and success through its formation of project technical direction and 
deliverable generation, based on solution design and knowledge base gaps. 

6 Conclusions 

This article describes methodology enhancements made to a practical DSR application 
[3] framework to actively support the level of practitioner and research engagement 
necessary to accommodate differing artifact expectations that arise in collaborative re-
search projects. Steps used in the overall design research methodology are discussed 
using a collaborative industrial-academic research project. The project focuses on know-
ledge translation and modeling intensive design activities that accompany natural  
language processing introduction and deployment. While further verification of the 
framework design and evaluation stages is necessary, we believe that the framework as 
construed, accompanying discussion on application and lessons learned can be applied 
to other projects seeking to enhance delivery of meaningful research output to industry 
and attracting academics to participate in industrial led projects. 
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