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Abstract 
 
Eberhagen, Niclas (2011). Understanding the Designing of Knowledge Work 
Support Tools as a Situated Practice, Linnaeus University Dissertations No 
70/2011. ISBN: 978-91-86983-15-4. Written in English. 

 
The aim of the thesis is twofold. First, a need is exposed for adopting a 
situated design perspective in designing computer-based tools that support 
knowledge work. Second, an examination is made of what this perspective 
may reveal concerning the nature of processes and relations within the design 
situation. This is done to understand better what it means for users and 
developers, as well as other stakeholders, to approach and capture the tacit 
knowing within the work context. 

The argument for adopting a situated design perspective is based on 
experience drawn from development projects, as well as literature reviews. In 
these projects, the design situations encountered are best characterized as 
explorative and iteratively interpreted. Here, approaching and understanding 
the work context, together with the users, has at best been a pursuit of the 
vision of the future system guided by local circumstances, and where the users 
had difficulties in expressing and understanding what it is they want and how 
they want it. This implies that formal engineering methods, where the 
development work is reduced to an engineering endeavor based on a 
rationalistic perspective, are not sufficient. 

The situated design perspective is presented in this thesis as a conceptual 
model of the design practice, highlighting its constituent worlds, processes, 
and relations. The model depicts designing as an explorative and sense-
making process, navigating between what is wanted or envisioned and what 
may be negotiated and discovered. It emphasizes the importance of the artifact 
being designed as a means to capture, communicate, and discover what is 
possible in the work context. The model makes clear that the design process is 
highly situated, and that it cannot take place outside the work context because 
of interdependent relationships. It is designing within the living work context, 
not design for an objectified one. Thus, it cannot be planned as a pure 
engineering endeavor, but needs to be viewed as a situated practice. 

 

Keywords: conceptual model, participatory design approach, design science, 
explorative and iterative design, knowledge transitions 
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PROLOGUE 

“A story is told of an island somewhere and its inhabitants. The people 
longed to move to another land where they could have a healthier and 
better life. The problem was that the practical arts of swimming and 
sailing had never been developed – or may have been lost long before. For 
that reason, there were some people who simply refused to think of 
alternatives to life on the island, whereas others intended to seek a 
solution to their problems locally, without any thought of crossing the 
waters. From time to time, some islanders reinvented the arts of 
swimming and sailing. Also from time to time a student would come up 
to them, and the following exchange would take place: 
 
‘I want to swim to another land.’ 
‘For that you have to learn how to swim. Are you ready to learn?’ 
‘Yes, but I want to take with me my ton of cabbages.’ 
‘What cabbages?’ 
‘The food I'll need on the other side or wherever it is.’ 
‘But what if there's food on the other side?’ 
‘I don't know what you mean. I’m not sure. I have to bring my cabbages 
with me.’ 
‘But you won't be able to swim with a ton of cabbages. It's too much 
weight.’ 
‘Then I can't learn how to swim. You call my cabbages weight. I call them 
my basic food.’ 
‘Suppose this were an allegory and, instead of talking about cabbages we 
talked about fixed ideas, presuppositions, or certainties?’ 
‘Humm . . . I'm going to bring my cabbages to someone who understands 
my needs.’” 
 
(Maturana & Varela, 1992, pp. 249-250, adapted from Shah, 1964, 
pp. 1-10) 
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1. INTRODUCTION 

My years as an undergraduate student in the early nineties, in studying to 
become a proficient system developer, armed me with an attitude of such 
development work as a rational and unproblematic process, an engineering 
approach to such work. Were we only to get the clients to specify their 
demands and needs explicitly, then we could wave the magic wand of formal 
methods and, presto, the system would deliver itself. 

My attitude, then, towards the reality and my beliefs in “sound” methods 
was much in line with the following quote from the normative decision 
theorist David Lindley (1985). 

“We shall not study how decisions are made today in modern society. We 
suspect they are made badly: but this is not our concern except insofar as 
we hope to improve the situation ...” (Lindley 1985, p. 3) 

 
However, as I have come to practice my craft over the years, I have realized 

that nothing in my schooling could have prepared me for what really took 
place in the “wild”. In my experience as a developer, I have come to view the 
process of crafting a system supporting the needs of its future users as a wicked 
problem-solving full of incomplete, contradictory, and changing requirements 
that are often difficult to recognize. Very much like what Conklin (2005) says, 
a process in which the problem is not fully understood until after the 
formulation of a solution, having no stopping rule, being neither right nor 
wrong, in essence novel and unique, a “one shot operation”, and without given 
alternatives. 

Development work may be seen as that which Simon (1996) terms as 
“problem solving without a goal”. 

“To discover gold, one does not even have to be looking for it (although 
frequently one is), and if silver or copper shows up instead of gold, that 
outcome will usually be welcome too.” (Simon, 1996, p. 106) 

 
According to Simon (1996), making discoveries belongs to a class of ill-

structured problem-solving tasks that have relatively ill-defined final goals, 
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even non-existent. To Simon the real test whether something new has been 
discovered is whether the outcome could not have been predicted in advance 
with certainty, and that the outcome has some value and is of some interest. 

How can we design without having any final goals? One can only agree 
with Simon (1996) when he says that if we cling to a principal of rationality in 
the development process, then we must have goals that we strive to fulfill. For 
how else can we evaluate our efforts without well-defined criteria to judge 
them against, and how can we hope to find any guidance in the development 
process without goals to direct our efforts. However, as Simon points out, 
exposure to new experience is almost certain to change criteria of choice, to 
acquire new tastes in wine one has only to sample more varieties of wine. 

I find the following quote of Simon (1996) quite illuminating in 
encapsulating my view of the development process. 

“Making complex designs that are implemented over a long period of time 
and continually modified in the course of implementation has much in 
common with painting in oil. In oil painting every new spot of pigment 
laid on the canvas creates some kind of pattern that provides a continuing 
source of new ideas to the painter. The painting process is a process of 
cyclical interaction between the painter and canvas in which current goals 
lead to new applications of paint, while the gradually changing pattern 
suggests new goals.” Simon (1996, p. 163) 

 
I have also come to sympathize more with the picture of development or 

design work that Stolterman (1991b) shows us. Here, Stolterman criticizes 
design methods of being based on an idealized way of the rationality of design 
work instead of on how designers actually work and perceive themselves. 
Instead of seeing reason as the dominant form of knowledge in development 
methods, i.e. reducing design to problem solving and fixing a malfunctioning 
reality, he advocates that it should be seen as a way to design a new reality. 

“The hidden rationality of the process is not hidden in the design situation 
and not in the designer but appears when they ‘collide’” (Stolterman, 
1991b, p. 139) 

 
Stolterman (1991b) shows us that designers see themselves as both artists 

and engineers, advocating creative freedom while still longing for 
predictability and control. As artists, they should be free in their choice of 
ways of working with materials, and in ways to express themselves, and as 
engineers strive towards a way of working that is determined by their 
preconceptions of the practice of an engineer. 

Methods play a subordinate role in the design situation, the designers 
themselves judge what and when to use in the design work. The ability to 
make such judgments is seen as only possible to gain through experience. 
Being able to create the rationality behind such judgments is seen as the heart 
of the skills of a designer. 
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Design skills are seen as the ability to visualize or to see the whole, to be 
abstract and not mired in details, and furthermore, paradoxically, to be creative 
and visionary, yet logical and analytical. This apparent paradox may stem from 
the dual image they may have of themselves, as artists or engineers. Design 
skills are seen as obtainable only through experience, not through education or 
by following methods. 

Design work is vision driven in so far that the first ideas of the designer of 
the future system are often affecting the design work, and they are difficult to 
disregard. However, this is reluctantly admitted as it is contrary to what is 
stated clearly by traditional design methods that one should always begin with 
careful analysis of the organization of the work situations, of the information 
flow, etc., before creating any ideas of a solution. 

Stolterman (1991b) concludes that the design process is so complex that 
defining consistent and generic rationality for the design work that would be 
appropriate in every design situation is quite difficult. Instead, “rationality is a 
product of the context, of the design situation and not an abstract chain of logical and 
consistent steps of action” (Stolterman, 1991b, p. 148). 

1.1 What is this thesis about? 
Through my experience of development work, I have come to recognize that 
much of such work may be characterized as it is described in the above 
introduction. Here, I refer to my experience of development work from both 
the Delphi project (the first development project), which will be introduced in 
chapter 4, and the Dynamite project (the second development project, which 
will be introduced and explored in chapter 6 and chapter 7. However, there 
remains one issue that I find is not given appropriate attention. It is the issue 
of how we as developers, together with the users, come to approach and 
understand the practice for which we are designing and developing computer-
based system to support knowledge work, where the users themselves have 
difficulties in expressing and understanding what it is they want and how they 
want it. The situations I have encountered may be best characterized as 
hermeneutic processes, iteratively interpreted, akin to the image portrayed of 
oil painting in the quote of Simon (1996) given above. The formal engineering 
methods I have been trained in have not prepared me for this and neither has 
methodological support found elsewhere provided much enlightenment. 

The development projects I have been involved in have all aimed to 
develop computer-based tools to support knowledge work, fully or in part. 
Here, approaching and understanding these work contexts in the design 
process has at best been a form of Trukese navigation (Suchman, 1987, p. vii), 
i.e. where efforts in pursuing the vision of the future system (or objective) are 
guided by local circumstances, which could not simply be reduced to an 
engineering endeavor in a rationalistic tradition (Winograd & Flores, 1987). 
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That the design process became shaped in this manner may be due to the 
nature and characteristics of knowledge work, which will be discussed in 
chapter 5. 

1.2 Objective of the thesis 
Within this thesis, I will present and argue for a perspective on the design of 
computer-based tools supporting knowledge work as a situated design 
practice, as opposed to more traditional engineering approaches. From such a 
perspective we recognize that characteristics of knowledge work have a bearing 
on how we developers, together with the users, come to approach and capture 
the rich and tacit knowing of the practice, or part of it. 

There are two aims of this thesis work: 
1. Expose a need for adopting a situated design perspective in designing 

computer-based systems or tools supporting knowledge work to 
understand better what it means, for both end-users and developers, to 
approach and capture the tacit knowing within a knowledge work context. 

2. Examine more closely what adopting a situated design perspective may 
mean, or reveal, to us concerning the mechanisms and workings involved, 
i.e. processes and relations, within the design situation, and what the 
nature of these may be, when approaching and capturing the tacit knowing 
of the practice in developing computer-based support tools or systems. 
This is done in order to strengthen further the motivation for adopting a 
perspective that emphasizes the role situatedness and tacit knowing play in 
designing within a knowledge work context. 

1.3 Scope and limitations 
The first aim, I fulfill by drawing on experience and insights gained from a 
development project of a computer-based support tool for security analysis 
work, and by being guided by my theoretical understanding of knowledge 
work practice and system development. The second aim I fulfill by examining 
design episodes from a second development project of a computer-based 
support tool for dynamic and cost-effective maintenance decisions work, as 
well as being guided and motivated by the first aim. 

The situated design perspective I am advocating on the design of 
computer-based knowledge work support systems (or tools) is limited to the 
experience and insights drawn from both the first and the second development 
project. Drawing any definitive general conclusions beyond what these two 
development projects may yield, I believe, is neither feasible nor possible. 
However, this does not diminish the value of the resulting design perspective. 
These two projects should not be regarded as single case anomalies with 
unique product and user characteristics. Instead, I argue that they contain 
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many matters and characteristics that are transferable to other cases of 
development for similar types of processes. Here, a situated design perspective 
serves in revealing to us what it takes to embark upon development endeavors 
of computer-based systems that aim to support knowledge work processes, 
and what is needed to take into consideration in approaching and 
understanding the knowledge work practice. Thereby, it reminds us to be 
humble and not overly reliant upon approaches that strive to reduce such 
development work into a straightforward software engineering effort. 

In exploring the development cases, I take no consideration to external 
stakeholders or issues of power. Naturally, these do exist and constitute some 
form of influential force, both on and in the development process. However, 
this is a conscious limitation at this point in the research as including them, or 
considering them, would make the design perspective far more complex and 
would rapidly diminish, I fear, its clarity and pedagogical value. Therefore, the 
design perspective focuses only upon internal agents of the specific design 
situations. In future research, this limitation should be a natural point of 
inclusion. 

1.4 Definitions 
In this section, I will first make some clarifications concerning troublesome 
terms, at least they are to me, of how I perceive and use them. These are the 
terms system design (or just design) vis-à-vis system development (or just 
development). Then, I will also shortly define two terms or concepts that are 
frequently used throughout the thesis, situated (or situatedness) and knowledge 
work tools (or tools supporting knowledge work). 

The term design is indeed troublesome, as it is used both as a verb and as 
noun. As a verb, it denotes a process of bringing about something into 
existence, or if I may be a bit more prosaic using the words of Wenger (1998, 
p. 228): “a systematic, planned, and reflexive colonization of time and space in the 
service of an undertaking”. Wenger’s perspective includes not only the 
production of artifacts, but also the design of social processes such as 
organizations or instructions. As a noun, it seems to be concerned with, or 
target, the outcome of the former process, the artifact, the form of the artifact, 
and its function. Sometimes I even get the impression that we are only talking 
about the user interface of the artifact or system when we talk about its design. 
Therefore, when we say system design, it may not be obvious to which 
meaning we are referring. Care need to be taken least we open a wellspring of 
confusions. Here, Hevner, March, Park, and Ram (2004, p. 78), drawing on 
Walls, Widmeyer, and El Sawy (1992), provide us with some illumination by 
stating that: “Design is both a process (set of activities) and a product (artifact) – a 
verb and a noun… It describes the world as acted upon (processes) and the world as 
sensed (artifacts). …a problem solving paradigm that continuously shifts perspective 
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between design processes and designed artifacts for the same complex problem”. I 
agree with this view of the term design, but I would like to introduce the term 
designing whenever I feel it is more appropriate to emphasize the process of 
design as to distinguish it more specifically from the outcome of the same, i.e. 
that which is designed. 

How, then, does the term design relate to the term development? In the 
general literature on software or system development one may well come 
across instances where these terms are used either as concepts, denoting 
different aspects or activities, or interchangeably without much further ado. 
Runardotter (2009), for example, uses the terms system design and system 
development interchangeable, although, she confesses, she prefers the term 
design as it in her interpretation includes both creative and aesthetic aspects. 
This interchangeability, she claims, leaning on Bratteteig (2004) concerning 
the tradition of system development in Scandinavia, is due to that design of 
information systems refers to both the design of social and computer based 
systems. Design of computer-based systems is in many instances regarded as 
development. One may note that Bratteteig is herself using the term system 
development to describe or understand the relationship between design of the 
system, i.e., relations between ideas and material, and the use of it, i.e. 
relations between work knowledge and work conditions as they appear in the 
practice. 

Let me reflect a little upon these two terms. At first glance the term system 
design seems to pay too much attention on the resulting artifact, its function – 
what it is for, its behavior – what it does, its structure – what it consists of, 
much in line with the view of design representations of Gero (1990). So when 
talking about the design of an artifact, or a system, one could be referring to its 
function, behavior, and structure, where even the process of crafting it may be 
subject to a design. In addition, system design, concerning computer-based 
systems, sounds too much like one of those phases one may encounter in a 
system development lifecycle, e.g. analysis-design-implementation-“and-so-
forth”. As a practicing professional for many years, I am still not quite sure 
what it is we are doing at all in the design phase that should set it apart so 
distinctively from any other phase. To me in my experience, the activities or 
phases all seem to blend. The term system development (or just development), 
in this regard, seems to put more focus on the actual planned process of 
bringing the system (or artifact) about, i.e. encompassing all of the activities, 
efforts, strivings, and on-goings that are the ingredients in the realization of a 
system. 

However, I have no specific concerns about using either the term design or 
development to denote the process of bringing something (an artifact) about. 
One may prefer one or the other for reasons of familiarity, convenience, and 
clarity. Nevertheless, I will use the term development to emphasize aspects of a 
planned undertaking, a project, when talking about or relating to the two 
development projects further on in the thesis. In any other instances, I will be 
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using the term designing or design process (or process of design) rather than just 
design, to distinguish it from its more material connotation. 

When it comes to the terms system designer (or designer) vis-à-vis system 
developer (or developer) I am going to make it simple. I do not distinguish 
between them at all. I prefer to use the term system developer (or developer) 
when referring to the agents of activities within the development projects I 
describe further on in the thesis. The only difference I may perceive between 
these two terms is that system designer (or designer) has more of an aesthetic 
and creative ring to it. When I use the term system designer in the text, it is in 
giving reference to the work of others or when discussing in general terms 
agents of specific design situations or activities. 

The term situated is used quite frequently within this thesis. A 
phenomenon that is situated means that it is placed within such contextual 
dimensions as cultural, historical, geographical, and so forth. Such a 
phenomenon cannot be properly understood or interpreted unless one pays 
attention to these dimensions, it is located somewhere (Suchman 2002). 
Situatedness thus denotes the characteristic of a phenomenon being situated. 
Within this thesis when I am talking about being situated, I am doing so in 
relation to the design and development situation, where the context is the local 
work practice. 

The last term or concept I wish to address here is that of knowledge work 
tools, or rather it should be tools supporting knowledge work. To me the 
concept of tools denotes all of those means or artifacts available within the 
work practice, which enables or support satisfactory performance of knowledge 
work, such as the production and reproduction of information (Schultze 
2000), and so forth. The characteristics and nature of knowledge work is given 
proper attention to in chapter 5. However, I am not looking at all types of 
tools within such a practice. Within this thesis I am restricting myself to such 
tools that are computer-based, and hence the focus on the design and 
development of computer-based tools supporting knowledge work. 

1.5 Layout of the thesis 
The layout of the rest of the thesis is as follows. 

In chapter 2, I present and give an account of a wide theoretical area 
concerning system development and design that all have in common that they 
serve to either position myself, or to be used referentially or directly in the 
laying of my conceptual model. This is done to show where I come from, 
traditions of more rationalistic managerial approaches, and to point upon 
where I am heading, where I want to contribute, participatory oriented and 
situated approaches. 

In chapter 3, I present the foundation of my research approach, frame of 
references for research production. I start by describing my research process, 
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the road I walked that led me to my findings. Then I present the research 
approaches or traditions, such as participatory design, design science, and 
action research, as well as their cross-fertilizations, which have influenced and 
guided me during both the research and thesis work. 

Chapter 4 serves two purposes. First, it is used to present the first 
development project that got me started in my research work, and which gave 
me the experience and insights used for laying the initial model. Second, it is 
used to present the initial model of situated designing. 

In chapter 5, I explore the knowledge work practice, where I draw my 
attention to the nature of knowledge work and what concerns for designing it 
holds. This is done in order to point upon the necessity to recognize that as we 
are designing artifacts supporting such work there are inherent properties we 
cannot overlook but must consider and respect, and which shape the nature of 
our designing endeavors. 

In chapter 6, I present the second development project, first formally and 
then in a more detailed timeline, giving account to different events during 
project lifetime. This is done in order to provide necessary background to the 
elaboration and exploration of the conceptual model in the next chapter. 

In chapter 7, I continue with further elaborations upon the model, giving it 
a conceptual language by which we are able to name and distinguish 
phenomena in a situated design situation. I also explore three episodes of 
situated designing that occurred in the second development project to show 
the descriptive power of the conceptual model, and in some respect evaluate it. 

In chapter 8, I discuss and reflect upon several areas concerning my 
research and findings. First, I discuss the research findings in themselves. 
Second, I discuss the theoretical relations of my research and its contributions, 
which is also a positioning of my research. Third, I discuss the nature of the 
validity of my findings. Fourth, I reflect upon my research process in itself, to 
discuss its recoverability, and to reflect upon how the research approaches that 
have influenced me relate to my conceptual model of situated design. Fifth, I 
discuss how my research findings can contribute to practice. 

Finally, in chapter 9, I conclude my thesis work. Here I present my 
findings as concluding points. I also turn my attention upon future issues that 
I feel need more attention and investigation. These are further evaluation of 
my conceptual model beyond what has been achieved in the thesis, how to 
achieve professional adoption of my research findings, i.e. in what manner it 
may be possible to reach out to practitioners, and other compelling venues 
remaining to explore in relation to my conceptual model. 
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2. THE PRACTICE OF SYSTEM 
DEVELOPMENT 

This chapter serves three purposes. First, it introduces my view and 
understanding of what system development is. Second, it serves to position 
myself within the broad landscape of approaches to and perspectives of system 
design and development, to show where I have come from and where I am 
today as represented through my thesis work. Third, it serves to present 
theories and scholarly work which I will draw upon and relate myself to 
throughout the thesis. In chapter 2.5, I will summarize the three purposes. 

2.1 What is system development about? 
Hirschheim, Klein, and Lyytinen (1995, p. xi) define system development, 
specifically information systems, as “the application of information 
technologies (computers and telecommunications) to solve and address 
problems in managing and coordinating modern organizations”. To 
Hirschheim et al. the development process is in essence a change process of an 
object system to achieve certain objectives, or as Berente and Lyytinen (2006, 
p. 257) clarify: “designers are addressing issues of the current system and 
identifying and mobilizing resources that will enable change from the current 
socio-technical system to a new one of the future”. Drawing on Orlikowski 
and Iacono (2001), Berente and Lyytinen point out that it is important to 
understand that such systems are dynamic, i.e. “always evolving, under 
revision, and behaving differently in unique contexts” (Berente & Lyytinen, 
2006, p. 257). Thus, by necessity the development process is iterative in order 
to reduce uncertainties and ambiguities related to both the view of the current 
and the future system. 

According to Kroenke (2008), “information systems” refers, in a broad 
sense, to the interaction between people, processes, data, and technology. 
Here, it does not only refer to the information and communication technology 
organizations use, but also to how people interact with the technology 



 

12 

supporting business processes. Thus, the practice of developing such system 
means a mapping of business needs, the way people perform work, and 
information and communication technology in the pursuit making business 
processes more efficient or competitive. 

Bratteteig (2004) states that system development is concerned with the 
process of developing computer-based information systems. Here, the focus of 
the development is on the computer technology in the information system. 
However, in order to construct a working information system the context of 
the computer has to be considered. 

More such definitions may be found in the literature in general, but the 
above suffice to give us a rough idea what it is about, and for me to say that 
such definitions are bit too general, they all seem like those text book 
definitions we, as academicians, teach our undergraduate students during their 
first years of studies. 

One source to turn to for an impressive overview of information systems 
definitions is the work of Alter (2008) in which he addresses the lack of an 
agreed upon definition of information systems, which seems to be a troubling 
obstacles within the information systems discipline. Here, he describes the 
view of information systems as a special case of work systems, as first defined 
in Alter (1999), differentiating it from information technology. 

I much sympathize with the view of Alter (2008), also elaborated in Alter 
(2006), as he sharpens our understanding of what information systems are all 
about by arguing for an information system as a special type of work system. 
According to Alter, a work system is a system in which humans and machines 
perform work, using resources, including information and communication 
technology, to produce specific products or services for customers. In his view, 
an information system is a work system whose activities are dedicated to 
processing information, i.e. capturing, transmitting, storing, retrieving, 
manipulating, and displaying. 

The reason I sympathize with the notion of information systems of Alter 
(2008) as a work system, is that as I have come to experience them through 
practice, they most often are developed to support aspects of work people are 
engaged in, whether that be decision-making, knowledge work, informational 
work, etc. My view here, is that computer-based information systems are 
systems supporting work that individuals are engaged in, a “tool” view 
perhaps, where the information systems may be seen as one “tool”, whether 
the major one or not within a possible larger repertoire of others, to be used in 
successfully performing work in new, perhaps even radical, or more efficient 
ways. 

Therefore, system development, from my point of view, is the development 
of computer-based artifacts that support work. As such, these artifacts are 
located, situated, in a specific context, a work practice, always developed or 
designed from somewhere, as Suchman (2002) would agree. The process of 
development then takes on an evolutionary approach where the understanding 
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of the context or practice may only be reached through successive 
interventions or introductions of iteratively more refined prototypical version 
of the final solution, thereby gradually capturing more and more details. This 
view is much in line with the work of Suchman, Blomberg, Orr, and Trigg 
(1999) on a work-oriented approach or perspective on the development 
practice, which will be presented later. 

2.2 Development approaches 
There exist today a number of approaches to the development of computer-
based information systems, each one with their respective strengths and 
weaknesses, but also their respective concerns and areas of application. One 
has only to look at such writings as that of Avison and Fitzgerald (2006) 
concerning information systems development methodologies to get a feel of 
the enormous landscape, and quite frankly to feel a bit lost. However, to orient 
ourselves I will look upon two sources for clarification. First, the work of 
Denning and Dargan (1996) that make a brief overview of two prevailing 
approaches that has influenced, at least mine, early attitudes towards system 
development: software engineering and human-centered approaches. Then I 
will look into the work of Iivari and Lyytinen (1998) where they make an 
exposé of system development approaches within the “school” of Scandinavian 
IS development. However, let us first take a quick look at the roots and 
traditions that have since the dawn of computer-based systems been the 
underlying, predominant, and much influential approach to system 
development and design, i.e. the rationalistic tradition. 

2.2.1 Rationalistic tradition 
In their work on “Understanding Computers and Cognition” Winograd and 
Flores (1987) give a rather thorough account of the rationalistic tradition and 
how it has affected us in terms of our view on knowledge of the world and 
how we may enquire it for the “truth”. To approach an understanding of the 
rationalistic orientation they pose a simple question as a starting point: “What 
do you do when faced with some problem whose solution you care about” (Winograd 
& Flores, 1987, p. 14). Following this question, they summarize the 
methodological implications from a rationalistic perspective a sequence of 
three steps (Winograd & Flores, 1987, p. 15): 
1. “Characterize the situation in terms of identifiable objects with well-defined 

properties.” 
2. “Find general rules that apply to situations in terms of objects and properties.” 
3. “Apply the rules logically to the situation of concern, drawing conclusions about 

what should be done.” 
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Winograd and Flores (1987) point out that there is a close correlation 
between the rationalistic tradition and organized science. Here it is assumed 
that the world can be described objectively, thus allowing for optimal and 
rational solutions to problems to be produced. Language used to describe the 
world is viewed as a system of symbols composed in patterns denoting 
phenomena in the world. Sentences may represent these phenomena falsely or 
truly, but the ultimate goal is achieving correspondence with the state of 
affairs they represent. Knowledge is objectified, regarded as something that 
may be extracted from human experts, formally described and, using 
appropriate representational schemes, stored externally, thus made readily 
available and transferable like a commodity. 

Human agents are seen as rational problem solving or decision-making 
automata in the spirit of Herbert Simon (1976), where decision-making 
process follows these steps (Winograd & Flores, 1987, p. 20): 
1. “Listing all the alternative strategies.” 
2. “Determining all the consequences that follow upon each of these strategies.” 
3. “Comparatively evaluating the sets of consequences.” 

 
They become more or less reduced to resembling data-processing systems 

whose behavior is determined by predefined plans or routines, where, based 
upon input in the form of objective and accurate problem descriptions, they 
process, applying rules of inferences, to produce a solution as the output. 

The rationalistic tradition has influenced how we view the designing of 
artifacts for the working environment, be it computer-based systems, 
procedures, and so forth. As the world may be described objectively, 
interpretations of data about the world are not considered dependent upon 
context or observer, thus neglecting expectations, needs, and cognitive 
capabilities of individuals. The design of artifacts has not been seen as either 
enabling or empowering human agents, but rather as substituting them or 
enhancing their processing capabilities with technology. 

2.2.2 Engineering vs. human-centered approaches 
In arguing for an action-centered development approach, focusing on what 
people do in performing work as a basis for system development, Denning and 
Dargan (1996) point out that basically two principal approaches are practiced. 
These are a software engineering approach and a human-centered approach, 
both having complementary strengths and weaknesses. 

Engineering approach 

According to Denning and Dargan (1996), this approach dates back to the 
middle of the 1960s. It is firmly based in an engineering tradition, where 
system development is seen as a formal process in which the work focuses 
upon constructing a computer-based system having the form and function 
specified by the customers. This process is often referred to as the “system 
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development lifecycle model”, where the most common varieties are the 
waterfall model and the spiral model, depicted in Figure 2-1 and Figure 2-2 
respectively. Here, the waterfall model depicts system design and development 
as a sequential process progressing from the top to the bottom through well-
defined phases, allowing for feedback and revision into previous phases. The 
spiral model combines iterative prototype development with the systematic, 
controlled approach of the waterfall model, allowing for incremental releases 
of the system, or incremental refinements through each round. 

System
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Product design

Verification

Detailed design
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Code
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Figure 2-1: The waterfall model of the system development life cycle (adapted from 

Boehm, 1988, p. 62) 
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Figure 2-2: The spiral model of the system development process (adapted from Boehm, 

1988, p. 64) 

Denning and Dargan (1996) refer to the works of Andriole and Freeman 
(1993), Boehm (1976), DeGrace and Hulet-Stahl (1990), and Dijkstra (1989) 
for further descriptions of how the process may be organized. 

According to Denning and Dargan (1996), software engineers have not 
achieved success in engineering design processes. They have not been able to 
develop a systematic method for producing software that is easy to use, 
reliable, and dependable. They point upon some popular explanations for this. 
One such explanation is that laws of continuity, which engineers are 
accustomed to, are violated due to the inherent complexity in software. 
Another such explanation is that familiar engineering analogies might lead us 
astray as software may be regarded as a “radical novelty”, i.e. turning the world 
upside down and destroying all established order. 

Denning and Dargan (1996) point out that the engineering approach 
stands upon three assumptions. The first one states that the result of the 
process is always a product, whether artifact, machine, or system. The second 
one states that this product is always derived from specifications given by the 
clients. Here, Denning and Dargan point out that having just enough 
knowledge and computing power this derivation could be automated. The last 
one states that once the clients and developers have agreed on the 
specifications, there is little need for contact between them until it is time for 
delivery. They point upon that, failures in applying this approach often stems 
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from faulty input in the form of incomplete or incorrect specifications. 
Therefore, if we just get the specifications correct from the start, then the 
system, in practice, would already be in existence. 

There exist of course several approaches within the engineering approach 
tradition. Grønbæk, Kyng, and Mogensen (1997) identify the following 
examples of approaches, which may be seen as belonging within the 
engineering approach as they are, in essence, product-centered: specification-
oriented, prototyping-oriented, object-oriented. Within a specification-
oriented approach, in essence the engineering approach, one assumes that 
system design or development can be based solely on observation and detached 
reflection, as has been discussed previously. The prototyping-oriented 
approach arose as a response to some of the problems of the specification 
oriented approach in order to overcome them. By introducing prototypes of 
the future system to the users during the development process, one hopes to 
gain better specifications. Within an object-oriented approach, one hopes to 
make the relations explicit between the system and the work it supports, 
striving for systems that are easier to maintain as the work context changes. 

Human-centered approach 

According to Denning and Dargan (1996), a human-centered approach 
emerged in Europe in the late 1980s as a reaction to the shortcomings of the 
former more product-centered approach, the engineering approach. Here, the 
software crisis may be seen as due to failure of reaching client satisfaction, as it 
does not address properly the connection between the actions of developers 
with the concerns of their clients. The only interactions between the two are 
limited to requirements and specifications documents, and to the sign-off at 
delivery of the system. Here, the development process focuses primarily on the 
computer-based system and its efficiency, expecting humans to adapt. The 
human-centered approach, in contrast, tries to understand first the domain of 
work, or play, in which people are engaged and in which they interact with 
computer-based systems, and only then to develop them to facilitate action. 

Denning and Dargan (1996) point out that the approach stands upon three 
assumptions. First, that it is always a satisfied client that is the goal of this 
approach. Second, that collaboration between developers and clients is the 
essential focus in the process, evolving and changing to the needs and concerns 
of the clients (not stating how these are addressed). Here, the specification is 
seen as an important byproduct of the process. Third, that communication is 
continuous between developers and clients all through the process. 

Within a human-centered approach Grønbæk, Kyng, and Mogensen 
(1997) identify participatory oriented approaches. Such approaches strive to 
give the end-users influence in the development process whenever major 
decisions are made and changes can be realized at a reasonable cost, and not 
only when the system is to be installed. There exist several participatory 
approaches, such as the Scandinavian tradition of cooperative design, which 
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combines user involvement with prototyping or mock-up techniques. 
However, Grønbæk, Kyng, and Mogensen point out that development 
techniques used within the participatory oriented approach rarely go beyond 
the early analysis and design activities in the development process. This may 
be due to that they are more concerned with the relation between the context 
of work and the users. I return to the participatory design approach in chapter 
3.3.1. 

2.2.3 Scandinavian approaches 
As I am, as a professional and academic, working in Scandinavia, it is difficult 
not to take note of and be influenced by the IS development roots and 
traditions that have evolved here. Here, I turn to the work of Iivari and 
Lyytinen (1998) who have made a most impressive and comprehensive 
description and analysis of the different IS development approaches that have 
evolved within what may be considered as the “Scandinavian school”. 

Iivari and Lyytinen (1998) point that, despite the relative size of the 
population in Scandinavia, it has had a disproportional significance and 
influence in the evolution of the information systems as an academic 
discipline. They point out that that there may be several explanations for this. 
The structure of the societies in Scandinavia, and how they have evolved, 
could be one explanation. Then, it could be explained by that the 
Scandinavian countries have relatively similar socio-economic and political 
traditions. Furthermore, it could be explained by the fact that the IS 
community in Scandinavia has been blessed by several innovative researchers, 
e.g. Börje Langefors (1980), who have much influenced and affected the 
growth of the IS community, and the political environment and influence of 
trade unions. 

Iivari and Lyytinen (1998) have grouped together ten information systems 
development approaches, which may be considered Scandinavian due to their 
origin, approach, or scope. These are the Infological approach, the Formal 
approach, the Socio-technical approach, the Trade unionist approach, the 
Sociocybernetic approach, the Language action approach, the Professional 
work practice approach, the Object-oriented approach, the Activity Theory 
approach, and the Structuration Theory approach. 

Iivari and Lyytinen (1998) begin by painting a genealogy of the 
development approaches, their historical place, and what influences they had 
had upon each other and their relations. The picture they paint is indeed 
impressive, and it is a shame that it is not possible to show it here, but an 
interested reader may find it in their article (Iivari & Lyytinen, 1998, p 139). 

Iivari and Lyytinen (1998) then go on to compare these approaches 
according to their scope, value orientation, knowledge interest in the 
development process, support for formal vs. informal cooperation, role of 
methods stake holder relationships, attention to context, and principles of the 
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development process. Producing yet another impressive table compilation, an 
excerpt is shown in Table 2-1 with only two of the approaches. 

Table 2-1: Comparison of information systems development approaches (adapted from 

Iivari & Lyytinen, 1998, p. 162) 

Approac
h 

Scope Value 
orientatio
n

Knowledge 
interest of 
ISD

Aspects 
support
ed

Role of 
methods 

Stakehol
der 
relations

ISD 
contexts 
covered

Principles 
of the ISD 
process 

Infologi
cal 
approac
h 

Gener
al: in 
practic
e 
mainly 
TPS 
and 
MIS 

Org. 
effectiven
ess 
User-
oriented 
criteria 
weakly 
present

Technical
Communica
tive 

Formal
Inform
al? 

Regulati
ve rules 
(cook 
book) 

UP 
assumed
; easily 
mgmt. 
and 
expert 
led 

Organizati
onal 
Language 
Technical 

Life-cycle 
Blueprints 
Linear 

Trade-
unionist 
approac
h 

Gener
al; in 
practic
e tool 
orient
ed 
small 
TPS, 
MIS 
and 
DSS 

Quality 
of 
working 
life 

Technical
Communica
tive 
(language 
game) 
Emancipato
ry (critical) 

Formal
Inform
al 

Remind
ers 

Strong 
emphasi
s on UP; 
ideally 
cooperat
ive on 
micro 
issues 

Organizati
onal 
Technical 

Evolution 
Process 
mode 
Non-
linear 
(prototypi
ng) 

 
Iivari and Lyytinen (1998) also discuss and compare the strengths and 

weaknesses of the approaches. An example of this comparison is given below 
in Table 2-2. The table is an excerpt and adaption of the original by Iivari and 
Lyytinen, in which both theoretical roots and practical use were present. 
However, the table serves us in giving an idea of the comprehensiveness of the 
analysis done by Iivari and Lyytinen. 

Iivari and Lyytinen (1998) conclude by noting that despite the practical 
orientation of the approaches, either because of their roots or that they are 
action research based, they have mainly remained academic exercises, affecting 
the information systems development practice indirectly. The Scandinavian 
approaches may be characterized as “grass root” approaches as compared to the 
North American approaches. This being due to relatively smaller 
organizations here, leading to a focus upon development of smaller IS 
applications, and upon the strong cultural and political tradition to focus upon 
user participation. Even though there are differences among the approaches 
they all share common features, mostly due to the infological tradition that 
quite early came to attend to organizational, application, and user issues in 
information systems development. Compared to the North American 
approaches, Scandinavian approaches rely much less on IS planning, in spite 
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of the rather dominant planning-oriented social democratic ideology prevalent 
in the Scandinavian countries. They have come to rely more upon evolutionary 
development and grass root bricolage. Due to the strong tradition of 
consensus-oriented corporativism, Scandinavian approaches have not had the 
opportunity to emphasize radical organizational change of the type that has 
been dominant in the North American tradition during the 1990s. 

Table 2-2: Summary of the Scandinavian approaches (adapted from Iivari & Lyytinen, 

1998, pp. 168-169) 

Approach Strengths and major contributions Weaknesses
Infological 1. Distinction between infological 

problem and datalogical problem of 
ISD 
2. Formalism for conceptual/infological 
modeling 
3. ISAC method for information 
analysis 
4. ISAC method for change analysis

1. Theoretically eclectic and weakly 
2. System theory dominance 
3. Structuralist view of organization 
4. Human agency omitted 
5. ISAC process-oriented (data-
orientation weakly integrated) 

Formal 1. Contributions to the temporal 
modeling 
2. Contributions to the behavioral 
modeling 
3. Innovate ISD method 
4. Pioneering CASE projects 
5. Contribution to the metaCASE 
environments 
6. Contributions to the method 
engineering 
7. Formal and quantitative method 
comparison

1. Mechanistic view of organizations 
2. Risk of over formalization 
3. Conceptual complexity 

Socio-
technical 

1. Empirical testing of the socio-
technical design ideas and ideals in 
practice

1. Consensus view of organizations 

Trade 
unionist 

1. Critical value orientation
2. A model of a union-led “shadow 
organization” for ISD 
3. Tool perspective of computer 
artifacts 
4. Contributions to the participatory 
“design-by-doing” approach supporting 
informal cooperation in ISD

1. Theoretically eclectic
2. Potential conflict with the critical 
value orientation and practice 
3. Tool-orientation 
4. Articulation of work omitted 

Socio-
cybernetic  

1. Three levels of abstraction
2. A detailed meta-model for an IS 
3. A process model for ISD 
(hierarchical spiral model) 
4. Quality and choice criteria for an IS 
5. A reference model

1. Theoretically eclectic
2. Complexity of the approach 
3. Not fully elaborated at the 
conceptual/infological level 
4. Not sufficiently tested in practice 
5. No CASE support

Language 
action 

1. Firm theoretical background
2. Rich understanding of computer-
mediated social communication based 
on Speech Act theory

1. Complexity of approach
2. Not fully elaborated at the 
organizational level 
3. Not sufficiently tested in practice 
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4. Attention to all illocutionary points 
(assertive, directives, commissives, 
expressive and declarative) 
5. SAMPO method for ISD

4. No CASE support

Professional 
work 
practice 

1. Empirical understanding of the ISD 
practices 
2. Diagnostic, ecological and virtual 
maps, use of metaphors, future 
workshops 
3. Principles of project management

1. Theoretically eclectic and weakly 
documented 
2. Not a complete method 

Object-
oriented 

1. Concept of “use case”
2. Object categories: entity, interface 
and control objects 
3. Early attention to user interface 
4. Apply OO concepts to 
organizational modeling

1. Theoretical background weakly 
documented 
2. Computer Science (software 
engineering) dominance 
3. A mechanistic view of 
organizational work

Activity 
Theory 

1. Activity theory as one theory of 
social action a promising background 
theory 
2. Concept of activity a potentially 
useful concept to structure the 
organizational community 
3. An expanding research community

1. Theoretical background very 
general 
2. Not fully elaborated as an ISD 
approach 
3. Language context weakly 
addressed 

Structuration 
Theory 

1. Rich and generic theory of social 
action and change 
2. Flexibility to use and sensitize IT-
related phenomena 
3. Focus on the “ontology” of technical 
phenomena 
4. Strong focus on ethnographic 
research methods

1. Very general and abstract theory 
2. Difficult to interpret and use the 
results 
3. Language context weakly covered 
4. Not clear how to map social into 
technical 
5. Thin normative implications 

 
In sum, the “Scandinavian school” approaches to information systems 

development may be characterized, according to Iivari and Lyytinen (1998), as 
having a strong emphasis on evolutionary development, user-participation 
(with “grass root” perspective), using alternative process models, seeking 
varying and innovative theoretical foundations, and based on action-oriented 
research tradition. I return to the “Scandinavian school” approach in chapter 
3.3.1. 

2.3 Perspectives on system development 
What is a perspective and what may it tell us, especially in relation to system 
development? An intuitive answer to these questions may be that a perspective 
is something that enables us to see something, e.g. a problematic situation, 
from a new angle, to take another viewpoint wearing other spectacles, in order 
to uncover aspects, characteristics, and relations, which were obscure before. It 
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may help us to gain further understandings, enabling us to come up with a 
potential solution where it before seemed unsolvable. 

Several perspectives could be entertained simultaneously to contrast each 
other, and ensure that we have found all or the one possible solution. In short, 
intuitively, it enables us to gain a richer understanding. If we look at a 
perspective, or several, in relation to system development, it means that we 
regard the development process as problematic or fuzzy, enigmatic at worst, 
and perspective could then enable us to bring some order to it. Thus making 
sure all stakeholders are heard and understood, making sure that desired and 
wanted qualities are embedded or expressed in the resulting system, and so 
forth. 

To give us an idea of what perspectives can tell us, we could look at 
Norman (1993) where he provides us with a simple example of what the 
taking of a perspective (viewpoint) may mean. Table 2-3 presents two views or 
perspectives, a human-centered view and a machine-centered view. It depicts 
contrasting qualities of people and machines, which would be emphasized 
differently depending upon what viewpoint was taken. 

Table 2-3: People- and machine-centered views (adapted from Norman, 1993, p. 224) 

From a human-centered view
People are Machines are
1. Creative 
2. Compliant 
3. Attentive to change 
4. Resourceful 
5. Flexible in decision-making because they 
are made based upon qualitative as well as 
quantitative assessment, modified by the 
special circumstances and context

1. Dumb
2. Rigid 
3. Insensitive to change 
4. Unimaginative 
5. Consistent (or constrained) in decision-
making because they are made based upon 
quantitative evaluation of numerically 
specified, context-free variables

From a machine-centered view
People are Machines are
1. Vague 
2. Disorganized 
3. Distractible 
4. Emotional 
5. Illogical 

1. Precise
2. Orderly 
3. Undistractible 
4. Unemotional 
5. Logical

 
Taking one or the other view, or standpoint, in a design situation, we 

would perhaps be arguing for different characteristics and qualities in the 
resulting artifact, and we would be paying attention to different aspects in the 
design process and take different courses of actions. I will leave it up to the 
reader’s imagination what the different views of Norman (1993) would 
actually mean, or how they could be realized in a design situation. 

However, the question of what a perspective on system development is still 
needs some more careful elaboration, beyond the intuitive one above, to give 
us a firmer theoretical understanding. For this, and to further our 
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understanding of how perspectives may come to influence our endeavors, such 
as designing and developing information systems, I will turn to the work of 
Hult, Irestig, and Lundberg (2006) and draw upon their thorough theoretical 
examination. 

Drawing upon Rittel and Weber (1984) on the concept of wicked problem, 
Hult et al. (2006) observe that the design (or development) of information 
systems is often characterized as being a complex and open-ended process. 
“Wicked problems are open-ended in that they cannot be objectively defined, but 
rather that problem solvers subjectively discover, define, and prioritize the problems 
in parallel with forming possible solutions” (Hult et al., 2006, p. 7). Hult et al. 
continue with that, although the concept was originally viewed as a 
characteristic of societal planning (Rittel & Weber, 1984), it has nowadays 
come to be used to describe design (or development) problems in social 
contexts in general. Hult et al. emphasize the importance of individual design 
participants’ perspectives in such subjective processes as the design (or 
development) of information systems. These perspectives often become 
interpretive lenses for actions and perceptions, i.e. affecting the way humans 
act. Here, in pointing out the importance of perspective in affecting the way 
humans act, Hult el al. draw upon numerous sources in the literature (Bansler, 
1990; Hirschheim & Klein, 1989; Molander, 1996; Nurminen, 1988; Nygaard 
& Sørgaard, 1987). 

In approaching a definition of what a perspective is, Hult et al. (2006) 
draw upon Nurminen (1987), and Nygaard and Sørgaard (1987). Here, Hult 
et al., in quoting the authors, define a perspective as determining many 
essential characteristics of our actions. It provides rules of how to act, of how 
to conceive of and think on things, i.e. they are part our “cognitive universe” 
(Nygaard & Sørgaard, 1987, p. 381) that provides structure for our cognitive 
processes as we relate to phenomena within the world. Hult et al. point out, 
relating to the work of Nurminen, that perspectives are similar to paradigms. 
As paradigms guide us in an unconscious manner and new ones arise to 
answer questions previous paradigms cannot account for, so do perspectives. 
Here, Nurminen discussed information systems from a system theoretical 
perspective, a socio-technical perspective, and a humanistic perspective. Hult 
et al. continue with that perspectives may play an important role when used to 
view a problem situation and gain a richer understanding. Here Hult et al. 
take Soft Systems Methodology of Checkland (1988) as an example, which 
make explicit use of perspectives to examine a problem situation. 

As designers (or developers) meet the design (or development) situation, 
according to Hult et al. (2006), the designers’ pre-understanding forms an 
active design perspective in the creation of a design solution. It has a major 
influence on the way they act, explore, and interpret events in the design 
space. Drawing on Hirschheim and Klein (1989), Hult et al. point out that 
this pre-understanding forms an overall frame of reference for interpreting the 
world. This frame is constituted by earlier experience, knowledge, feelings, 
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etc., and it constitutes a “personal and partly unique perspective of the world for 
every individual in a society” (Hult et al., 2006, p. 8). 

Hult et al. (2006) point out that the concept design perspective is closely 
related to the concept of genre (or artifact genre). Here, genre shares many 
aspects of form, content, and purpose with other artifacts within the genre. 
Genre may be used as a powerful way of framing a specific design since a 
genre may bring with it experience and familiarity of others similar designs 
within that genre, thus forming a preconception of what to expect and how to 
act. According to Hult et al., such genres are often part of the designers’ 
repertoire as they may have experienced them before, not only as designers, 
but perhaps also as users, and thus may provide them with an initial 
understanding of what to expect, how to act and interpret phenomena within 
the design situation. Drawing on Schön (1983; 1987), Hult et al. state that 
design activities are often related to the designer’s repertoire of design 
examples, encountered before, that he or she may draw upon to guide action 
and understandings. 

According to Hult et al. (2006), drawing on Maaß and Oberquelle (1992), 
design perspectives may be observed in the actual design work, in the way the 
artifact is described to the users and techniques used. Here, Hult et al. 
continue, drawing on Nygaard and Sørgaard (1987), design perspectives may 
be described as being embodied by design techniques, guiding our focus to 
what aspects of the design situation that should be given attention. 

According to Hult et al. (2006), design techniques may frame design 
problems through a meta-perspective by setting dimensions for describing 
future users, describing how the product should be or could be used, and 
describing events and actions related to use. Design techniques may be 
motivated from a perspective, but, Hult et al. point out, they do not have to 
involve every aspect of the perspective. Hult et al. continue with that design 
perspectives can also be used in interpreting situations of use, since once 
having framed a problem, the design space, and its constraints, can be 
explored, to discover different design alternatives and potential solutions. Hult 
et al. conclude that this may be one answer to the challenges of generating 
divergent ideas in conceptual design work. 

The account above of the work of Hult et al. (2006) represents just a brief 
glimpse of their theoretical examination. A reader interested in further 
elaborations is well advised to turn to their work and the sources they draw 
upon. However, this account is sufficient to give us a fair idea of what a design 
perspective is, how it affects our development endeavors. 

2.3.1 Paradigms of system development 
From Hirschheim and Klein (1989) we find that system developers approach 
the development task with a number of explicit and implicit assumptions. 
Such a fundamental set of assumptions, adopted by a professional community 
allowing its members to share similar perceptions and engage in commonly 
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shared practices, may be viewed as a form of paradigm. Drawing on Burrell 
and Morgan (1979), Hirschheim and Klein further state that, a paradigm 
consists of assumptions about knowledge, how to acquire it, as well as 
assumptions about the physical and social world. They point out that within a 
paradigm there are two types of assumptions made about the knowledge and 
the world: epistemological and ontological. These may be organized into two 
dimensions, creating an objectivist-subjectivist dimension and an order-
conflict dimension. 

According to Hirschheim and Klein (1989), within the objectivism-
subjectivism dimension, objectivism means that the social world is equal to the 
natural world, where methods from natural sciences apply, and subjectivism, 
from the other end, means that such methods cannot be used to study the 
social world as it is based on subjective experience of individuals. Within the 
order order-conflict dimension, order means that the social world is 
characterized by order, stability, consensus, and coordination, and from the 
opposite end, conflict means it is characterized by conflict, change, 
disintegration, coercion, and so forth. Grouping these dimensions together 
creates a model with four possible archetypes of paradigms: functionalism, 
social relativism, radical structuralism, and neohumanism. With each of these 
paradigms is associated an archetype or role model of how the system analyst 
or developer perceives his role and work. Figure 2-3 shows a model where 
these are summarized. 

Order

Radical
Structuralism

Social
Relativism

Neohumanism

Functionalism

Conflict

Objectivism Subjectivism

 
Figure 2-3: Information systems development paradigms (adapted from Hirschheim & 

Klein, 1989, p. 1202) 

Paradigm of functionalism 

According to Hirschheim and Klein (1989), within the paradigm of 
functionalism system development is seen as instrumental reasoning, where 
the analyst, or system developer, is regarded as a system expert. Information 
systems are developed to meet specific objectives. Management, who knows 
objectively the requirements, is driving the process, and the developers only 
have to know how to develop these into a technical system, and not be 
involved with politics or the objectives of the system. The development 
process is objective and ordered, and formal and structured methods are 
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applied. Here, reality may be neatly explained and predicted, and the end users 
are not always consulted or involved. 

Paradigm of social relativism 

According to Hirschheim and Klein (1989), within the paradigm of social 
relativism system development is seen as a sense making process, where the 
analyst or developer is a facilitator in capturing the illusive knowledge. 
Development is subjective and ordered, and social change is brought about in 
an evolutionary manner. The development is process-oriented and the reality 
is negotiated with management and users. The system analyst, or system 
developer, acknowledges that different perceptions about reality do exist, and 
that this reality is socially constructed. Acting as a change agent the system 
analyst, or system developer, cooperates with managers and users in order to 
help them define their views. Here the system development strives to facilitate 
learning and creativity of all the stakeholders. Both strong participation and 
interaction is required, and consensus reaching, with no rights or wrongs, is 
emphasized. 

Paradigm of radical structuralism 

According to Hirschheim and Klein (1989), within the paradigm of radical 
structuralism system development is seen as Dialectic Materialism, in the 
spirit of Marx, where growth, change, and development only can take place 
through a struggle or conflict of opposing forces, acknowledging political 
realities, power relations, and authority. Here, the system analyst, or system 
developer, is seen as a labor partisan, a warrior for social progress, standing on 
the assumptions that there is an inherent conflict between management and 
labor. In this conflict or struggle, the system analyst, or system developer, has 
to make the choice of either siding with the management or join the interests 
of the labor, which is the preferred side. A participatory approach is advocated 
but only with the laborers. The only rational objectives of the system 
considered are those that enhance the craftsmanship and working conditions, 
recognizing that tools need to be adapted to different stakeholders with 
different interests. 

Paradigm of neohumanism 

According to Hirschheim and Klein (1989), within this paradigm of 
neohumanism the system analyst, or system developer, acts as an emancipator 
or social therapist, with the aim to improve the understanding of the 
rationality behind human actions in order to bring about freedom from natural 
and social constraints. System development is mainly about engineering the 
social systems, which should proceed with three knowledge interests in mind: 
technical knowledge interest, reaching mutual understanding, and to bring 
about emancipation. Here the system development should facilitate the widest 
possible debate of organizational problems in order that shared objectives 
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could be agreed upon as well as the policies for achieving them. Stakeholders 
in the process form a diverse group of interested parties, such as laborers, 
customers, owners, etc. The four system development paradigms are 
summarized in Table 2-4. 

Table 2-4: Summary of the Four Paradigms (adapted from Hirschheim & Klein, 1989, p. 

1210) 

Paradigm Developer 
archetype

System development 
proceeds

Elements used in 
defining IS

Examples 

Functionalism Expert or 
Platonic 
Philosopher 
King 

From without, by 
application or formal 
concepts through 
planned intervention 
with rationalistic 
tools and methods

People, hardware, 
software, rules 
(organizational 
procedures) as physical 
or formal, objective 
entities

Structured 
analysis, 
information 
engineering 

Social 
Relativism 

Catalyst or 
Facilitator 

From within, by 
improving subjective 
understanding and 
cultural sensitivity 
through adapting to 
internal forces of 
evolutionary social 
change

Subjectivity of 
meanings, symbolic 
structure affecting 
evolution of sense, 
making and sharing of 
meanings, metaphors 

Ethnographic 
approaches, 
FLORENCE, 
project 

Radical 
Structuralism 

Warrior for 
Social 
Progress or 
Partisan 

From without, by 
raising ideological 
conscience and 
consciousness 
through organized 
political action and 
adaptation of tools 
and methods to 
different social class 
interests

People, hardware, 
software, rule 
(organizational 
procedures) as physical 
or formal, objective 
entities put in the 
service of economic 
class interests 

Trade-union 
led 
approaches, 
UTOPIA and 
Demos 
projects 

Neohumanism Emancipator 
or Social 
Therapist 

From within, by 
improving human 
understanding and 
the rationality of 
human action 
through 
emancipation of 
suppressed interests 
and liberation from 
unwarranted natural 
and social constraints

People, hardware, 
software, rules 
(organizational 
procedures) as physical 
or formal objective 
entities for the TKI; 
subjectivity or 
meanings and 
intersubjectivity of 
language use in other 
knowledge interests

Critical social 
theory, 
SAMPO 
project 

2.3.2 Conservative rationality to artful romanticism 
Fallman (2003), in addressing what design “is” and how it is related to HCI, 
introduces us to three “extreme” accounts from design theory that provide 
different but equally important attempts to understand what design really is 
and what designers really do when they design. From my horizon, these 
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accounts, or perspectives as I call them, are not limited to design and designers 
concerned with HCI. They are equally valid to describe the system 
development process in itself, as well as how we may come to understand it. 
These accounts are summarized in Table 2-5, and in the following presented. 

Table 2-5: Summary of the three accounts (adapted from Fallman, 2003, p. 227) 

 Conservative Account Pragmatic Account Romantic Account 
Designer An information 

processor; a “glass box” 
A reflective, know-how 
bricoleur; a “self-organizing 
system”

A creative, imaginative 
genius; an artist; a “black 
box”

Problem Ill-defined and 
unstructured; to be 
defined

Unique to the situation; to be 
set by the designer 

Subordinate to the final 
product 

Product A result of the process An outcome of the dialogue; 
integrated in the world

A functional piece of art 

Process A rational search 
process; fully 
transparent

A reflective conversation; a 
dialogue 

Largely opaque; 
mystical 

Knowledge Guidelines; design 
methods; scientific laws

How each problem should be 
tackled; compound seeing; 
experience

Creativity; imagination; 
craft; drawing 

Role model Natural sciences; 
engineering; 
optimization theory

Bricolage; human sciences; 
sociology 

Art; music; poetry; 
drama 

The conservative or problem solving oriented perspective 

According to Fallman (2003), adopting this perspective in the design or 
development situation, assumes there is a problem to solve, and through 
intervention and manipulations, following an engineering tradition, turn an 
undesired situation into a desired one. Here, one progresses gradually from the 
abstract specifications to the concrete artifacts, through a series of well-
described, discrete, rational, and structured methodological steps. Such 
methodological steps involve breaking down the initially ill-defined and 
unstructured area of the design problem into more manageable parts through 
analysis, and synthesizing towards a solution to the overall problem by solving 
each part of the set of smaller problems found during the analysis. Within this 
perspective, it is always assumed that comprehensive and accurate descriptions 
of the problem situation can be produced. 

According to Fallman (2003), methodology and structure are at the heart 
of understanding and practicing design, and it is seen as possible to externalize 
the rationality of design work into guidelines, making the skill of the designer 
transferable. Methods are seen as guarantor of the stringency of the process, 
allowing for systematic and controlled collection of information to identify the 
problem and establishing the objectives. The designer is seen as an engineer or 
a natural scientist, where the actual process is based upon structured methods 
and externalized guidelines rather than on the skills and judgment of 
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individual designers. The process is viewed as a “glass box”, transparent, where 
every step in the process is rational and possible to describe. 

The romantic or art perspective 

According to Fallman (2003), this perspective puts the role of the designer at 
the forefront, seen as an imaginative mastermind, equipped with almost 
magical abilities of creation. Romanticism evolved not as a reaction to 
rationalism, but rather as a substitute for it, putting an emphasis on the 
individual and its concerns and identity, and emphasizing imagination over 
abstract reasoning and creativity over rational problem solving. Here, designers 
are seen as having to fight opposition in order to defend their unique creativity 
and artistic freedom. 

From this perspective, Fallman (2003) states, art may be seen a better role 
model for design than science, designers as painters, composers, and poets, 
rather than scientists or engineers. Creativity and imagination drive design, 
and methodologies are often treated with suspicion. Here, the design process 
takes the appearance of a “black box”, a non-transparent process, in which the 
designer is able to generate the most creative designs, but may not be able or 
interested in explaining how. Rather than rationality to guide the process, 
direction is provided by the designer’s values and taste, and the resulting 
artifact is judged according to quality and aesthetics. The romantic perspective 
is a perspective that accentuates the artifact and the designer, giving the actual 
process minimal attention. 

The pragmatic or situated make-do perspective 

According to Fallman (2003), designers are being engaged directly in a 
specific situation, carried out somewhere in particular in a world that is already 
populated with people, artifacts, and practices. This is much like the reasoning 
of Suchman (2002) concerning that design is always located, taking place 
somewhere. Here, the process takes on hermeneutic properties of 
interpretation and meaning creation, and the effects on the situation at hand 
are iteratively interpreted. 

Drawing upon Schön (1983), Fallman (2003) points out that the actual 
process, from this perspective, may be seen as reflective conversation with the 
materials of the situation. Here, Fallman relates the process to the concept of 
“bricoleur” of Lévi-Strauss (1966), where one makes do with what is available, 
or at hand, in a specific situation. Tacit and pre-reflective knowledge of 
everyday life and work are the major ingredients in understanding design. 
Fallman continues, the suggestion of Schön (1983) of the concept of 
“reflection-in-action” may be the best principle for dealing with situations of 
uncertainty, instability, uniqueness and value conflict, rather than seeking 
guidance from theories and methodologies. Fallman concludes with that the 
pragmatic perspective highlights the situatedness of the designer in the life-
world with its interweaving of roles, practices, and technologies. 
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Adopting, what I would call, some form of hermeneutic perspective on the 
development process of computer-based systems, means that you view the 
process as iteratively interpreted and situated, where you must make do with 
what you have as the world enfolds around you and more is uncovered and 
learnt. 

2.3.3 Perspectives within Scandinavian tradition 
The Scandinavian tradition of research on system development is based on a 
view of technology as heavily biased, i.e. made for a purpose, and stresses both 
technical and non-technical matters in the development process. Bratteteig 
(2004), being firmly based within this tradition, introduces us to the following 
perspectives of system development that are emphasized in research: as 
construction process, as organizational change, as a political process, as a work 
process, and as a multiperspectivity process. 

Construction process perspective 

According to Bratteteig (2004), to take this perspective on system 
development means emphasizing the construction of information technology 
using methods, techniques and engineering approaches to building technical 
systems according to specifications, thereby differentiating the system 
development process from other social, organizational, and human change 
processes. The computer-based system is seen as a machine that is 
controllable, reliable and predictable, whose technical qualities are based on 
the composition of parts into a whole that works, a system perspective. This 
perspective is not only incorporated into the development methodologies that 
are used in constructing the system, but also in the techniques and tools for 
describing human activities and organizations. However, Bratteteig cautions 
us, that applying a system perspective to the world may limit the 
understanding of those parts of the world that cannot easily be described from 
this perspective. 

Organizational change perspective 

According to Bratteteig (2004), from this perspective system development is 
always seen as situated in an organizational context, where developing the 
computer-based system also involves developing a corresponding work 
organization with new routines. Systems are seen as a natural part of the 
organization of work, where the information produced is used as a resource in 
communication and control of the work. Here, organizational changes are 
seen as necessary when the existing organization of work has become too 
complex for the corresponding information system to exercise efficiently 
control. This makes it necessary to gain knowledge about the work practice 
and work organization, and all development processes should start with the 
organizational context of work. Through the introduction of a new computer-
based system, new ways of doing the work at all levels are often brought about. 
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Thus, both training and learning constitute a large part of introducing the 
computer system, taking much of the resources in the development process, 
and is an integral part of it as a planned change processes. Bratteteig concludes 
that the view of system development as interacting with organizational change 
processes has consequences for how we are to understand the system 
development, i.e. it has to be rooted in the work of the users and in the 
organization. 

Political process perspective 

According to Bratteteig (2004), from this perspective system development is 
concerned with who has the power to decide what the problem is, what the 
solution should be and how it is going to be realized. Underlying basic 
assumptions are that information technology is not neutral, i.e. it may be used 
for many purposes and serving different interests, and that there exist 
conflicting interests within the organization or society. Power relations that 
underlie the system development work, such as between management and 
employers, must be acknowledged and surfaced, and to be dealt with through 
established, institutionalized arenas for negotiation if necessary. Bratteteig 
continues with that new computer-based information systems may strengthen 
and cement existing power structures in the organization. However, 
organizational change, following system development, may challenge the 
power structures and thus lead to conflicts. Here Bratteteig point upon the 
Trade union approach, e.g. Sandberg (1983), as an example of an approach to 
development that is based on the assumption that power is exercised through 
the formal institutions in organizations, work life and society, and that conflict 
are to be expected. 

Work process perspective 

According to Bratteteig (2004), from this perspective system development 
does not only concern itself about building the computer-based system alone, 
but also about the actual development process. Analysis and design, 
programming, testing, etc. are all seen as core competencies of the system 
developers, and these same core competencies are used in the planning and 
organization of the development work. Such planning and organization is not 
only based on the technical content of the system, but also contextual factors, 
such as available organizational resources. System development work differs 
from other project work because the organization of work depends on the 
technical characteristics of the system being developed, therefore allowances 
for changes during maintenance, enhancement, and redesign must be included 
in the system development process. 

Multiperspectivity 

Apart from the four distinct perspectives above, Bratteteig (2004) also points 
out that developing a computer-based system is only one of many processes in 
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system development. As it a complex process, it can only be understood from 
several perspectives, where an interplay between the processes is a necessity for 
creating any change. The process does not only require skills and knowledge 
about computers and about techniques for making formal representations that 
can be processed in a computer-based system. It also requires skills and 
knowledge for the planning and getting the system developers to develop a 
system within an organizational context. Qualities in the system development 
are discussed from a range of pure technical to those of use and usability. 
Therefore, Bratteteig concludes, system development should be seen a multi-
disciplinary work process involving technical, social, organizational, 
psychological, managerial, economic, cultural, political knowledge and skills. 

2.4 Theoretical frame 
In this section, I will present theoretical and scholarly work that I will either 
draw upon or relate my work to throughout the thesis. 

2.4.1 Development orientations 
Design and development may be oriented in a number of directions, 
emphasizing or focusing upon different issues or aspects, depending upon 
approach and perspective taken. Here, I will present three orientations that I 
relate to throughout the thesis. These are in line with an approach to 
development that is human-centered, participative, and evolutionary, taking a 
situated work process perspective. 

Work-oriented 

According Suchman, Blomberg, Orr, and Trigg (1999) technologies, such as 
computer-based systems, can only be assessed in their relation to the sites of 
their development and use, their social practice. In order to address what they 
see a central problem to development of systems, i.e. their relations to the 
environment of their intended use, they advocate a work-oriented approach to 
the system development practice. Actually, Suchman, Blomberg, Orr, and 
Trigg refer to technology production in large, where development of 
computer-based systems is one specific instance. I have for the sake of 
coherence in the thesis chosen to use system development instead of 
technology production when giving an account of their approach. The 
embarking point, for their approach to system development, is that we must 
examine in detail how people work, using existing or prototype systems. 

Suchman, Blomberg, Orr, and Trigg (1999) point out that for individual 
systems to add value they must be efficiently integrated into the work practice. 
This requires development of prototype system within actual work sites, in 
situ, in close relation to the sites of its intended use. Here, such system 
prototypes go beyond simple demonstrations of functionality to incorporate 
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materials from the work site and from the workers collaborating in the process 
from its earliest development, combined with an iterative cycle of design, 
implementation, assessment, and redesign at the location. Through 
collaboration with users and other systems in the practice, the participants in 
the process gain a better understanding of the directions that the new system 
may take. Development interventions such as the prototypes of the system are 
critical to deepening the understanding of the intrinsic demands, needs, and 
requirements of the work. The prototype systems should exhibit new 
technological possibilities in ways that show its usefulness and relevance to 
developers and users. This can only be made possible through an appreciation 
of the working practices of the users and through the prototypes rendering 
those practices. 

Suchman, Blomberg, Orr, and Trigg (1999) conclude with that the effort 
to develop a work-oriented design practice is based on the recognition that 
system development is not the creation of isolated and in themselves 
meaningful objects, but the culturally dependent creation of new forms of 
practice. As practice, technologies can be assessed only in their relations to the 
sites where they are developed and used. The success of the developed system 
rests on how extensive and adequate the analysis of the work practice has been 
in finding a place for it, amongst the plethora of other existing systems and 
tools. I tend to agree with this, however I must emphasize that we should not 
see analysis of work practice as separate from the actual development process. 
The development process is the very vehicle for exploring the work practice, 
within which the system will come to occupy both space and place. 

Vision-oriented 

Bratteteig and Stolterman (1997), in exploring the metaphor of a jazz group to 
illustrate desired qualities of group design processes, describe a perspective of 
design as vision-oriented. According to them, a vision-oriented design “departs 
from a problematic situation, an ill-structured problem area, and is oriented towards 
creating a future rather than solving present problems” (Bratteteig & Stolterman, 
1997, p. 307). They see the purpose of system design as formulating a vision 
of these changes, and to describe the vision in a concrete and precise manner, 
where the design process emphasizes vision creating rather than repairing 
current malfunctions, resulting in a set of specifications of computer systems 
and work processes. Bratteteig and Stolterman stress that: “the result of the 
design process depends on the designers’ ability to visualize possible future situations, 
transcending the limits of the present situation” (Bratteteig & Stolterman, 1997, 
p. 293). 

To Bratteteig and Stolterman (1997), drawing on Stolterman (1991a), 
design is to be understood as a process that includes three levels of 
abstractions, from the most abstract to the most concrete level: the vision, the 
operative image, and the final design specification. All these levels are present 
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during the whole design process in a continuous dynamic interplaying manner 
to varying degree, informing and delimiting each other. 

According to Bratteteig and Stolterman (1997), the “vision” of the design 
solution, often originating early in the project, is a distant visual or conceptual 
idea of what is possible. It may be a crude or imprecise idea of a structure, a 
particular functionality, or a certain choice of technology, containing 
contradictions and logical impossibilities. Drawing on Schön (1987), they see 
the design process as “naming and framing”, where the vision serves to guide 
the designer, restricting the range of possibilities in the design process. It 
becomes a means or handling and navigating the seemingly infinite range of 
possibilities and amount of information of the design situation. 

To Bratteteig and Stolterman (1997) the “operative image” is an attempt to 
an externalized proposition of the design solution, influenced by and 
influencing the vision, residing outside the imagination of the individual 
designer. Thus, it becomes an object of communication and subject to 
refinements, restructuring, redefinition, and to actual manipulation. Once the 
operative image becomes stable enough it will serve as a basis for the 
formulation of a first final design specification attempt. 

According to Bratteteig and Stolterman (1997), the final “design 
specification” is a detailed specification of the future system, constituting the 
basis that the ensuing construction and implementation of it departs from, 
which may in turn modify or change the specification. The specification 
includes descriptions of the final computer-based system’s structure, form, and 
plans for its implementation in the use context. 

To Bratteteig and Stolterman (1997), the operative image in group-design 
is an outcome of the conversation between all of the involved designers, giving 
light to a number of perspectives in varying ways. The resulting design 
emerges from a process of mutual explanation and understanding that goes 
beyond an individual’s competence yet at the same time preserving it, 
emphasizing that the vision or the operative image need not to be viewed in 
the same manner. Here, the specification becomes “a translation of the operative 
image to a language in which the material conditions for the design are expressed” 
(Bratteteig & Stolterman, 1997, p. 297), serving as a prescription for 
constructing and realizing the final design. 

This vision-oriented perspective of the design process is further expanded 
upon by Löwgren and Stolterman (2004) in their work defining “thoughtful 
interaction” as a perspective on design of information technology. 

Knowledge-oriented 

Within a knowledge-oriented development practice one should be concerned 
with issues dealing with how knowledge sharing and learning is addressed in 
the development or design situation between all actors involved in creating a 
shared understanding and vision of the final design solution. 
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There exist several different strands, which could be classified as 
knowledge-oriented in relation to system development and implementation, 
possibly by being either influenced (or inspired) by participatory design 
traditions, knowledge management theories, or design theoretical guidance 
attempts. Here I will mention three such representative works: Pries-Heje and 
Dittrich (2009) on addressing knowledge integration in ERP 
implementations; Dakhli and Chouikha (2009) on addressing the knowledge-
gap in software engineering; and Hardless and Lindgren (2005) in developing 
a general design framework for competence development systems. 

The work of Pries-Heje and Dittrich (2009) may be viewed as an example 
of work inspired by participatory design traditions or discourse. In trying to 
address problematic issues related to ERP implementation, surfacing during 
and after its introduction, they argue that ERP implementations must be 
understood as a socio-technical design process. As such, it requires knowledge 
integration across many different domains and appropriate activities of 
knowledge integration that are necessary to undertake, with strong user 
participation, to be successful. To further their argumentation, Pries-Heje and 
Dittrich make use of the work of Kensing and Munk-Madsen (1993) on a 
model of user-developer knowledge communication in system development. 
The model of Kensing and Munk-Madsen highlights areas or domains of 
knowledge in the design situation that must be addressed by users and 
developers for successful system development. 

Here, Pries-Heje and Dittrich (2009) used the model of Kensing and 
Munk-Madsen (1993) as an analytical instrument to look upon how different 
knowledge integration activities were supported in a case of ERP-
implementation and adaption as an explanation to what went wrong or was 
problematic in the process. Pries-Heje and Dittrich used the model of 
Kensing and Munk-Madsen in three ways. First, they used it as a lens to 
understand which knowledge categories need to be involved when 
implementing ERP. Second, they used it as a way to identify who develops the 
knowledge belonging to these different categories, and when this occurs. 
Finally, they used it as a way to analyze if, and how, the different knowledge 
categories are integrated in the ERP implementation process. Although Pries-
Heje and Dittrich claim that their analysis, using the model of Kensing and 
Munk-Madsen, was successful, the question remains whether their findings 
could be used in a more general prescriptive manner for other ERP 
implementation situations. I will return to the work of Kensing and Munk-
Madsen later in this chapter. 

The work of Dakhli and Chouikha (2009) may be viewed as an example of 
work inspired by research efforts on knowledge management and knowledge 
management systems, such as Nonaka (1994), Nonaka and Takeuchi (1995), 
and Alavi and Leidner (2001). 

In arguing for a view on software systems as an accumulation of knowledge 
Dakhli and Chouikha (2009) try to address the so called “software crisis”. 
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They do so by pointing out that it is caused by the inability of traditional 
software and requirements engineering approaches, to properly bridge 
knowledge gaps, i.e. discrepancy between knowledge integrated in software 
systems and the knowledge owned by organizational actors. Dakhli and 
Chouikha seek to address this through an integration of knowledge 
management practices into the software development process, thereby 
reducing such knowledge gaps. To Dakhli and Chouikha, the effectiveness of 
knowledge integration into a software system determines its quality and value 
to the users, and to reach this integration it is paramount to build a common 
vision of the future system shared by all of the organizational actors concerned 
with the system. 

To achieve this end, Dakhli and Chouikha (2009) propose a cooperative 
framework or a meta-lifecycle model of software development that integrates 
knowledge engineering activities, such as gathering, storage, combination, 
transformation, and transfer, that seems much inspired by the “knowledge 
creation spiral” of Nonaka (2004) and Nonaka and Takeuchi (2005). Here, the 
meta-lifecycle model directs the development process through stages such as 
discovering the problem knowledge, understanding this knowledge and 
building a shared vision of it, constructing a common vision of the software 
solution, and assessing it. 

Although attempts in this direction are noteworthy, they seem to represent 
a traditional software engineering approach, informed by knowledge 
management theories. These attempts seem to take a view of knowledge in the 
development process as an organizational property, i.e. a property that is 
possible to objectify and treat as a commodity. In chapter 5, I will return 
further to this view on knowledge in the practice. 

The work of Hardless and Lindgren (2005), see also Hardless (2005), may 
be viewed as an example of work inspired by design theoretical guidance 
attempts, such as Markus, Majchrzak, and Gasser (2002) on design theoretical 
guidance for building systems supporting emerging knowledge processes. 
Thereby, they follow in the footsteps of the work of Walls, Widmeyer, and El 
Sawy (1992) on design theoretical guidance for building vigilant EIS. 

In addressing the issue of how to design competence development systems 
for project management, so that effective support of competence development 
may be achieved within a work context, Hardless and Lindgren (2005) build a 
design theory for information systems based on situated learning theories. 
What is interesting to me is the cultural perspective they take on learning, 
addressing the nature of learning in a work context. The kernel theory used in 
their design theory draws on situated learning theory (Lave & Wenger, 1991), 
theory of tacit knowing (Polanyi, 1958), social constructionism (Berger & 
Luckmann, 1966), constructivistic learning theory (Leidner & Jarvenpaa, 
1995), and organizational learning theory (Senge, 1990). 

The work of Hardless and Lindgren (2005) is a noteworthy attempt. 
However, the design principles of their design theory do not seem to address 
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explicitly issues concerning of knowledge sharing and learning in the 
development process of computer-based support systems, as is more apparent 
in the work of Markus et al. (2002). Rather, they seem to concern the actual 
competence development process as such, i.e. how it should be designed and 
organized to support the competence development within a work context. 
Unless we see a computer-based system development process as competence 
development project, which might be possible, I find that the attention given 
here to issues of knowledge sharing and learning in the actual development 
and design situation is not enough. I will return to information systems design 
theories and the work of Markus et al. (2002) in chapter 5. 

2.4.2 Situated design 
The concept of situated design is not an approach to system design as such. 
Rather, it is a recognizing that the characteristics of the work practice and our 
evolving understanding of the same dictate, or shape, the conditions for 
design, and not vice versa. If the work practice is fuzzy and explorative, then 
so is the process of designing computer-based systems to support it. It is about 
recognizing that design or development may not be seen as a predefined 
activity where all the goals are known in advance, but they emerge as the 
process winds its way forward, defined by the activities performed in the 
situation. 

The concept of situated design is not a widely used term in the literature to 
describe the above. To help us understand it, I will draw upon the work of 
Reffat and Gero (1999), and Gero and Kannengiesser (2004; 2008) on 
situatedness of design; Büscher, Gill, Mogensen, and Shapiro (2001) on 
“bricolage” as perspective on situated design; and Lueg and Pfeiffer (1997) on 
a situated design methodology. 

As a reaction to the rationalistic view on designing that tries to reduce it 
into a pure engineering endeavor, Reffat and Gero (1999) paint us a different 
picture of the design process. They view designing as a situated activity, a 
series of situated acts, where designers interact with their design environment 
and objects within it, bringing with them prior experience to the particular 
situation, which cannot be preplanned as designers do not know in advance 
what will be available at the moment in the situation. To Reffat and Gero 
(1999), designing exists only in relation to situations and design knowledge 
cannot be understood or explained in isolation from its situation. They see 
goal states as hard or impossible to define, where the best to hope for is often 
candidate goals states as a result. Designers do not always know in advance 
what particular set of states they would end up in, how their actions might 
enfold, and what their results might achieve. They “travel among different 
surroundings in the environment in relation to the goal state in which these relations 
might change and their effect might lead to different situations” (Reffat & Gero, 
1999, p. 253). 
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Here, Reffat and Gero (1999) draw upon Schön’s (1983) view on the 
design process as “reflection in action”, where designers are active in 
structuring the problem, and evaluating their actions in structuring and solving 
the problem, i.e. representing or framing a problem in certain ways, refining 
these to an approach of a solution and reflecting upon these refinements. 
However, Reffat and Gero (1999) also draws upon the concept of situated 
learning from different sources such as Suchman (1987), Brown, Collins, and 
Duguid (1989), and Lave and Wenger (1991), to point upon the fact that 
knowledge in and of the design situation is situated as it may only be captured 
and associated with the specific design situation. Further, they claim that 
knowledge about the objects in the design situation can only be understood as 
relations between these objects and the social or physical situations rather than 
simply a property of the objects. According to Reffat and Gero (1999), 
situated knowledge could be seen as a reflection of a situated activity. 

Gero and Kannengiesser (2008), in building upon Reffat and Gero (1999), 
draw further upon the work of Schön (1992) on designing as a reflective 
conversation with the materials of a design situation. A designer’s view and 
understanding of the current design may change, as a result from creating and 
interpreting representations of the design. Gero and Kannengiesser (2008) 
point out that Schön’s (1983; 1987) concept of “reflection-in-action” may here 
provide us with a frame for understanding how a designer’s interactions affect 
both what is designed and the designer’s experience. 

Gero and Kannengiesser (2004) have extended the function-behavior-
structure framework of design objects of Gero (1990) into a situated 
framework of designing in order to account for the dynamic character of the 
context in which designing takes place. They see designing as an activity 
where the designers perform actions in order to change the environment, 
observing and interpreting the results of their actions, and deciding on new 
actions to be executed on the environment. Here, they modeled the 
situatedness in the design situation by introducing three different kinds of 
environments, or worlds, that recursively interact with one another, see Figure 
2-4 below. These worlds are the external world, the interpreted world, and the 
expected world. 

According to Gero and Kannengiesser (2004), the external world is the 
world that is composed of representations outside the agent of design. Gero 
and Kannengiesser (2008) elaborate further by stating that this world is the 
designer’s medium for communication, either with other designers or with the 
designer themselves. They claim that it is this later form of communication 
that corresponds to Schön’s (1992) concept of “reflective conversation with the 
materials of a design situation”. Here, the “materials” are represented in the 
external world and include iconic and symbolic representations of the design 
object. 
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Figure 2-4: Situated designing as the interaction of three worlds (adapted from Gero & 

Kannengiesser, 2004, p. 377) 

According to Gero and Kannengiesser (2004), the interpreted world is the 
world that is built up inside the agent of design in terms of sensory and 
perceptual experience, and concepts, i.e. internal and interpreted 
representation of the part of the external world with which the designer is 
interacting. Gero and Kannengiesser (2008) elaborates further by claiming 
that this world corresponds to what Schön (1992) calls the “design world”, 
where objects and relationships of a design are constructed and reconstructed 
by the designer, depending upon his or her unique experience. 

According to Gero and Kannengiesser (2004), the expected world is the 
world that the imagined actions of the agent of design will produce effects that 
may be predicted according to current goals and interpretations of the current 
state of the world. Gero and Kannengiesser (2008) elaborates further that this 
world corresponds to the designer’s current design state space, where all 
potential design solutions are currently considered by the designer. Gero and 
Kannengiesser (2008) point out that this world is located within the 
interpreted world, since all goals and expectations may be viewed as 
interpreted representations of potential future designs. 

Gero and Kannengiesser (2004) further point out that these three worlds 
are recursively linked together by three classes of processes: interpretation, 
focusing, and action. 

To Gero and Kannengiesser (2004), interpretation means transforming 
variables sensed in the external world into interpretations of sensory 
experience, percepts, and concepts that compose the interpreted world. Gero 
and Kannengiesser (2008), drawing on Schön (1992), relates this process to 
the notion of “seeing” and “world making”, i.e. designers based upon what 
they perceive of objects and relationships in the design situation creates a 
world wherein he or she functions. 

To Gero and Kannengiesser (2004), focusing means taking aspects of the 
interpreted world and using them as goals in the expected world to suggest 
actions, which if executed in the external world should produce states that 
reach the goals. Gero and Kannengiesser (2008) point out that this process 
uses the results of qualitative judgments. They continue with that, if the 
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interpretation is judged to be of use or required for the current design task, 
this process integrates it into the design state space. 

To Gero and Kannengiesser (2004), action entails those resulting effects 
that bring about a change in the external world, according to the goals in the 
expected world. Gero and Kannengiesser (2008), drawing on Schön (1992), 
relate this process to what Schön would call “moving” in the “seeing-moving-
seeing” sequence, where designers based upon what they perceive take steps 
towards a possible solution and then reflect upon the outcome. 

Although Gero and Kannengiesser (2004) have depicted the expected 
world as separate from the interpreted world, in explicitly delineating some 
important concepts and processes, it is, they point out, in reality located within 
the interpreted world. To them, these different worlds, connected to one 
another, form the design situation, where the dynamics of the situation stem 
from their interactions, and changes in one of the worlds may bring about or 
be brought about by changes in the other worlds. 

Büscher, Gill, Mogensen, and Shapiro (2001) draw upon the concept of 
“bricolage”, as introduced to us by Claudio Ciborra (1992), i.e. the reordering 
of people and resources, as defined by the situation in pursuit of better 
solutions. Büscher, Gill, Mogensen, and Shapiro (2001) propose it as a 
perspective or approach to designing of work support systems, involving users, 
designers, and ethnographers in a continuing cycle of design and revised work 
practice, where the understanding of the work context is based upon how 
work is achieved in communities of practice. Drawing on Suchman (1987), 
Büscher et al. (2001) recognize that social organization of work is constituted 
by the ongoing actions of the practitioners. Here, “the take-up, modification and 
rejection of technology in a work setting, and the accommodation of work practices 
that will take place around a developing technology, are radically unknowable and 
unpredictable” (Büscher et al., 2001, p. 22). 

Büscher et al. (2001, p. 23) describe “bricolage” as “‘designing immediately’, 
using ready-at-hand materials, combinations of already existing pieces of 
technology”. They see the challenge in design as using a better understanding of 
work practices, as defined above, to help organizations in navigating through 
the vast array of currently existing solutions in putting technologies into 
effective and immediate use, coupled with an assembling of other appropriate 
organizational resources and capabilities for the work practices. To Büscher et 
al. (2001), “designing immediately” implies the embarking upon a radically 
unknown journey, where each solution proposed must be tested and assessed, 
every step of the way, and only in hindsight is design obvious and 
straightforward. 

As a reaction to the technology-driven development approach of the 
rationalistic tradition, Lueg and Pfeiffer (1997) also seek a better explanation 
of human cognition based upon the notion of situatedness. Here, human 
cognition is considered to be emergent from the interaction of the individuals 
with the environment, i.e. from their involvement in the current situation. 
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Lueg and Pfeiffer (1997) see the system environment coupling as a 
prerequisite to cognition that cannot be abstracted away and individuals as 
situated agents, whose interactions with the environment are dependent upon 
their cognitive capabilities and experience. 

Lueg and Pfeiffer (1997) describe a methodology for design that take into 
account both the situation individuals are involved in, without being limited to 
the task at hand, and the environment in which the task is performed, 
recognizing the difficulty to predict how the current situation will develop 
further as new artifacts are introduced. The situated design methodology is 
roughly summarized as a process of five sequential steps (Lueg & Pfeiffer, 
1997, p. 126): 
1. “Development of a vision where you want to go.” 
2. “‘Analysis’ of the complete working situation; initialization of the process.” 
3. “Design of the initial system.” 
4. “Introduction of the system into the working environment.” 
5. “Evaluation; take into account new working environment; generate ideas about 

a new system.” 
 
Although, at first glance, the methodology may not look too much 

different from other approaches to design of computer-based systems, Lueg 
and Pfeiffer (1997) point out that the goal of the analysis step above is not to 
achieve a complete understanding of the situation but a better understanding 
of the issues involved and to initiate the process. As the situatedness, with its 
lack of objective descriptions, makes it impossible to predict the outcome of a 
change induced by the introduction of an artifact, Lueg and Pfeiffer (1997) 
stress that it is important that the initial system be quickly realized and 
introduced into the real work situation in order to determine whether it is 
helpful or not. Here the initial system, although small, must be fully functional 
if the effect of its use is to contribute to the overall vision and understanding 
of the evolving work practice. 

In order to achieve success of a project it is according to Lueg and Pfeiffer 
(1997) essential that induced changes in the work practice are periodically 
evaluated and reconsidered. Here, they suggest evaluation criteria, beyond the 
more obvious ones concerning usability, such as system usage, subjective 
evaluation, organizational changes induced by the usage of the system, and 
communication enabled or enhanced through usage of the system. 

Lueg and Pfeiffer (1997) admit that situated design may be seen as an 
instance of user-centered software design. However, the situated design 
methodology additionally aims to initialize a process of continuous learning 
and change rather than focusing merely on product development. Their 
situated design methodology is further elaborated in Müller and Pfeiffer 
(1997). 

An approach to system design (or development) that seems to have 
tangential points to our emerging concept of situated design is “Contextual 
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design” of Beyer and Holtzblatt (1998). It is a user-centered system (or 
product) development methodology recognizing that any system embodies a 
way of working, integrated in existing work contexts and practices. Therefore, 
it is imperative to gather data from customers in the field where the people are 
living and applying the findings into the final product (or system). 

Contextual design is a highly structured and formal approach, seemingly 
best suited when approaching a complex design task with highly diversified 
users. It has a strong customer or product focus, i.e. getting what the 
customers want and hoped to be in need of, keeping at the forefront the 
question of what matters to the people so that they would “buy” the product 
(or system) that is developed. It sets in motion a change process, through work 
modeling and redesign, but it is not explicitly focused on learning as such as 
goals are clear, focusing on how current work is performed and may be 
improved by the new system. However, what is interesting with this 
methodology is its strong emphasis on a thorough understanding of the 
context of the work practice, which the goal system is to be integrated in, that 
may only be arrived at by observing the practice in motion, i.e. in situ. 

The contextual design methodology of Beyer and Holtzblatt (1998) is 
roughly outlined as these seven phases: 
1. Contextual inquiry – gathering detailed information about the customers 

and their work practices by observing and talking about their work in 
action, using or taking an ethnographical approach in understanding how 
and why something is done or why something is not done. Contextual 
inquiry as technique for participatory system design has been investigated 
in Holtzblatt and Jones (1993). 

2. Work modeling – capturing and analyzing the work of individuals and 
organizations in detailed diagrams to provide different perspectives on how 
work is performed. 

3. Consolidation – bringing data from individual customer interviews 
together to reveal common patterns and structures, taking care not to lose 
individual variation. 

4. Work redesign – using consolidated data to drive conversations about how 
to improve work by using technology to support the new work practice. 

5. User environment design – capturing the floor plan of the new system that 
shows each part of the system, how it supports the user’s work, exactly 
what function is available in that part, and how the user gets to and from 
other parts of the system. 

6. Test with customers – testing the design ideas with paper, or more 
advanced, prototypes before implementation. Thus gaining feedback that 
might result in further analysis in earlier phases and further the design. 

7. Putting it into practice, i.e. implementing the goal system. 
 
As we see, situated designing is not a new methodological approach to 

designing better and more efficient computer-based systems. It is a 
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recognition of the situatedness of everyday work, what that means for the 
designing of systems supporting such work, and that the design situation and 
the work practice are intertwined in a continuous cycle of reflection and 
refinement in approaching the vision of the sought solution. Situated design 
entails a view of designing as using the means ready at hands to tackle the 
needs of the current situation as it enfolds, and observing the effects the 
introduction of artifacts, i.e. the embodiments of our current understanding, 
have on the work practice and how that may come to further our 
understanding. This view of designing is one that I strongly agree with. 

To conclude our understanding what it means to take a situated approach 
to design in contrast to a rational one, one may indulge oneself with the 
comparison offered by Suchman (1987) of European versus Trukese 
navigation across the open sea. Here, the European navigator epitomes the 
ideal of a rational approach as he sets of with a course pursuing tirelessly goal 
after goal under the guidance of an overall premeditated plan, directing all his 
efforts to stay on course (following the plan). The European navigator, our 
rational designer, sets of with an abstract plan based upon fundamental 
principles, such as objective descriptions, a plan that essentially ignores local 
events and occurrences in the sea. Taking into account changing 
circumstances, the plan must first be altered and then acted upon accordingly. 
The Trukese navigator, in contrast, does not sail under the directions of a 
premeditated plan. He has an objective (a vision) but no plan. His behavior is 
modified as his local environment is altered by the waves and wind, the 
current and tide, and so forth. Moving from one local event to the next by 
taking actions adapted to particular concrete circumstances in the situation, 
directing his efforts to reach the objective. 

2.4.3 Design knowledge 
Knowledge in the design situation is an elusive concept, yet we instantly 
recognize that design is about transformation of knowledge, i.e. transforming 
the current understanding of the wants and needs of the situation at hand 
(work practice) and the possibilities of technology (materials) into a 
manifestation of an artifact (a system). However, this emphasizes the question 
of what this knowledge is, and how we are going to talk and think about it if 
we cannot name it and frame it. It is obvious that we need a vocabulary with 
which we dress the phenomena. For this reason, I turn to the work of Kensing 
and Munk-Madsen (1993) who have contributed much in this direction. In 
coming from the participatory design tradition, they explore areas or categories 
of knowledge communication between users and developers in the design 
situation. 

Here I will present and give an account of the work of Kensing and Munk-
Madsen (1993), and specifically their model of user-developer knowledge 
communication in the development process. The model covers knowledge 
communication activities related to analysis and design in the development 
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process of a computer-based system, where, according to Kensing and Munk-
Madsen, the goal is to produce documents and knowledge enabling decision-
making in relation to the system and its environment. 

Seeing communication as a key issue in collective activities such as system 
development Kensing and Munk-Madsen (1993) criticize traditional models 
of user developer communication that often rely upon on written system 
descriptions based on formalized languages, created at one place and sent to 
another, akin to the “metaphor of the tube for communication” of Maturana and 
Valera (1992, p. 196). Developers and users successful communication relies 
upon or is determined by the sender’s ability to form a rigorous message. Still, 
there is no guarantee that the message will be understood correctly by the 
recipient however rigorously formed, as Kensing and Munk-Madsen state, 
which may explain many communication paradoxes while using even the most 
promising techniques. 

Drawing on Maturana and Varela (1992), Kensing and Munk-Madsen 
(1993) sketch an alternative model of communication that focuses on those 
involved in the development and their prerequisites, where the success of 
“communication depends on not what is transmitted, but what happens to the person 
who receives it” (Maturana & Varela, 1992, p. 196). Here, Kensing and Munk-
Madsen state that “when people communicate, the speaker’s words may trigger a 
change of state in the listeners” (Kensing & Munk-Madsen, 1993, p. 79). To 
Kensing and Munk-Madsen “successful communication depends on the ability to 
establish situations in which mutual perturbations trigger changes in the state of 
those involved, which in turn lead to structural congruence (social coupling) among 
communicating partners … communication is created by people who interact” 
(Kensing & Munk-Madsen, 1993, p. 79). 

Kensing and Munk-Madsen (1993) see design as a bridge-building activity 
or process that creates something new, the system, out of two separate 
domains: the user’s present work; and the technological options available, as 
illustrated in Figure 2-5. 

Design process

Users’ present 
work

Technological 
options

New system
 

Figure 2-5: Three domains of discourse in the design process (adapted from Kensing & 

Munk-Madsen, 1993, p. 80) 

Here users are seen as having knowledge of their present work and of 
organizational options, and developers are seen as having knowledge of the 
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technical options available. According to Kensing and Munk-Madsen (1993), 
these knowledge domains are what we are to expect that users and developers 
have at the starting point of the development process, which is all they really 
need, and these must be developed and integrated for the design process to be 
successful. 

The model of Kensing and Munk-Madsen (1993), deals with three 
domains of knowledge: the user’s present work; the technological options 
available, not only the technology as such but also the work organization; and 
the new system and changes in the content and the organization of the users’ 
work. The model deals with these domains both from an abstract and concrete 
level. Kensing and Munk-Madsen point out that abstract knowledge is needed 
to gain an overview of a knowledge domain and concrete experience is needed 
to understand the abstract knowledge. Thereby six knowledge areas are yielded 
as shown in Table 2-6. 

Table 2-6: Six areas of knowledge in user-developer communication (adapted from 

Kensing & Munk-Madsen, 1993, p. 80) 

 Users’ present work New system Technological options 
Abstract 
knowledge 

Relevant structures on 
users’ present work (2)

Visions and design 
proposals (5)

Overview of technological 
options (4)

Concrete 
experience 

Concrete experience with 
users’ present work (1)

Concrete experience with 
the new system (6)

Concrete experience with 
technological options (3) 

 
According to Kensing and Munk-Madsen (1993), the six knowledge 

domains of Table 2-6 are defined as follows: 
 Concrete experience with users’ present work is necessary for the developers to 

understand and produce structured descriptions of representations of this 
work, and to judge their relevance. Here, Kensing and Munk-Madsen 
point out, developers cannot rely solely upon the users talking about their 
work or requirements specification, but must experience them in action. 

 Relevant structures on users’ present work provide a common and rigorous 
language in which users and developers can communicate, showing the 
present situation in the user organization, and used to identify desired 
changes and evaluate consequences of proposed designs. 

 Concrete experience with technological options enables users to play an active 
role in the development process by stimulating their imagination and 
giving them a better understanding of abstract descriptions of technical and 
organizational solutions. Nevertheless, Kensing and Munk-Madsen point 
out, it is equally important to developers to gain experience with 
organizational options if they are to play an active role in designing the use 
of technology in the organization and understand the users. 

 Overview of technological options provides input of technical and 
organizational ideas into the design process for the developers in order to 
ensure that the new computer system and the new organization fit 
together. 
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 Visions and design proposals are descriptions that are developed through the 
lifetime of the project, documenting the progress and forming the basis for 
renewed contracts, and as such must be understandable to the users. In 
order for them to make decisions and assign priorities, they need abstract 
descriptions of the new computer system and the organization in which it 
is going to be implemented. 

 Concrete experience with the new system enables users to understand abstract 
descriptions of the new system, and experience how it comes to meet their 
needs. Such experience is also important to the developer in order to check 
whether the new system meets the descriptions. 

 
Kensing and Munk-Madsen (1993) go on to define areas of knowledge 

that must be acquired by either the users or the developer during the 
development process, and point out the responsibilities and role of the 
developer with regard to this. 

Here, Kensing and Munk-Madsen (1993) first point out that it is the 
responsibility of the developers to help the users in developing relevant 
structures on users’ present work, visions and design proposals, and concrete 
experience with the new system. Abstract descriptions are needed for the users in 
order to evaluate design proposals and make decisions about accepting or 
rejecting them, and for them to take an active role in the design process. 
However, Kensing and Munk-Madsen state, users need concrete experience 
with the new system before they can understand abstract descriptions of it. 

Kensing and Munk-Madsen (1993) also point out that it is the 
responsibility of the developers to develop visions and design proposals, relevant 
structures on users’ present work, and gain concrete experience with users’ present 
work and concrete with the new system. Developers must understand abstract 
descriptions of the new system since they are major intermediate results, and 
relevant structures on users’ present work in order to identify and evaluate 
desirable changes. Having concrete experience with users’ present work, in order 
to understand and produce descriptions of relevant structures on the users’ 
present work, enables them to better communicate with the users, and 
understand events in the users’ organization. Having concrete experience with 
the new system is necessary in order for them to be able to test and evaluate it. 

Kensing and Munk-Madsen (1993) conclude with that all areas of 
knowledge communication must be dealt with in any normal system 
development process to be successful. 

At the end of their work, Kensing and Munk-Madsen (1993) presents us 
with a “toolbox” of different tools and techniques that may be used, in concert 
or by themselves, to support or facilitate user-developer knowledge 
communication in the design situation. An interested reader may turn to their 
work (Kensing & Munk-Madsen, 1993, p. 81) for an overview. They caution 
us that these techniques and tools must be adapted to the particular system 
development situation and not be taken as-is. One conclusion they draw in 
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their work, in relation to the “toolbox”, is that traditional system development 
methods only seem to be dealing with area 2 and 5 of their knowledge 
communication model, see Table 2-6, resulting in abstract descriptions that 
ignore concrete experience of user work and computer technology. This 
inadequacy of traditional approaches could very well be the answer to why 
system development efforts fail as consequence of that users and developers 
did not fully understand each other. 

Although the work of Kensing and Munk-Madsen (1993) may seem to be 
prescriptive, i.e. pointing out different techniques and tools to be used in 
different situations of knowledge communication in the design situation, it 
may also provide us with a means to help us focus upon areas of knowledge 
communication or integration activities in the design process. It may help us 
to understand not only what areas are important to pay attention to but also 
when. 

In the work of Pries-Heje and Dittrich (2009) this has been precisely the 
case. They have used the model of Kensing and Munk-Madsen (1993) as an 
analytical instrument to look upon how different knowledge integration 
activities were supported in an ERP-implementation and adaption as an 
explanation to what went wrong or was problematic in the process. Although 
it may not be apparent that an ERP implementation may be regarded as 
design, they argue that one must understand it in terms of a socio-technical 
design process, requiring knowledge integration across several domains, to 
recognize that appropriate knowledge integration activities are necessary to 
undertake, with strong user participation, for it to be successful. 

Pries-Heje and Dittrich (2009) uses the framework, or model, of Kensing 
and Munk-Madsen (1993) in three ways. First, they use it as a lens to 
understand which knowledge categories need to be involved when 
implementing ERP. Then, they use it as a way to identify who develops the 
knowledge belonging to these different categories, and when it is developed. 
Finally, they use it as a way to analyze if, and how, the different knowledge 
categories are integrated in the ERP implementation process. From the six 
knowledge domains, see Table 2-6, Pries-Heje and Dittrich analyzed five 
knowledge integration areas: integrating knowledge domain 1 and 2; 
integrating knowledge domain 3 and 4; integrating knowledge domain 4 and 
5; integrating knowledge domain 2 and 3; and bridging knowledge domain 5 
and 6. 

Pries-Heje and Dittrich (2009) found the model to be very helpful in 
identifying knowledge integration related issues. When combining it with a 
process perspective it came to highlight that knowledge for design developed 
over time and by different actors. Especially the role of the actors was 
highlighted in their work. Here they showed that more actors were involved 
than originally anticipated in the model, their role in the implementation 
process changed over time, and that no single actors covered all knowledge 
areas at the same time. Due to the latter, Pries-Heje and Dittrich point out 
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that, it is important to find ways to mediate knowledge integration within a 
heterogeneous group of actors involved. 

Even though the work of Pries-Heje and Dittrich (2009) was based on a 
single case study and that ERP implementation situations may differ, which 
they readily admit, they still believe that the knowledge related issues 
identified in their research may apply to other similar situations. 

Now, the work of Pries-Heje and Dittrich (2009) shows promises, not 
because ERP implementation processes are any concern in this work. Rather, 
it shows the potential of the model of Kensing and Munk-Madsen (1993) as 
an analytical instrument, a means to focus upon areas of knowledge 
communication activities, and as a vocabulary to talk about and understand 
these in the design situation. 

The work of Kensing and Munk-Madsen (1993) is also used as an integral 
part of the MUST method’s repertoire of tools and techniques for data 
gathering in an IT design project (Bødker, Kensing, & Simonsen, 2004). Here 
it is used to gain concrete insights into the users’ experience of present work 
practices, of technological options, or of newly proposed systems. 

In the work of Kensing and Munk-Madsen (1993) I do not only find a 
necessary tool or instrument to focus upon which knowledge communication 
domains and activities are important to address, and when, but also a 
vocabulary and frame to express myself within. Here, it is possible to use their 
model or framework, inspired by how Pries-Heje and Dittrich (2009) have 
used it in their own work, in several ways. It may be used as a lens to 
understand or highlight which knowledge domains need to be addressed in 
designing computer-based systems. Then, it may be used as a means to 
identify, or clarify the role and responsibility, of who develops the knowledge 
belonging to these different domains, and when to develop it. Furthermore, it 
may be used as a means to analyze if, and how, the different knowledge 
domains are integrated in the design situation or process, and what activities 
support this. 

2.5 Summary 
As I have pointed out in chapter 2.1, in my view, and within this thesis, 
designing and developing systems is designing and developing computer-based 
artifacts (tools) supporting work. I do recognize that system development to 
others could be about many other things and have other purposes, such as a 
means to effect organizational change, to mediate political situations, or solve 
organizational problems, and so forth. However, here it is primarily about 
artifacts supporting work, being an integral part of the work practice and only 
making sense within the same, where such aforementioned purposes of the 
development process may be recognized but are secondary. 
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The theoretical accounts in chapters 2.2 and 2.3 are used to position myself 
within the landscape of system design and development, and make my 
standpoint clear. I admit that the landscape is not exhaustively mapped, but 
enough of significant landmarks have been recognized for a substantial 
orientation. I must make clear that, although I was brought up within a 
rationalistic tradition seeing system development as problem solving through 
the construction of computer-based solutions, I position myself today more 
with those approaches that favor human-centeredness with strong user 
participation in the Scandinavian tradition. Here, I favor the perspectives of 
development that falls within Hirschheim and Klein’s (1989) paradigm of 
social relativism, seeing the world as relatively ordered but our knowledge of it 
highly subjective, and Fallman’s (2003) pragmatic perspective, seeing the 
design process as iteratively interpreted and situated. Within Scandinavian 
traditions, as talked about by Bratteteig (2004), I feel more comfortable with 
both the work process and organizational change perspective, seeing that the 
emphasis must lie on the actual development process, situated within an 
organizational context. 

Within chapter 2.4 are presented theoretical and scholarly work that I 
bring with me, which have an influence on my work or to which I relate my 
work. They are a consequence and continuation of how I position and relate 
myself to the landscape of system design and development, accounted for in 
chapter 2.2 and 2.3 and discussed above. From chapter 2.4.1 of development 
orientations, I bring with me the wisdom of Suchman, Blomberg, Orr, and 
Trigg (1999). I do not make explicit use of it, but it permeates my viewpoint 
and understanding throughout the thesis that systems can only be assessed in 
their relation to the sites of their development and use. The vision-orientation 
of Bratteteig and Stolterman (1997) I do bring with me into chapter 4, and 
use it in the laying of the initial model. From knowledge orientation I take 
heed of the work of Pries-Heje and Dittrich (2009) as an inspiration in 
chapter 7. The other knowledge-orientations are returned to in chapter 5 for 
further elaboration. From chapter 2.4.2 on situated design I take heed of the 
work of Gero and Kannengiesser (2004; 2008). I refer to their work in chapter 
4 when laying the initial model. The other theoretical accounts are not used 
directly in the thesis, but are presented to broaden our understanding of what 
situated design may mean, and to contrast the work of Gero and 
Kannengiesser. The entire chapter 2.4.3 on design knowledge is directly used 
in chapter 7 when I elaborate further upon the final model. 
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3. FRAME OF RESEARCH 

I cannot claim that I have followed a conscious pre-planned methodological 
approach to my research. The research process has more or less taken its own 
explorative course. However, this is not the same as stating that I have not 
been influenced by anything all. Several research and development traditions, 
as well as perspectives, have come to have an important, however subtle, 
impact on how I have performed my research and my development work. The 
ambition of this chapter is to describe my research process and give an account 
of the research perspectives that has come to have the greatest influence on my 
work. 

In chapter 8, I will return my research process to reflect upon and discuss 
how the different research perspectives have permeated and guided my work, 
as well as what we may learn from this. 

3.1 Research process 
For the sake of clarity I begin by presenting a figure of my explorative 
endeavor, see Figure 3-1 below. In the figure, I have also depicted the 
different chapter of the thesis where the issues are mainly discussed or treated. 
I will return to this figure on numerous occasions, in describing how the 
research has evolved, by referring to the chapters of the thesis where the 
“drama” is played out. 

Every journey must begin from somewhere and be located within some 
place, even though that some place may be a very wide stretched area, and 
hopefully not end in a nowhere, which Suchman (2002) probably would agree 
with. Looking upon my research process as a journey, my place of departure is 
founded upon my preconceptions of what development work is all about, as 
pointed upon in both chapter 1 and 2, and what research approaches might be 
useful in the search of some form of truth. 
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Figure 3-1: Research process (with thesis chapters) 

Now telling this a story of my journey from the beginning, and relating it 
to Figure 3-1, may not be the best way to go about. We might lose the focus 
of where the explorative path is taking us. It is better to begin from the end, 
point out what I have arrived at, and then retrace my steps from the point of 
departure. 

What have my research, or this journey, come to? I present in this thesis a 
conceptual model of situated design of computer-based systems supporting 
knowledge work. The aim of the model is to help make visible several 
important aspects of the design practice. It reveals to those involved, e.g. users 
and developers as well as other stakeholders, how they are to understand and 
relate to the design process. It furthers the understanding of what to expect in 
terms of commitments and efforts it takes to perform design work, and what is 
the nature of the roles and responsibilities of those involved. It makes clear 
that the design process is highly situated. That it cannot take place outside the 
work context, but in close interdependent relationship. It is designing within 
the living work context, not design for an objectified one. Last, it reveals the 
necessity to recognize that design work cannot be planned as a pure 
engineering endeavor. One must make room for the unexpected as more is 
learned of the nature of the work context. 

Now this is what I arrive at, and the question is of course, how did this 
come about? What made me want to set myself upon a journey that landed me 



 

53 

in this strange land? Perhaps the land is not strange at all, as I had set my aim 
for these foreign shores rather early on. The idea of describing the design of 
systems as a situated process heavily embedded in the work context to reflect 
better the conditions for such work and further our understanding grew out 
from the first development project I became involved in, the first development 
project described in chapter 4. 

As many scholars, I am of course, burdened by heavy traditions in and 
preconceptions of system development work and research activities in relation 
to this. To me, my research journey begins with a background in traditional 
system development through the schooling during under-graduated studies in 
becoming a professional developer. That schooling was rooted in traditional 
engineering approaches to development where you more or less, in a linear 
process, move from capturing of user requirements to a delivered system. 
Thus, I was wearing a certain type of spectacles when viewing the world. Of 
course, other approaches had been introduced to me, such as Scandinavian 
approaches of participatory design, and I had been informed of action oriented 
methods or approaches as means of capturing the truth out there. 

Soon after completing the under-graduate studies, I came to be involved 
within a research project aiming to develop some form of “soft” decision 
support system for security officers at major telephone company in Sweden, 
Telia, described in chapter 4. This project was the first encounter with a 
reality of development work that did not match my preconception of how such 
work should be performed. As Figure 3-1 depicts, into the first development 
project were carried with me both preconceptions of development work and 
research traditions or perspectives I had been acquainted with. 

The experience gained from the first development project was indeed 
disturbing to me, in the sense that I felt very much unprepared for what 
working as a developer meant under those conditions. I was not prepared to 
work this close to the users, and their work context. I was not prepared that 
requirements, i.e. what they really wanted, came to evolve as they did. The 
work on the first development project left me with a sense that the nature of 
system design in such a context and under such conditions was not an 
altogether straightforward process. 

From the first development project, I arrived with experience and insights 
to development work that did not quite match my previous understanding. 
They came to make me focus upon the nature of the context of system design, 
i.e. the work situation, as a possible explanation why a traditional engineering 
approach was so ill suited in dealing with a design situation where 
requirements were so elusive, see chapter 5. I will in chapter 8 come back to 
and reflect upon this in relation to the resulting design model. In parallel, the 
experience also led me to summarize and draw an initial model of the design 
process or situation that better reflected the dynamics instead of a traditional 
linear approach. I felt a need to visualize the design situation and name its 
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constituents. However, even if I had a rough initial vision of what the design 
situation looked like, I still needed to confirm and refine it. 

The chance to do that did not come until the next project I became 
involved in, which was the second development project, described in chapter 6 
and explored in chapter 7. Yet another project into which I entered with my 
preconceptions of development work and burdened with research perspectives. 
However, these had now become somewhat more tempered by now. I did 
recognize the value taking a more situated action-oriented approach, seeing 
actions taken as dependent on how the situation enfolds, respecting the fact 
that not everything will play out at once, and demands of reality would 
congeal eventually. Experience from the first development project had made 
some form of impression. 

In the second development project, I came to work again in a very close 
relationship with the users, as is talked about in chapter 6. The design 
situation held here many surprising similarities with the first development 
project. Again, the system was developed within a knowledge work context 
with all of its characteristics, as explored in chapter 5. Again, the prototype 
under development came to serve as the instrument for navigating between the 
domain of applicability and technological possibilities and capture the tacitness 
of the work context. 

The experience from the second development project brought together 
with the experience from the first development project, congealed into the 
initial model, enabled me to revisit and refine my initial model of the situated 
design situation. Using design episodes from the second development project, 
I came to further explore and work out the inner mechanics, as treated in 
chapter 7, and strengthen the foundation of the model. These episodes served 
not only to refine the model but also to show it coming to live, to give it shape 
and provide a context. 

Towards the end of my research process, I come to reflect upon my work, 
presented in chapter 8. The reflection is some form of coming to terms with 
what it is I really worked out, how and why things have taken the shape they 
have, what could have, if possible, been done differently, and where all of this 
is taking me and my research. In relation to this reflection, I also discuss 
research validity and research approach. 

The conclusions drawn should perhaps not be presented in a chapter by 
themselves. It may look like the conclusions of my research are drawn first 
when I reach chapter 9, but that is not the case. They grew steadily out of the 
research process and are but summarized in the last chapter. 
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3.2 Method of research 
The mode of conducting my research is very much one of knowledge 
generation through reflecting, reflecting on my experience from the practice, 
and relating it to my theoretical understanding. 

It is not reflecting in the sense Schön (1983) talks about when introducing 
us to the concept of the reflective practitioner. Here, learning, knowledge 
generation, is seen as reflection-in-action, where at any given moment, when 
faced with a problematic issue, a practitioner usually connects with their 
feelings, emotions, and prior experience to attend to the situation directly, i.e. 
to act or respond “intelligently”. It is rather more like what Schön (1983) sees 
as reflection on action, at the end of the day, taking the time to reflect upon 
what occurred and what may be learned from that, i.e. to reflect upon what 
your knowing-in-action did achieve or had as consequences. 

I enter one project, reflect upon my experience, conceptualize my learning 
or understanding, then I enter the second project and the process is repeated. 
In doing this, I am following some form of Kolbian experiential learning cycle 
(Kolb, 1984). Kolb, drawing on John Dewey, Kurt Lewin, and Jean Piaget, 
sees experiential learning, i.e. learning through reflection on doing, as a 
continuous cycle of four phases: 1) concrete experiencing, from which 2) 
observations and reflections are made, leading to 3) the formation of abstract 
concepts and generalizations, and 4) testing of the implications of these 
concepts in new situations. 

Kolb (1984) characterizes experiential learning as a holistic continuous 
process grounded in experience, emphasizing the process and not the 
outcomes of the same. It entails the resolution of conflicts between 
dialectically opposed modes of adaption to the world (i.e. the opposing 
modes/phases in the cycle, to go from the concrete to the abstract, and from 
reflection to action). He sees it as a process of knowledge creation through the 
transformation of experience, as a transaction between the person (the learner) 
and the environment (the context). 

I will not go so far as to say that my research process followed this cycle to 
the letter, but there are similarities in the approach. One could say that I 
follow two such cycles within this work. It all starts with the concrete 
experiencing of the first development project, phase 1, on which I am making 
reflections and observations, drawing together my insights and experience, 
phase 2, leading to the first conceptualization, the initial model, phase 3. I am 
then skipping phase 4 in favor of entering the second development project, 
round 2 of the cycle, for the concrete experiencing of phase 1 again, leading to 
the more observations and reflections, phase 2, and elaborations upon the 
model, phase 3, and finally explorations of design episodes, phase 4. 

To reflect and to observe upon the two development projects, I must make 
clear where these come from. In order to give account of my concrete 
experience of the two projects, I must create narratives retelling what I 
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experienced, to make sensible my conclusions and the model I draw out. This 
is not done in the pure sense-making perspective of Weick (1995), even 
though he acknowledge storytelling as a powerful means to make sense of the 
practice, but to make my experience and reflections recoverable to an outside 
observer (Checkland & Holwell, 1998). 

In retelling the stories of the two projects, I am relying on several types and 
sources of data accumulated during the years of the two projects. In 
constructing the first development project narrative, I am relying on project 
reports and published papers (see bibliography), meeting agendas and minutes 
(both from formal project meetings and informal work group meetings), and 
other documents from the project, such as specifications, informal notes, 
presentations. In addition, I rely upon the system in itself, although not many 
versions remain today to contribute to the story of how it grew and evolved. 

In constructing the second development project narrative, I am relying on 
many of the written internal technical reports (that never reached an outside 
audience), and published conference papers and book chapters (see 
bibliography). Within the second development project as a whole, a wealth of 
technical and internal reports was published to which I had access. I also rely 
on all of the saved e-mail conversations throughout the three years, as well as 
calendar notes, meetings agendas and minutes (both from project and work 
group meetings), presentations at different project meetings, and informal 
specifications and notes. Especially in writing the timeline, I am dependent 
upon the e-mail exchanges, calendar notes, meeting agendas and minutes, and 
presentations at various project meetings to set the chronology correct. As I 
want a reader to be able to follow the development process of the second 
development project in my shoes, I take inspiration in the concept of 
recoverability, as discussed by Checkland and Holwell (1998). Although they 
talk about it in relation to the criterion for validity of a research process, I find 
that the concept holds qualities that are transferable to other processes. 
Checkland and Holwell see that it is important to achieve a situation in which 
the process (research process) is recoverable, i.e. making visible the thought 
processes and models used to outside observers in enabling them to make their 
interpretations and draw their conclusions. Therefore, I had to relive the 
project, drawing upon all of my notes, to convey a richer and more nuanced 
picture of my experience than what could be achieved through a mere 
summation of the events that took place. This is important as I am making 
heavy use of the second development project in my elaborations and 
exploration of the model and I need the narrative to capture the development 
process as I experienced and perceived it. In addition, there is of course the 
system in itself in its many variations of development stages to tell its own 
story, how it grew and evolved. In the second development project, every 
single version remained (time stamped) to contribute to the narrative. 

In creating these narratives, it now becomes obvious that I am speaking 
with two voices within this work. In retelling the stories, I am taking the 
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perspective of the development consultant as opposed to the researcher. I must 
step into the shoes I wore as the consultant, the role I held in the projects. 
These two projects were not action research projects. I did not enter into them 
as an action researcher. However, in doing any consultant work as a developer, 
one is of course working action-oriented, solving problems within the practice. 

Such dualities of roles are not a rare phenomenon in reality. Roth, 
Sandberg, and Svensson (2004) explore the particularities of such dualities 
when they look at the dual role of inside action researcher. An inside action 
researcher here is “a person conducting action research in an organization where he 
or she is also a permanent member” (Roth, Sandberg, & Svensson, 2004, p. 118). 
Drawing on Ashforth, Kreiner, and Fugate (2000), success as an inside action 
researcher resides with the balancing of the integration of these two roles. On 
the one hand, these may be completely integrated and on the other hand 
totally segmented, i.e. the need to be involved to understand the particularities 
of the problem situation in practice and the need to distance oneself to reflect 
upon one’s efforts. 

In this work, I have no problem in keeping these two roles separate. My 
role as a consultant is of course most notable in the two projects, the first 
development project and the second development project. In neither of them 
am I acting as a researcher. In telling the stories of the projects, I am taking 
the perspective of the consultant, the practitioner. In reflecting, drawing 
conclusions, and drawing out the model, I am of course acting the part of the 
researcher. It may be that my roles intermingle somewhat when I make 
observations and reflect in the second phase of the Kolbian experiential 
learning cycle (see above). Here, I may reflect as both a practitioner and 
researcher at the same time. What is important to take note of, is when I make 
these role transitions. 

3.3 Research perspectives 
In the following is given an account of different research perspectives that 
have influenced my research process and development work in both projects. 
The accounts are not going to be lengthy methodological and epistemological 
debates, which indeed would be an interesting purpose for another different 
thesis. They are kept short in order to provide overviews. 

I do recognize that my approach or attitude towards conducting research 
and approaching a truth of some sort has been heavily influenced by an 
interpretive research tradition, much in the spirit of Walsham (1995), and 
followed up in Walsham (2006), combined with exploratory ambitions. I 
wanted to explore the world, its boundaries and constraints, and give them 
meaning. 

As I stated above, in the introduction to the chapter, I cannot claim that I 
have followed a pre-conceived plan to my endeavors. My journey shares much 
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with the likeness of Trukese navigation (Suchman, 1987), as compared to the 
more analytical and skillfully engineered voyage. However, this is not the same 
that nothing has coached me along my way. Several research traditions or 
perspectives have speeded me along, some from my junior years, and some 
gained during the following years. 

The clearest influential research traditions and perspectives I can 
distinguish between, when reflecting upon my work, are the following: 
 Participatory design 
 Action research 
 Design science 

 
However, these research traditions and perspectives do not live in isolation 

alone, but have come to cross-fertilize each other. Here, I will also give an 
account of the most apparent intersections, such as: 
 Participatory design/action research 
 Action research/design science 
 Participatory design/design science 

 
I have summarized the research traditions and perspectives, and the 

intersections, in Figure 3-2. 

Interpretive/explorative approach

Participatory 
oriented

Design‐
oriented

Action‐
oriented

 
Figure 3-2: Research traditions and perspectives 

3.3.1 Participatory design 
Being a professional developer and academic in Scandinavia, makes it difficult 
to deny the influence participatory design traditions has had on my view of 
how development work should be performed, at least when it comes to the 
people involved in the process, see also chapter 2.2.3 on Scandinavian 
approaches. It is a tradition that so permeates all development work as being 
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taken for granted. For early introductions into the field, one may well turn to 
the work of Bødker, Ehn, Knudsen, Kyng and Madsen (1988), and Bjerknes 
and Bratteteig (1995), where its historical roots in cooperative design and user 
participation as a strategy for increasing work life democracy are treated. 

Participatory design may be seen an approach, stance, or attitude to design 
that actively strives to involve all concerned stakeholders and users within the 
work practice in the design process to ensure that the resulting product 
designed meets their needs and is indeed usable. Their participation may 
range from initial exploration and problem definition, and throughout the 
actual development, evaluating proposed solutions. One must remember that 
participatory design is not a style of design, but approach concerned with the 
processes and procedures of design. This view is something with which both 
Ehn (1988) and Schuler and Namioka (1993) would agree. 

According to Schuler and Namioka (1993), participatory design differs 
from traditional design in several fundamental ways (Schuler & Namioka, p. 
xi, 1993): 
 “It rejects the assumption that the goal of computerization is to automate the 

skills of human workers, instead seeing it as an attempt to give workers better 
tools for doing their jobs.” 

 “It assumes that the workers themselves are in the best position to determine how 
to improve their work and their work life. In doing so, it turns the traditional 
designer-user relationship on its head, viewing the users as the experts – the ones 
with the most knowledge about what they do and what they need – and the 
designers as technical consultants.” 

 “It views the users’ perceptions of technology as being at least as important to 
success as fact, and their feelings about technology as at least as important as 
what they can do with it.” 

 “It views computers and computer-based applications not in isolation, but rather 
in the context of a workplace; as processes rather than as products.” 
 
According to Schuler and Namioka (1993), there are three strong reasons 

for user participation. First, to improve knowledge upon which the systems are 
build. Ehn (1993) elaborates further by pointing out that strong and effective 
participation of skilled workers can lead to successful design and to better 
quality of products. Second, to enable people to develop realistic expectations 
of and reduce resistance to change brought about by the new system. Third, 
increase the workplace democracy. Ehn (1993) point out that, people who are 
affected by a decision should be able to influence how this decision is made. It 
is an issue of power and control in the workplace. 

The emphasis on viewing system development as closely tied to socio-
technical systems led Greenbaum and Kyng (1991) to identify four issues or 
principles for design, applicable in all workplaces: 
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1. Designers must to take the work practice seriously, to see that the current 
ways work is performed has evolved a solution to a complex work situation 
that the designer only partially understands. 

2. As we are dealing with real human actors, the systems need to address the 
user’s concerns, treating them as people and not as performers of functions 
in a defined work role. 

3. Work tasks must be seen within their context and are therefore situated 
actions, whose meaning and effectiveness cannot be evaluated in isolation 
from the context. 

4. The recognition that work is fundamentally social, involving extensive 
cooperation and communication between all involved. 
 
In Scandinavia, research projects on user participation in system 

development date back as far as to the 1970s. Most of the projects carried out 
were concerned about improving the political welfare of the workers and their 
work conditions, ensuring the workers’ rights to be involved in the decision-
making that affects their work processes (Bødker, 1996). Early examples of 
projects here are the Norwegian Iron and Metal Workers project (Nygaard, 
1975) and the DEMOS project (Ehn & Kyng, 1987. During the 1980s and 
forward, the participatory design projects turned their attention towards issues 
related to the development of optional technologies to what the software 
vendors offered, and on involving users in the design of these options. 
Examples of project here are the Utopia project (Bødker, Ehn, Romberger & 
Sjögren, 1985), whose major achievements were experience-based design 
methods developed with a focus on hands-on experience, the Florence project 
(Bjerknes & Bratteteig 1987), and the EuroCODE project, (Bødker, 
Christiansen, & Thüring, 1994). Floyd et al. (1989) provide a good overview 
of the early history and roots of the Scandinavian approach to participatory 
design. During the recent years, the participatory design tradition has come to 
leave clear footprints in such works as Bødker, Kensing, and Simonsen (2004), 
on methodological guidelines for the design and introduction of new 
information technology systems into an organization, and Muller (2003), on 
its role and contribution to field of HCI. However, the participatory design 
traditions has come to face new challenges (Beck, 2002), as much technology 
development of today no longer happens as design of isolated systems in well-
defined communities of work. 

Ehn (1993) summarizes five important lessons to be drawn from the 
Scandinavian approach to participatory design that still hold true today. First, 
the primary goal for the design of artifacts is to help users and designers to 
discuss and experience the current situation, and to create future ones. Second, 
by using prototyping approaches, users are allowed to practice their practical 
skills in participating in the design process. Third, participatory design must 
be seen a learning process, where both users and developers learn from each 
other skills, a dialectic process. Fourth, participatory design requires a form of 
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shared life between designers and users, not only users participating in design 
process but also designers participating in use of computer-based system. 
Fifth, the involvement of users in the design process requires the use of a 
design language that is both understandable and natural to the users. 

As the modern participatory design field, consists of practitioners 
representing a diversity in perspectives, background and areas of concern, there 
cannot be just one single definition. In recognizing this, CPRS (Computer 
Professionals for Social Responsibility) formulated a few tenets that could be 
shared by most participatory design practitioners and its advocators (CPRS, 
2011). These summarize much of the above. They are briefly summarized as 
follows: 
 Respect the users of technology and recognize that workers are an 

important source of innovation, design ideas arise in collaboration with 
participants. 

 Systems should be seen as socio-technical systems, combining people, 
practices, and technology embedded in particular organizational contexts. 

 Organizations and the relevant work need to be understood on their own 
terms, in their own settings, and address problems that exist and arise in 
the workplace, articulated by or in collaboration with the affected parties. 

 Strive to find concrete ways to improve the working lives of co-participants 
by e.g. increasing worker control over work content. 

 Developers should be conscious of their own role in the process and strive 
to try to be a “reflective practitioner” in the “Schönian” sense (Schön, 
1983). 

3.3.2 Action research 
Action research is a research strategy that has been widely applied (Wood-
Harper, 1985) and has high degree of relevance (Keen, 1991) within research 
of the IS field. An early and dominate contribution here may be found in the 
work of Susman and Evered (1978) where they firmly establish it as opposed 
to more positivist traditions of conducting research with their 5-phase cyclical 
process (diagnosing, action planning, action taking, evaluating, and specifying 
learning), seeing it as more appropriate for generating useful knowledge in 
organizational problem solving situations. For a more current state of nature 
concerning the use of action research within the IS field one may well turn to 
the special edition of MIS Quarterly, in which Baskerville and Myers (2004) 
provide us with an overview and introduction. 

Baskerville and Wood-Harper (1998) state that action research is not one 
method but is a genre of research methods that is characterized by its 
multivariate social setting, its highly interpretive assumptions about 
observation, intervention by the researcher, participatory observation, and the 
study of change in the social setting. For the IS researcher action research 
arises from four distinct streams: Lewin’s (1947) “canonical” form of action 
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research, management consulting, soft systems methodology (Checkland, 
1981), and organizational learning (Argyris & Schön, 1978). 

Action research is about inducing change, studying the reactions of the 
environments when the changes are made, and studying the consequences of 
change. Baskerville and Wood-Harper (1998) defines it as a cognitive process 
that depends on the social interaction between the observers and those in their 
surroundings. The reactive process of stimulus-response provides here the 
filter by which some of the multitude of social actions can be connected into a 
causal model. When a certain action is taken in a particular social setting, a 
response is recorded. Action research is something akin to a highly 
unstructured field experiment on the researcher together with others. The 
filter for finding critical data within action research is defined by the state 
change represented in the stimulus-reaction pairs. When a certain action is 
taken in a social setting the social setting changes state. Action research 
observes the social setting in motion after a defined event. This motion then 
provides the filter for the critical data in the action research, i.e. things that 
changed after the event. The state-change data are only relevant to the 
particular social setting and the state-change response must accordingly be 
interpreted in that context. 

Baskerville and Wood-Harper (1998), drawing upon Blum (1955), 
conclude that action research, through participatory observation, is a simple 
two-stage process where you first go through a diagnostic stage involving an 
analysis of the social situation, forming the hypotheses concerning the nature 
of the research domain. Second, a therapeutic stage where changes are 
introduced and the effects are studied. 

The, all too clinical sounding, approach above of Baskerville and Wood-
Harper (1998) may not be appropriate in all situations. Hypotheses may not 
be formed in advanced or wanted when investigating social phenomena, but 
may have to emerge as better understanding is reached. In the work of 
Checkland and Holwell (1998), the process of action research is depicted 
differently, taking, I believe, a more humble approach, and being rigorous. 
Here, the researcher enters the real world situation, having in advance declared 
what his or her worldview is (theoretical framework and methodology), takes 
part in action in the situation, reflects upon the results and the worldview, and 
enter yet again. The criteria of truth is here, they stress, on making the 
research recoverable research as opposed to the positivist re-creatable. 

3.3.3 Design science 
Design science as we may think of it takes its roots in the work of Simon 
(1996) on “The Sciences of the Artificial”. However, to see where it has taken 
us today within the IS field there are more current scholars to draw from. 
Venable (2006a; 2006b), gives a most excellent overview of design science 
research and argumentation of the role of theories, as a primary output, of 
design science research activities within the IS field. In doing this, he draws 
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upon such work as (amongst many others): Nunamaker, Chen, and Purdin 
(1990), March and Smith (1995), and Hevner, March, Park and Ram (2004) 
on the nature design science research; and Walls, Widmeyer and El Sawy 
(1992), Markus, Majchrzak and Gasser (2002), and Gregor (2006) on design 
science theorizing. In addition, both March and Storey (2008) and Winter 
(2008) provide good overviews on the role and place of design science in 
relation to the IS field, but are otherwise, in general, agreeing with Venable. 
Iivari (2007) has provided a most well-argued and scientifically well-founded 
analysis of the nature of Information Systems as a design science in terms of 
its ontology, epistemology, methodology, and ethics, and summarizing these 
in a set of 12 theses. As a commentary to Iivari, Hevner (2007) has provided 
further explications on the nature of design research activities, and pointed out 
that it is a pragmatic science due to its problem solving nature concerned with 
relevance. However for this account of design science I will give an overview of 
the work Hevner et al. (2004) as they represent a well-accepted statement of 
the IS field’s conception of design science within IS research, which also 
Venable (2006a) agrees with. 

According to Hevner et al. (2004), an approach to research as design 
science is concerned with the creation and evaluation of artifacts intended to 
solve identified human and organizational problems. Design science has roots 
in engineering and “Science of the Artificial” (Simon, 1996), and is viewed as 
a problem solving paradigm seeking to create innovations, defining ideas, 
practices, technical capabilities, and products through which the analysis, 
design, implementation, management, and use of artifacts may be effectively 
accomplished. Such artifacts, Hevner et al. point out, are not exempt from 
natural laws and behavioral theories, but rely upon existing kernel theories. 
Design science creates and evaluates artifacts intended to solve identified 
organizational (business) problems. Such artifacts may, at least within the IS 
field vary from software, formal logic, and rigorous mathematics to informal 
natural language descriptions. Knowledge and understanding of a problem 
domain and its solution are achieved in the building and application of 
designed artifacts. To Hevner et al. design science within the IS field is 
limited to activities for building IS infrastructure within business organization. 

To Hevner et al. (2004) design is both a process (set of activities) and a 
product (artifact), i.e. describing the world as acted upon (processes) and the 
world as sensed (artifacts), depicting a problem solving paradigm that 
continuously shifts perspective between design processes and designed artifacts 
for the same complex problem. Drawing on March and Smith (1995), Hevner 
et al. point upon two important interdependent processes/activities within 
design science research: build and evaluate. Here, they also point upon four 
important outcomes: constructs (conceptual vocabulary of a domain), models 
(set of propositions or statements expressing relationships between constructs), 
methods (set of steps used to perform a task, i.e. how-to knowledge), and 
instantiations (operationalization of constructs, models and methods). Venable 
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(2006b) adds a fifth one: better theories, thereby stressing the role of theory 
generation in any kind of research activity. 

According to Hevner et al. (2004) purposeful artifacts are built to address 
unsolved problems, and are evaluated with respect to utility provide in solving 
those problems. Here, the fundamental principle of design science research is 
that knowledge and understanding of a design problem and its solution are 
acquired in the building and application of an artifact. In order to assist 
researchers, reviewers, editors, and readers to understand the requirements for 
effective design science research, Hevner et al. (2004) present a number of 
guidelines for activities of design science research: 
 Design as an artifact and problem relevance – must produce a viable, 

innovative, and purposeful artifact in the form of a construct, a model, a 
method, or an instantiation, for a specified problem domain, i.e. develop 
technology-based solutions to important and relevant business problems. 

 Design evaluation – must yield utility for the specified problem, i.e. utility, 
quality, and efficacy of a design artifact must be rigorously demonstrated 
via well-executed evaluation methods. 

 Research contribution – must solve a heretofore unsolved problem or a 
known problem in a more effective or efficient manner, i.e. differentiating 
design science research from the practice of design, thereby providing clear 
and verifiable contributions in the areas of the design artifact, design 
foundations, and/or design methodologies. 

 Research rigor – must rely upon the application of rigorous (formal or 
consistent) methods in both the construction and evaluation of the design 
artifact. 

 Design as a search process – must incorporate or enable a search process 
whereby a problem space is constructed and a mechanism posed or enacted 
to find an effective solution, i.e. the search for an effective artifact requires 
making use of available means to reach desired ends while satisfying laws in 
the problem environment. 

 Communication of process – results must be communicated effectively 
both to a technical audience (researchers who will extend them and 
practitioners who will implement them) and to a managerial audience 
(researchers who will study them in context and practitioners who will 
decide if they should be implemented within their organizations). 
 
Hevner et al. (2004) stress that fundamental questions to answer through 

design science research are: What utility does the new artifact provide, and 
what demonstrates that utility? According to Hevner et al., evidence must be 
presented to address these questions as contribution arises from utility. If 
existing artifacts are adequate, no activities of design science research are 
necessary to produce new ones. If a new artifact does not map to real world 
problems (rigor), there can be no utility. If the artifact does not solve the 
problem (search, implement ability), there can be no utility. If utility is not 
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demonstrated (through evaluation), there can be no basis to accept claims that 
it provides any contribution. If the problem, artifact and its utility are not 
presented, as to make clear the implications for research and practice, 
publication in IS literature is not appropriate (hence no communication). 

3.3.4 Cross-fertilizing perspectives 

Participatory design/action research 

That action research (or action-oriented research) has a long tradition of being 
the recognized modus operandi in conducting research activities within a 
participatory design tradition is an old truth. Its contributions may be found 
already in for example Ehn (1988) on work oriented design of computer 
artifacts. However, that there is a clear and natural linkage between them is 
not apparent. Foth and Axup (2006) have examined similarities and 
differences of participatory design and action research. They found that even 
though they entail similar conceptualizations of participatory principles, they 
are quite different in their respective intent and purpose. They conclude that 
despite an overlapping set of core values, each framework originates from a 
traditional domain which contributes with a unique range of methodological 
experience, and although they have similar participatory traits they have 
different strategies and goals for doing so. 

However, there is another side of this cross-fertilization that finds one of 
its roots in the work of Argyris and Schön (1991), called participatory action 
research. Here, Argyris and Schön (1991) see participatory action research as a 
form of action research, involving practitioners as both subjects and co-
researchers. The aim, according to the authors, is to create an environment in 
which participants exchange valid information, make free and informed 
decisions, and generate commitment to the results of their inquiries. This goes 
even as far as the freedom of participation or not in the process. This approach 
is most alive in today’s research. Here current examples of its use are discussed 
in the works of Jansson (2007), Jansson, Mörtberg & Mirijamdotter (2008), 
and Sabiescu (2010). 

Action research/design science 

The relationship between design science and action research has been in 
recent years the target of much scholarly debate and investigation. Järvinen 
(2007) has made an investigation of similarities and differences between the 
characteristics of them and asked the question “can action research and design 
science be considered as similar research approaches” (Järvinen, 2007, p. 38). After 
careful examination he concludes that both are similar as approaches in how 
success is measured, what kind of problems are solved, and how and what 
knowledge is generated. 

Andriessen (2007) went even further in establishing a methodological 
framework combining them in which he strives to bridge the gap between 
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theory and practice in organizational science, and addressing the issue of 
relevance versus rigor. The framework contains specific steps that on one hand 
use design-based research in a reflective cycle and on the other hand use action 
research in a problem solving cycle. Here, as opposed to Järvinen (2007), both 
of them are shown as complementary approaches in one larger methodological 
framework. 

Iivari and Venable (2009) have also made a careful comparison of design 
science and action research, and, in a refreshingly sharp contrast to the above, 
they point upon many of the dissimilarities between the two research 
approaches. They state, that even if they may seem compatible, they may 
differ decisively in their paradigmatic assumptions, research interests, and 
activities. They caution that care must be taken in employing action research 
for conducting design science research. Risks might exist to the client or other 
stakeholders when intervening with new untried technology in a narrow 
context, such that often is the case with action research, thus raising the 
question of applicability in other contexts. Here, Iivari and Venable (2009) 
point out, when evaluating new technology with action research, steps need to 
be taken to ensure that the completeness of the evaluation is judged and 
reported with a view to its limitations and remaining risk. 

This does not mean that there might not be a middle ground of some sort 
of action-oriented design science research. Attempts have been made in this 
direction. Example of such recent use of an action-oriented design approach to 
conducting research may be found in the work of Sjöström (2010) in one of 
his inquiry into IT-reliant social contexts where he investigates IT artifact 
design in relation to induction of social change. 

Most recently, Sein, Henfridsson, Purao, Rossi, and Lindgren (2011) 
provides us with a new challenging direction here. In addressing the lack of 
organizational relevance of design research in evaluating technological 
solutions, they propose action design research as a new research approach with 
a specified method for application. They see it as a research method for 
generating prescriptive design knowledge through building and evaluating IT 
artifacts in organizational settings. Here, according to the authors, it comes to 
deal with the challenges of addressing problem situations encountered in 
specific organizational settings through intervening and evaluating, and 
constructing and evaluating IT artifacts that addresses the class of problems 
typified by the encountered situation. They state that in meeting these 
challenges the method thereby comes to reflect “not only the theoretical 
precursors and intent of the researchers but also the influence of users and ongoing use 
in context” (Sein et al., 2011, p. 4). 

Participatory design/design science 

Having now looked at the cross-fertilizing research perspectives of 
participatory design/action research, and design science/action research, it is 
only natural to investigate how and if participatory design and design science 
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have influenced each other. Alas, I must confess that after much search 
through various academic sources I have not come upon anything substantial 
that explores this. Participatory design science as a research approach is 
mentioned briefly by Gregory (2010) in passing it off as research approaches 
that have attempted to use methods such as ethnography to develop a deep 
understanding of the problem area prior to developing an IT artifact. His 
focus remains firmly fixed upon the relationship between grounded theory 
methods and design science research, which is another issue. Now this lack of 
attention could mean one of two things. Either that design science as we know 
it, in the spirit of Herbert Simon and Donald Schön, is of no concern within 
the participatory design discourse, or it is taken for granted, something that is 
naturally constituent. Which one is true, remains yet a mystery. I will, 
however, in chapter 8 return to possible intersections between these two as I 
reflect upon my research process. 
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4. PRECONCEPTIONS 

The purpose of this chapter is to provide an initial view of how I have come to 
perceive the designing of computer-based artifacts. This is done by first 
presenting the development project (the first development project) that got me 
started in this direction. Then exploring the experience and insights drawn 
from this work to elaborate upon a perspective that recognizes that 
characteristics of the design situation have a bearing on how we developers, 
together with the users, come to approach and capture the rich and tacit 
knowing of the work practice, or part of it. 

4.1 The Delphi project: The case of Security 
Analysis Work 
In this section, a development project is described whose aim was to design 
and develop a computer-based support tool for security/vulnerability analysis 
work. This project was first reported in Eberhagen (1995), and later in parts in 
Eberhagen (2003a; 2003b; 2004; 2005; 2006). The support tool was to 
function as a knowledge base where experience made may be organized, 
stored, and retrieved as suggestions for actions whenever new problem 
situations are dealt with. Furthermore, the support tool was to function as a 
simulation and test tool when different solutions to a problem situation are 
evaluated. Finally, the support tool was to function as a forum for discussion 
between different security specialists when they communicate their experience 
with each other. The section ends with a reflection upon experience and 
insights gained in the design and development of the support tool. 
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4.1.1 Introduction to and aim of the project 
The project began as a joint venture and agreement between Telia, one of 
Sweden’s largest telecommunication companies, and SÄK90/SISY1 in 
Sundsvall 1989 under the name of the “Delphi Project”. The purpose of the 
project was to develop a computer-based tool to support security specialists or 
experts within Telia in their daily work. The support tool as such aimed to 
serve as a help in organizing information during security analysis work and 
furthermore serve as a forum for discussion, promoting learning and sharing of 
meaning through exchanging experience. The support tool also aimed to be 
able to store large masses of unstructured information and function as a 
knowledge base for the security specialists for drawing upon experience made 
with previous similar problem situations. 

The project was directed by a senior researcher from the department of 
Computer and Systems Sciences at Stockholm University. Besides me, as a 
junior researcher, several other junior researchers were involved at different 
time points and for different periods in the development project with various 
tasks and parts of the system. Although I was during the project period 
enrolled as a PhD-student, this project was not part of my research and 
research studies at that time. I was formally engaged in the project from 
January 1994 to the end of December 1995, where my role was as the main 
system developer of the support tool. The accompanying electronic help 
system was developed by one of the other junior researchers, whom also stayed 
the duration of the project. The development of the computer-based support 
tool ended in the spring of 1996. 

What then is the work the computer-based tool was supposed to support? 
The work that the security specialists do within Telia is vulnerability or 
security analysis of different plants, which the company operates and 
maintains. A plant, in this regard, may be, for instance, a telephone station or 
a computer system. Towards such an “object”, there exists a certain threat 
scenario. This scenario contains all the threats that may be targeted at or affect 
an object and its parts or components. If a threat is realized it brings about a 
cost, partly for loss of component in object and partly for restoring it. The 
vulnerability analyses aim to prevent or reduce the effects of a threat of being 
realized, leading to damage of an object. 

An example of a plant may be a computer controlled telephone exchange 
station where the threat scenario or picture may contain both the threat of fire 
in the station as well as flooding. In order to ensure some protection here 
different countermeasures are required in order to counteract or reduce the 
effect of the different consequences once the threats are realized. Another 
example of a threat scenario may be computer infringement or larceny of 

                                                        
1 Information Security 90 Project/Foundation of Informatics and System Technology in 
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information. Here, these types of possible threats demand other types of 
measures. 

All of these possible types of threats require counter measures. These must 
be balanced in order to become economically justifiable and feasible. It may 
well be fully acceptable with a measurement package (suit of counter 
measures) that is not as effective in countering all of the possible and probable 
threats, especially if the “unaccounted” threats have a low frequency or the cost 
associated with the damage is very small. Security or vulnerability analysis 
work aims to ensure as a long life span as possible of the plants (or objects) of 
the company, thereby maximizing the revenue associated with them and to 
ensure appropriate protection exits for threats that may be damaging to the 
business activities at large. 

The aim of the development project, in this context, was to provide the 
users, the security specialists, with a knowledge base regarding the analysis 
work. Furthermore, it aimed to support them in the managing of the 
complexity in analysis work by making visible and documenting the analysis 
work, i.e. serve as a help in organizing information during security analysis 
work. The knowledge base aimed to provide the users with suggestions for 
actions and measures by reusing solutions to problem situations, which had 
been found to be either general in application or proven to have characteristics 
that had rendered them successful. Further, the knowledge base served as a 
discussion forum by capturing and representing the analysis work allowing the 
users to communicate their ideas, insights, and experience with each other. 
For the possible solutions reached, in resolving a threat scenario, support for 
testing and simulating is offered in order to see how the costs associated with 
the different measures evolves. 

In order to document and capture the work process of the users it was 
important that the computer-based tool offered the ability to represent 
knowledge of the users in as an unstructured form as possible. For the tool to 
be an effective support, it should not enforce on the users a degree of structure 
that may be hampering or foreign to their work. The support tool is supposed 
to work alongside and help the users with an already existing and established 
work practice. The tool should not take over and enforce new ways of going 
about that the users do not feel comfortable with in their daily work. 

In order to support the users in the documenting of the work process and 
related information, it provided unstructured text as representational form. In 
order to capture the relationship between pieces of information that the users 
create all information is stored in some form of a hypertext structure. The 
choice of some form of a hypertext structure to represent relationships 
between pieces of information was based on that traditional databases usually 
offer a degree of structure that is too strict to fit our purposes, and a 
vocabulary that is often too limited to give justice to the content or meaning of 
the information. Such a rigid structure may not be able to take fully into 
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account the needs the users have for representing and visualizing their 
different ideas and insights about their work. 

4.1.2 Characteristics of the practice 
The practice of vulnerability analysis may be broken down into the following 
four knowledge activities or modes: capture, organize, reflect, and 
communicate. These represent the transformation from thought/idea to 
report/product, as shown in Figure 4-1 (further explored in the following 
section and broken down in Figure 4-3, Figure 4-7, and Figure 4-8). 

 
Figure 4-1: Knowledge activities of capture, organize, reflect, and communicate within 

the process 

During vulnerability analysis work, the security experts document every 
step and action they take in arriving at the final report, i.e. the document 
containing recommendations and conclusions. This entails capturing the 
information relevant to the problem situation, i.e. analysis situation, at hand, 
and representing it. Most of the information is captured using different 
models and concept that represent, to the users, the “reality” of their practice, 
such as the relationships between different components of a plant and their 
values, as an example see Figure 4-2. 

Cost Probability Asset value

DamageEffect
Threat ObjectMeasure

 
Figure 4-2: The basic model of relationships between measures, threats, and objects, 

together with their respective values 

An activity that is closely related to capturing is the organizing of the 
information or knowledge arrived at during the previous mode of capturing. 
Here organizing is one of creating relations between different information 
pieces, for example finding relevant relations between components of a plant 
and threat scenario. Organizing is also an act of decomposition, for example 
breaking down a complex threat scenario into components that are more 
manageable and may be given individual values. It is also an act of creating 
hierarchies of different components, for example creating measurement 
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packages, building a threat scenario, or organizing plants into groups 
describing how they are related to each other. 

The practice of vulnerability analysis is also one of reflecting upon what is 
captured and structured of the problem situation. Here, reflection is achieved 
by several means. First, by gradually giving informational pieces of the analysis 
some form of structure, see Figure 4-1, it is possible to make simulations of 
different solutions. Thereby, it becomes possible to make visible how values 
may change as different configurations of relationships and components are 
tried out. Second, reflection is also achieved when reusing earlier solutions 
that have proven useful in some general way and applying them to the current 
analysis situation. 

The practice of vulnerability analysis is also one of communicating. It is 
not only the report at the end of the process that is communicated to the 
“outside world”, but communication is also the exchanging of ideas and 
experience within the community. Here it takes the form of allowing insight 
into each other’s work and furthering the opportunities of working together, 
as well as creating shared resources that may be reused. 

One might find other concepts besides the ones above that perhaps may be 
used to describe the knowledge activities of the vulnerability analysis process. 
However, the ones we had arrived at represented how we came to view how 
the processes of knowledge sharing and learning were instantiated in the 
practice. Here, learning within a social context was achieved by constructing 
shared concepts and models, upholding common language and assumptions 
that provides the structure for capturing the “tacitness” of the practice, i.e. 
mastering the complexities. This however is just one side of the coin. On the 
other side, we find the act of reflecting upon this structure and sharing your 
insights and experience with others within the community. 

4.1.3 The development of the support tool 
The support tool was developed through a series of interview sessions with a 
group of security specialists, i.e. the potential users, during a period of two 
years. In order to document the work practice underlying the users’ work, they 
were asked about their work processes, how they went about it and why, as 
well as their information needs and how it is related to their work process. 
They were asked what type of information they needed in order to perform 
their tasks and how they structured it to get a feel of the different problems at 
hand. 

For each interview session, a fully functioning prototype tool was 
continually developed and incrementally enhanced in order to give the users 
the ability to get a feel of the support tool and the possibility to put us on the 
right track so to speak. In a sense, we, the developers, became the narrators of 
the story told to us by the users. The prototype support tool was continuously 
developed and enhanced guided by what was arrived at through the discussion 
with the users and through their experience gained in interacting with it. The 
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support tool was also developed further on the initiative of the developers in 
order to point upon possible capabilities. 

Thus, the development and design process became one of incrementally 
refining and enlarging the support tool. This allowed the developers to learn 
about and get familiar with the work practice, the language used, the mindset 
of the users (how to think about and relate to different objects and issues), and 
so forth, and most importantly allowed us to discover possibilities with the 
support tool and point upon different capabilities. However, it also allowed 
the users to reflect upon their own work, question assumptions, and providing 
a means for capturing and expressing their tacit knowing. 

Out this learning process grew concepts, models (see Figure 4-2), and a 
gradual structuring of the stored information that provided not only the focus 
of the development and design effort but also a common language. Far more 
concepts and models were generated than actually implemented into the 
support tool. Only the ones that had any real practical use survived. However, 
the generation of these measurements helped us developers understand what 
and how the users talked about and what they meant. These helped us 
developers in mastering a complex situation and at the same time they became 
a vehicle for formalizing or grasping some of the “tacitness” in the work 
practice that otherwise would have been hidden in the assumptions the users 
had of their work. The generating of concepts and models became the 
necessary instrument for approaching, capturing, and understanding the work 
practice. Here, the learning process became one of learning by structuring the 
“tacitness” of the practice and reflecting upon this structure. 

It was decided early on in development process that in order to support the 
users in the documenting of their work process and capture related 
information, the computer-based tool supports the representation of these in 
the form of unstructured texts in natural language, i.e. the technical jargon of 
their practice. Thus, it preserves the common language instead of hampering 
the users with an artificial vocabulary for representing their work. In order to 
capture the relationship between pieces of information that the users create all 
information is stored in some form of a hypertext structure. This allowed for 
an easy representation of ideas that the users had (see earlier discussion), and 
for dynamically changing the structure of the captured information as new 
insights were gained. Our goal here was to facilitate for a transformation 
process that captured the information (or knowledge) of the users and their 
work practice, and transfer it into a form that, as fairly as possible, preserve the 
integrity and original intentions of the content of the information, see Figure 
4-3 (the first transformational step of Figure 4-1). 



 

75 

 
Figure 4-3: Transformation from thought/idea into unstructured text 

This demanded of the transformation process, in as high degree as 
possible, to preserve the integrity of the information the users had. Here, 
informal, unstructured text proved to be the only means and medium that best 
meets this demand. 

Standardized data is in no way comparable to what may be achieved by 
using informal unstructured text as means for capturing the original intentions 
of the users. The thoughts of the users may be expressed and dressed in words 
and concepts that are not limited by a fixed set of terms of an ordinary 
structured database. An unstructured text opens up more easily for different 
interpretations, offering rich possibilities for discussions and ventilating of 
ideas. This serves well the purpose of the knowledge base within the support 
tool in serving as a platform or forum for discussion and exchange of ideas. 

In sum, the following approach to the design process evolved: 
 We used natural language in capturing information and intentions of the 

practice; providing support for the activity of capture 
 We used hypertext structure in representing relations between “objects” 

within the support tool; providing support for the activity of organizing 
and flexibility 

 We used simple and generic concepts in reifying common assumptions, 
providing focus and shared language; thus providing support for all of the 
knowledge activities 

 We used weakly structured representation of information, based on the 
concepts in order to provide for simulations and calculations, yielding 
different perspectives; providing support for active reflection 

 We developed the support tool incrementally with strong user interaction, 
letting them drive the development as they gradually came to articulate 
more and more aspects of their “world”; thus providing for some form of 
learning process within the development process for them 

 We came to approach the practice and development task as a learning 
situation, where we the developers were gradually socialized into the 
practice of vulnerability analysis; the development process evolved into 
some form of learning process for us, enabling us to contribute in the 
articulation of different aspects of the practice 
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4.1.4 The conceptual model 
Out of each of the interview sessions, a model grew that depicted how the 
users viewed the security or vulnerability analysis work. This conceptual model 
of their work was based on two parts: a description of the work process, and a 
description of all of the relevant components or parts of a plant and how they 
were related to each other. This model become the fundament of the support 
tool and become the target for discussion at each of the sessions we had with 
the users. It was this conceptual model, that took the longest to develop, and 
was the toughest of the project work to arrive at. The conceptual model came 
to represent the medium through which the worldview of the users was 
communicated to the developers. The match between the model and the 
system under development had to be as close as possible or we ran the risk of 
giving the users a support tool they would not feel as comfortable with as 
possible. The conceptual model is not viewed upon within the support tool as 
consisting of two separate parts but viewed as an integrated whole. In order to 
visualize the conceptual model an account of the different concepts and parts 
of the model follows next. 

A plant is the most central of all of the concepts within the model. The 
plant is that which is the object or target of the vulnerability analysis work. A 
plant could be a room full of computers in a lab environment. The plant has a 
name and a description. All of the descriptions are represented in the form of 
unstructured texts. For each of the plants there is also a description of its 
environment (“context”). It is an unstructured description of the environment 
in which the plant is embedded, but also an account of all the components 
that constitutes a plant. The components are called objects and thus an 
example of an object could be one computer within the lab environment. 
Besides the environmental description, there is also a threat picture. The 
threat picture consists of a description of all of the possible and probable 
threats that may be target at the plant. These threats are actually targeted 
towards the individual objects, but together within the threat picture, they are 
targeted at the plant as a whole. Figure 4-4 shows a conceptual model of a 
plant. 

Environment Threat scenario

Plant

 
Figure 4-4: Schematic model of a plant 

Each of the objects may be viewed as an independent part of the plant, 
with a name and a description. As follows, each of the possible and probable 
threats has their own names and descriptions. A threat is targeted at one 
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object, however it could be targeted at several objects as well as an object could 
be subjected to several threats. For each of the threat targeted towards an 
object, there exists a unique relation called “damage cost”. This is the cost 
brought about for restoring the object or the loss of associated investment and 
revenue when a threat is realized. 

Towards each threat, an action or measure may be taken in order to lessen 
the effect of the consequences of the damage that occurs as the threat is 
realized. Each of the measures has their own name and description. Each 
measure may be targeted at several threats and each threat may be subjected to 
several measures. For each of the threats covered by a specific measure, there 
exist a unique relation called “effect of measure”, i.e. the effect that the 
measure has in relation to the threat. All of the measure may be said to be part 
of a measure package or action package that is target at the threat picture. 
However, the concept of “measure package” is neither visual within the 
analysis work nor within the support tool, but exists as a background concept 
forming a logical frame. Figure 4-5 shows the schematic relation between 
objects, threats, and measures. These are the same relations as those the 
different parts exhibit within the conceptual model. 

Threat ObjectMeasure
 

Figure 4-5: The conceptual model showing the relations between threat-object and 

measure-threat 

The different parts within a plant have further characteristics. An object 
has an asset value, or a price, expressed in monetary units. This is the cost 
associated with the appropriation of it. A threat has a frequency that expresses 
how great the probability is that it will be realized during any given year. This 
probability may be viewed as the frequency each threat has of being realized 
during a year. A measure has a value in monetary units associated with it 
describing what it will cost to employ it. 

The relations between threats and objects have a specific attribute 
describing the cost damage, expressed in monetary units, which would incur if 
the specific threat became realized towards the specific object. In the same 
manner, a specific measure-threat relation has an attribute describing the 
effectiveness, expressed in percentage, of the measure in preventing the threat 
from being realized. Figure 4-6 shows the conceptual model once all of the 
different characteristics and attributes are identified and given a name. 
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Cost Probability Asset value

DamageEffect
Threat ObjectMeasure

 
Figure 4-6: The conceptual model complete with the characteristics and attributes of 

each part and relation 

This schematic model, see Figure 4-6, also describes the work process. The 
steps within the work process shows how the users view their work, how they 
go about it, and what actions are to be taken. If one follows the model 
backwards, the actual order of how things are done is achieved, i.e. how a 
plant is structured and analyzed. Thus, one begins by considering the 
environmental description and the specific components or objects it contains. 
Then the same thing is done with the threat picture. Once the threat picture is 
established, all of the relations between threat and objects are considered and a 
damage cost is established for each of the unique relations between threat and 
objects. Having done this it now becomes possible to consider all of the 
different measure that may be taken against the threats. Once these are 
established, then each of the relations between threat and measures are given a 
value showing the effect the measure has against the threat. 

The characteristics given to objects, threats, and measures, as well as to the 
relations between threats and objects, and measures and threats, are not pieces 
of unstructured information. The characteristics or values are structured for 
the purpose calculation, thus making it possible to simulate and test. To be 
able to make these calculations or simulations, some form scheme, depicting 
the flow of values within the calculations, needs to be specified for all 
measurements defined. 

One of the interesting measurements, to the users, within the simulation is 
to find out what the payoff in time, i.e. how long time, expressed in years, it 
will take before each of the actions or measures targeted against different 
threats pays off. In this regard, the users also wanted to gain an average 
estimate of total payoff time for a measure package targeted a threat picture. 
Another measurement of interest is the yearly risk costs associated with each 
of the threats. These measurements are defined as follows: 
 “Payoff time” is the time it takes before an action or measure pays off, i.e. 

payoff time = cost of measure / yearly risk cost associated with a threat 
 The “yearly risk cost” associated with a threat = damage cost of a threat 

being realized against an object * the frequency on a yearly basis or the 
probability for a threat being realized 

 “Total average payoff time” was defined as = the sum of all the costs of 
measures / sum of all yearly risk costs 
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Besides these measurements above the concept of “residual cost” was also 
defined. That is the cost that yet remains as an action or measure is targeted a 
threat and is defined as follows: 
 “Residual cost” = (1 – effect of measure, i.e. how effective a measure is 

towards a threat) * the probability of the threat being realized * damage 
cost 
 
Also expressed as: 

 “Residual cost” = The negative “degree of effectiveness associated with 
counter-measure” times “ yearly probability of threat being realized” times 
“damage cost” 
 
The definition of these measurements makes it possible to simulate and 

calculate different solutions. In order to achieve this, some form of structure 
had to be forced upon the stored information, thus making it semi-structured. 
However, this was done without having to give up on some of the integrity 
concerning the intentions and meaning of the information. The need for 
making these calculations was satisfied though the characteristics of the 
different pieces of information, which were structured, identified and given a 
name. Figure 4-7 depicts this process (the second transformational step of 
Figure 4-1). 

 
Figure 4-7: Transformation of unstructured text into semi-structured text 

A number of other measurements concepts were defined during the 
development effort, such as: 
 “Cost of effect” = “Cost of counter-measure” divided by “degree of 

effectiveness associated with counter-measure” 
 Utility (counter-measure) = “Cost in monetary units of counter-measure” 

times “degree of effectiveness associated with counter-measure” 
 The cost of the counter-measure package = Sum of the cost of all unique 

counter-measures 
 Effectiveness of the counter-measure package = Intersection of all unique 

degrees of effectiveness associated with a counter-measure 
 Asset value of plant = sum of all of the asset values (price times number) of 

all unique objects of plant 
 Probability of threat scenario being realized = Union of all unique 

probabilities of threats being realized 
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 Damage cost of threat scenario = Sum of all unique damage cost associated 
with the threat scenario 
 
This list could be even longer had we gone on, but put under scrutiny for 

practical implications only a few were actually used in practice. However, the 
generation of these measurements helped us developers understand what and 
how the users talked about and what they meant. These helped us developers 
in mastering a complex situation and at the same time they became a vehicle 
for formalizing some of the “tacitness” in the work practice that otherwise 
would have been hidden in the assumptions the users had of their work. 

4.1.5 Description of the support tool 
Here follows a brief account of the different parts that constitute the support 
tool and the result of the development project. The parts that are given light 
are in order: the database constituting the knowledge base, the spreadsheet for 
simulation and test, the graph for giving overviews, the compilation and 
printing of a report, and the help system, i.e. the electronic guidance system. 

Within the support tool, there exist two different types of databases. The 
first one is for all of the different plants, and the second one functions as a 
resource catalogue. The plant database contains all of the information 
regarding the different plants that the users work with. Each plant is stored 
separately and has no connection or relation to other plants. When working 
with the support tool one may choose what database of plants one wants to 
work with. This gives the possibilities of defining groups of plants that may 
have logical meaning for being bundled together. The resource catalogue is 
stored in only one database. Within this is stored all of the objects, threats and 
measures that may be contained within the description of a plant. 
Furthermore, it is also stored within resource catalogue as general relations 
that the users have created. Storing threat-object relation and measure-threat 
relations makes it possible to receive suggestions from the support tool for 
solutions when working with a plant. The objects, threats, and measures that 
the security specialists work with are all represented within the resource 
catalog. It is within the resource catalog that all of the possible objects, threats, 
and measures are first defined before they are applied to a plant under analysis. 

This makes it possible for reusing already defined objects, threats, or 
measures when working with a new plant. If relevant components are missing, 
one has to first define them within the resource catalog before applying them 
to the plant. However, when it comes to the general relations they are not 
defined in advance within the resource catalog. Allowing for that would mean 
losing the contextual background that established the logic of why these 
relations exist. Thus, these are first created when working with the plant and 
only then are they generalized if deemed having characteristics that has proven 
them to be either in character. 
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For the purpose of simulation, the support tool contains a spreadsheet, 
which describes all of the objects, threat and measures together with their 
characteristics or attributes that are part of a given plant. Through 
spreadsheet, it is possible to have the measurements of payoff time, total 
average payoff time, and yearly risk cost presented and simulated. The 
spreadsheet offers also the possibility for changing these values and study 
different effects. Thus, the spreadsheet gives the users the possibility to 
present the cost situation of a plant. It may be printed out as it stands and be 
part of a presentation of a plant or serve as a basis for making decisions. The 
spreadsheet offers the possibility to have the information sorted according to 
different criteria. Through the interview sessions with the users, two criteria 
were found to be of special interest. They wanted to have the information 
sorted according to the largest damage cost a threat brought about and 
according to the yearly risk cost. 

To help making the relations of the different parts of a plant and its 
complexity visible and give it an overview, a graphical view exists within the 
support tool. The nodes of the graph represent the different parts and the 
links the different relationships. This graph may be printed out as is, and thus 
be part of the documentation of the plant, or serve as means of 
communicating the view of a plant a user has to others. 

One of the most important functions the support tool offers is the 
possibility of having a report compiled and printed out. The report presents 
the actual plant one has been working with. The report contains all of that 
which is documented within the support tool about the plant, apart from the 
spreadsheet and the graph. Thanks to unstructured text as a medium for 
storing the information, the report may be very easily be compiled. It needs 
not to be authored, just compiled. The language used for describing the 
different parts of a plant serves as an excellent basis for the report. The 
defining of how the different pieces of information, describing a plant, are 
related to each other it is possible to have a fully comprehensible and linear 
report compiled. Figure 4-8 shows this process (the last transformational step 
of Figure 4-1). 

 
Figure 4-8: Transformation of semi-structured text into a report 

The report is compiled and printed out according to template defined by 
the users during the interview sessions. By changing the description of this 
template of the report, it is possible to achieve a new layout. The template 



 

82 

becomes a model for how all of the different pieces of information are to be 
compiled. The structure of the template follows closely the logic of the work 
practice and the view the users has of a plant. The report is by all account the 
document that most clearly may be used to communicate a possible solution to 
a problem situation of a plant. However, both of the spreadsheet and the 
graph serves as complementing views to the report. All of these, taken 
together, make it possible for drawing as a rich picture as possible of a plant, 
capturing as many of the different aspects of the analysis work and the 
intentions that the security specialists have. 

In order to document the work process of the support tool and give the 
users guidance in managing of it a help system has been developed as well. 
This help system works alongside the support tool and serves the pedagogical 
needs. The help system functions as an electronic manual to the tool. It is 
designed as a hypertext system in order to represent better the way the users 
want or need to have information presented. 

 
Figure 4-9: Overview of the Delphi II support tool 

In Figure 4-9 above, is shown an overview of the main interface of the 
Delphi II support tool. Here we see the three main views of the system: the 
spreadsheet, the graph, and the report. In the first view, the spreadsheet, it is 
possible to make calculations and simulations with different values for 
different components and relations of a plant in an analysis scenario. In the 
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second view, the graph, overall structure of components and relations of a 
plant in an analysis scenario are made visible and it is possible to discover if 
further modeling is needed. In the third view, the structure of the analysis 
report is presented and text for different parts of the analysis scenario may be 
revised before printout. 

4.1.6 Reflections 
The process of vulnerability analysis within the practice of the security analysts 
is indeed easily characterized as one entailing knowledge intensive work, 
highly innovative and analytical, and exhibiting a high degree of interaction, 
formal as well as informal, between peers. To characterize the process as an 
“emergent knowledge process”, using the concept of Markus, Majchrzak, and 
Gasser (2002), would be to say too much. It is not a process of unstructured 
patterns of organizational activities. The process of vulnerability analysis has 
indeed a clearly defined goal (that would obvious I hope from earlier 
descriptions), and requires some specific definable skills and competence (such 
as, for instance, a set of methods and skills of using them). It is neither an 
emergent process but a clearly sanctioned organizational process suffering 
some form of budget. Characteristics of knowledge work will be further 
explored in chapter 5.1. 

Activities of knowledge sharing and learning (knowledge creation) within 
these processes are heavily situated in the work practice. The group, or 
community, of security analysts, within their practice, is indeed a good 
example of a social learning system, such as defined by Wenger (1998), and 
through their belonging to it, they come to form a learning community. Here, 
as a community they exhibit the same characteristics (mutual engagement, 
joint enterprise, and shared repertoire), as defined by Wenger, that makes it 
possible to distinguish them from other constellations within the organization. 
The nature of knowing and learning in practice will be further explored in 
chapter 5.2 and 5.3. 

For the support tool to function seamlessly and effectively within the 
practice, it should not force upon the users any structure, neither on the work 
processes nor to representation of the information that may be felt unfamiliar 
and not comfortable. If this happens the support tool will be abandoned. The 
support tool should function as a complement to their current work practice 
not become it. By stubbornly clinging to the unstructured text as a medium for 
capturing and representing the information of the users one gains the ability of 
being true and giving justice to their intentions with it. What is the point by 
working with unstructured text and hypertext representation? One needs only 
to turn to the field of hermeneutics to realize the importance of representation 
of information in unstructured form, see Ricœur (1991). Traditional databases 
usually offer a degree of structure that is too strict to fit our purposes here. 
The vocabulary offered is often too limited to give justice to the content or 
meaning of the information, i.e. too estranged from, or does not take into 
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account, the jargon, concepts or natural language that the users use in 
describing their work. The possibility of the unstructured text in offering rich 
descriptions for communicating vaguely formulated as well as clearly expressed 
thoughts and concepts renders it as the most interesting mean of representing 
information. 

One of our basic assumptions in the design of the computer-based tool was 
that the use of natural language would be the most suitable means for 
capturing and representing the analysis work. Although the users have a wide 
repertoire of experience and a lot of knowledge concerning the security 
analysis work, most of this knowledge is tacit in nature and not easily captured 
or represented. Each of the users had their own worldviews, although they 
may well be largely overlapping, and ideas about and interpretations of their 
work. A natural informal language has a large potential for rich descriptions. 
The main gain here is that the language used becomes the same for each of the 
users due to shared practice. The same jargon and technical terms are used to 
express their different ideas and perspectives. This unstructured means of 
expressing oneself offers the possibility for the users to document more easily 
their experience and insights as well as their way of going about in solving 
different problem situations. A lot of tacit knowledge may here be offered a 
possibility or media for being communicated to others. Even though the users 
may have different worldviews, the understanding of and insight into each 
other’s descriptions are facilitated by the common language, environment, 
practice, culture, and process of documenting. 

The ability to have the information stored within the support tool, serving 
directly as a basis for discussion or compiled into a report, was made possible 
thanks to the unstructured text as a means for representing information. The 
concepts represented and language used is the same as that which the users 
experience when communicating with each other outside of the support tool. 
It is here that the usefulness and appropriateness of unstructured text becomes 
especially apparent. If one wants, as an example, to have a report printed out 
of the support tool, regarding a specific issue or object, the correct pieces in 
the correct order are just compiled and delivered to the printer. The report is 
already written, so to speak, having written itself during the process of the 
work. The support tool has become self-documenting. Figure 4-10 illustrates 
the process from thought/idea to report that the support tool offers (the same 
process as illustrated in Figure 4-1). 
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Figure 4-10: The transformation process from thought/idea into a report 

The development of the support tool was indeed a time consuming feat, 
and the lessons we drew when dealing with issues of sharing knowledge rooted 
in the practice reflect this. We discovered early on in the project that users had 
a hard time of articulating their worldview to us, the developers, in terms that 
we understood. Much of the skills and understanding of their work lay 
hidden, unconsciously, deeply rooted in the practice. In order to gain insight 
into their work we had to be socialized into their world, i.e. form an identity 
with their practice that allowed for multi-membership (Wenger, 1998), both 
with the community of security specialists and with the one of the developers. 
The journey undertaken into this world was one that Lave and Wenger (1991) 
would characterize as “legitimate peripheral learning” or enculturation. We, 
the developers, had to become a “conduit” that allowed the wisdom of the 
security specialist community to pass into the sphere of IS development. This 
could not have happened unless we were part of the practice, and, at least, 
partly “owned” its jargon. This is one reason for the long development time 
and an important lesson to draw. 

The actual design process of the support tool followed an incremental and 
iterative prototyping approach with a strong user interaction, much in line 
with what Berente and Lyytinen (2006) would term as an explorative and 
sense-making approach. This approach grew out of the necessity for both 
approaching and capturing their work practice through some form of learning 
process. The issues we dealt with were found to be too soft and difficult to 
capture with a “traditional school book” engineering method as the analysis 
work involved a lot of tacit knowing, most embedded in hidden assumptions 
and unarticulated “ways of going about”. Besides being the natural way of 
developing a work support tool for a complex environment, one of the reasons 
for developing a prototype tool was to be able to give the users the possibility 
to react and discover misconceptions on our part. However, it also provided 
them with a means of discovering things they had not thought of, i.e. gaining 
insight into their own work practice and providing them with a way for 
expressing it. One underlying assumption behind the choice of prototyping as 
the method for development of work support tools is that the users do not 
often know what they want or have difficulties in expressing it. This may stem 
from the fact that their needs of information may be vaguely defined or the 
developers in the interview situation may bias them. In addition, their work 
process may have a lot of tacit knowledge embedded into it that may be 
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difficult to capture, or their aims and goals with the support tool may be vague 
or unclear. 

Prototyping as a development approach was found to be very appropriate 
in a development situation such as the one that the project represents. A 
prototype application may continuously be developed in giving the users the 
ability to react, and function as a basis for the discussions, at the interview 
sessions, between the users and the developers. This is especially important, as 
we found out, when the perceptions the users have of their situation is unclear 
or difficult to express and their information needs are vaguely formulated. 
Prototyping gives the developers the ability and means to show capabilities 
and possibilities with the work support tool that the users had not perceived or 
reflected upon and may serve in giving new insights to their work practice. 
However, it also demands of the developers to be critical and attentive to how 
their own work may influence or bias the development process. 

The strong user interaction with frequent meetings was necessary in order 
to keep the development process alive and provide a learning process for the 
community members (the users) as well. In providing means for the users to 
express themselves, we developed the support tool incrementally beginning 
with the simplest concept of the practice. This is in line with the ideas of 
Sundgren (1995). In discussing design principles for information systems with 
partially unknown needs, he defines three different categories within these 
may fall. One them concern the usage of basics concept of the object system 
associated with the information system to be designed. This approach provides 
a flexible system in situations where it has been difficult for some reason or 
other to come up with precise specifications of information needs to be 
satisfied by the information system. Sundgren (1995) points out that, 
concepts, particularly fundamental concepts, tend to change rather slowly in 
spite of a dynamic business environment. Here these concepts, on a basic level 
come to provide the focal point for articulating tacit knowledge, as Polanyi 
(1967) would agree. According to Sundgren (1995), a conceptual modeling 
approach may provide either a common description model in ordinary 
language of the practice, a common professional language in preserving the 
jargon of the practice, or a formalized conceptual model, which may be 
understood and used by both the professionals and the system involved in the 
practice. This approach was necessary in supporting the shared repertoire 
within the practice and facilitating mutual engagement. 

The users of the support tool have during the development process 
constantly provided us with feedback and taken an active part, which has 
ensured us that we were on the right track. The incremental and iterative 
development of the support tool has provided us, without any doubt, with the 
necessary possibilities for capturing the “tacitness” of the practice, surfacing 
and questioning assumptions, reflecting upon concepts used, and so forth. In 
short, it provided not just us, but the users as well with a necessary forum for 
learning by both capturing and structuring the wisdom of the practice and 
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reflecting upon that structure. The lessons that are learned from the 
development of the support tool, all, more or less, relate to how we 
approached the actual development process in capturing that elusive knowing 
in practice. 

4.2 Towards an initial understanding of designing 
In this section, I will gather the experience of the Delphi development project 
and propose a view or perspective of the design situation that better reflects 
what designing is about. Rather than viewing it as a straightforward 
engineering approach, a planned and formal endeavor, it is best viewed as 
fluid, dynamic, and explorative process caught in the moment and very much 
situated. 

At the outset of the project, we had no real expectations. In our minds, the 
project would be development work where the users supplied us with their 
needs and we provided them with a solution. It seemed like that from the way 
the project was described: a support tool to help documenting the activities of 
security analysis work and enable these to be communicated more easily. 

Well, to summarize my experience, this project could be best described as 
an explorative voyage, where the evolving artifact was used as the vehicle for 
travelling. It was a design work characterized as us developers being encultured 
into the world of the users and their practice to be able to grasp the elusive 
tacit knowing, to paraphrase Lave and Wenger (1991) when they talk about 
how apprentices learns the tricks of trade from their masters. However, this 
went the opposite way also as users were brought into the world of developers 
and technological possibilities and constraints. It could be characterized as 
design work that was an iterative process of exploration and sense making, 
much in line of how Berente and Lyytinen (2006) see it. It could be 
characterized as design work that depended on the work situation, where users 
tried out the proposed design solutions, reflected upon them, as an instrument 
of learning to better articulate their tacit understanding and wants. 

The design work followed no specific methodology, but rather made do 
with what was available as the drama was played out, much like Suchman 
(1997) talks about. Even such situated design methodology as outlined by 
Lueg and Pfeiffer (1997), and presented in chapter 2, is too optimistic to have 
served as a “recipe” for success. One cannot make an analysis of the complete 
working situation, pointed out in step 2, unless one has unlimited resources 
and access of every aspect of that work. The best to hope for is to grasp some 
aspects, and, just like throwing a pebble into the pond, observe and reflect 
upon how the waves ripples outwards, i.e. what effects the initial prototype has 
and learn from that. 

It is far better to view the design situation as not a methodology to follow 
but rather as process of designing in the situation, where points of delivery 
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may be defined as natural stopping points in the process when visions and 
design converge in some form of understanding. Towards this end, I will, in 
the following subsections propose a perspective (or model) of designing that 
better reflects this. 

4.2.1 Worlds of design activities 
I will now illustrate how I came to experience the design work, or design 
situation, within the Delphi project. In Figure 4-11, I have illustrated the 
design situation as a whole, a situated designing world, compromising 
different interacting or interdependent sub-worlds, in which design activities 
takes place between all participants. 

The private experienced world
(enacted practice)Converged

Wanted

Experienced

Interpreted

Reinterpreted

Reflected

Envisioned

Conceptualizing

Refining/reflecting

Experiencing/reflecting

The situated designing world
(design practice)

Materialized

The shared envisioned world
(conceptual practice)

The private interpreted world
(artificer practice)

Explorative/sense-making

 
Figure 4-11: Worlds of design activities (the design practice) 

Here, I come to follow in the footsteps of Gero and Kannengiesser (2004). 
However, I do not depict these worlds in the same manner or use the same 
labels, although there are similarities. The reason for this is that Gero and 
Kannengiesser modeled these worlds as nested or embedded, one within the 
other, (cf. Gero and Kannengiesser, 2004, p. 380), and I do not recognize 
them as such in this case. These sub-worlds are all distinct, and entail different 
perspectives and activities, although they are interdependent. One could think 
of them as different tunes or parts of the same musical piece, each contributing 
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in their own fashion to the greater harmony, or think of them as different 
themes of the same discourse. 

We could call the worlds or arenas for design as well instead of worlds of 
designing to stress further that they are indeed stages for action and activities 
of design. However, I favor the notion of “world”, as it relates to the concept 
“life-world” of Husserl (1978), that dynamic horizon of all our shared human 
experience, the background on which all things appear as themselves and 
meaningful, in which we live and nothing can appear on it except as lived. The 
notion of the design practice as a world of designing emphasizes its very 
situated nature. It is a world that can only be experienced when being there in 
action. 

There are many elements within Figure 4-11, and I will address them each. 
However, let me first give a brief explanation of some of them before I delve 
into the sub-worlds and their interdependencies. The clouds represent the idea 
of what the artifact would or could be, i.e. the vision in our minds. The 
squares represent the actual artifact. Figure to the far left in each world 
represent the user(s) and figure to the far right in each world represent the 
developer(s)/designer(s). 

The shared envisioned world 

In the shared envisioned world is the “arena” where user and developers come 
together to make sense and reach a common understanding of where and how 
they are heading. 

It is a world of conceptualization, socialization, and drawing on 
whiteboards. It is here that the “want” triggers the debate about what may be 
done to satiate it. As the want enters the world of designing, agents are 
brought together and this sub-world is nascent as the first theme of the 
discourse opens up. 

At first, it is an arena for enculturation into each other’s worlds. Users need 
to be invited into the world of technological possibilities and constraints, to 
see what can be done and get an understanding of how it may be realized. 
Developers need to be invited into the world of the practitioners to build a 
frame of understanding on which they can lean upon in realizing the design. 
Both parties being engaged in some form of a legitimate peripheral learning 
process, in the same sense as Lave and Wenger (1991) define it. First 
observing, as apprentices, then gradually entering further into the domain, as 
more is mastered, and being able to interact. 

Then, gradually as a history of shared explorations into each other’s 
domains emerges as well as a common repertoire of expressive signals to dress 
thought, it becomes an arena of naming and framing. The want is given flesh 
to the vision by naming it, giving it an identity, and putting it into different 
contexts, viewing it with different spectacles, much in the same sense as Schön 
(1983 & 1992) views designing. 
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I said this is also a world of whiteboards. To talk about a design not yet 
fully realized is an abstract business to be engaged in. The best to hope for is 
to be able to talk about it through its conceptualizations, i.e. its 
representations as models and drawings, hence the whiteboards. Sometimes 
workshops may be held to demonstrate functionality of the prototype system 
under artificial conditions, at best mimicking some aspect of the practice. 
Nevertheless, it is still an abstraction not yet come to life. True live 
experiencing may possible only be achieved in an ongoing working practice. 

This is what almost all the Delphi projects meeting looked like. It was 
during these meetings we, the developers, came to have a glimpse of and being 
gently introduced to the workings of the practice, its concerns and hopes. At 
the same time, we had the opportunity to suggest technological solutions to 
meet these concerns and hopes, as well as point out and demonstrate 
possibilities. 

The private interpreted world 

This is the private world of developers, or designers, the world of crafting and 
realization. It is here that the refining and materialization of the artifact takes 
place, the vision is given physical shape. It is a private world, like the painter 
working behind his canvas, not easily nor readily accessible or transparent to 
the users. Designers need to withdraw, with, for the moment, a set of stable 
assumptions and understandings, in order to mold, shape and try out the 
evolving artifact. 

Into this world is brought the developers interpretation of what the future 
system will look like, how it will merge with, and function within the work 
practice. The vision and the evolving artifact are brought into a dialogue, 
much like the idea of reflective conversation of Schön (1992). The developer 
creates an imaginary world, built up of what he or she expects to find in the 
practice, or how he or she perceives to function, i.e. trying to put themselves in 
the shoes of the users. This imaginary world, a clearly confined micro-cosmos 
by all means, created with the help of the vision, enables the designers to play, 
as a user might do, with the artifact, test it, and reflect upon how it works and 
looks like. Hence, the importance of the enculturation in the shared 
envisioned world. 

Assumptions about the artifact and practice are tested against the vision, 
serving as the workbench to the developers. This may give rise to tensions due 
to misconceptions or perceived lacks or gaps of proper understanding. In 
addition, tension may be brought about in realizing that new possibilities are 
available enabling to see things differently that the users may or may not have 
been noticed being caught up in their everyday work life, taking it for granted. 
All of these could be brought back to the shared envisioned world, as needs for 
reinterpretation of the vision, to further the fuel of debate there. 
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The private experienced world 

The private experienced world is where the users worked (enacted), 
experiencing the everyday ongoing business. It is a world that is more or less 
private to them from the perspectives of us the developers. We may glimpse 
part of their domain through the feedback we get when they play with our 
designs, or in the shared envisioned arena where we may become, in part, 
encultured through building a common vision. We, the developers in the 
Delphi project, had no other insight into their world. Even if we had 
workshops and visited their workplace, we could never reach that tacit 
understanding of what their world was all about, the insights and shared 
histories, their anxieties and joys, i.e. to walk in their shoes. Unless of course 
users and developers are the same, all worlds blend perfectly, it is a different 
matter. 

It was to this private experienced world the users brought in the artifact 
and played with it, confronted it with their visions, and reflected upon it. 
Immediate reactions to the current conditions could be brought back to us, the 
developers, as feedback through e-mail and phone conversations. Reflections 
and explorations having an impact on their vision of the artifact were brought 
back to the shared envisioned world as new energy to spur further debates and 
conceptualizations. 

4.2.2 The input and output 
Let us look at the world of designing as a process with a distinct input and 
output. The input to the designing world at the outset is best described as 
something that is “wanted”. It is no more specific than that. This “wanted” is 
the vision, the idea, the intent, the dream of, or longing for something to be 
accomplished or achieved. Every participant carries an image with him or her, 
a preconception of some sort. Stolterman (1991b) has looked into the early 
vision that developers carry with them into the design process. This “want” is 
what motivates all the agents, users and developers in this case, to come 
together and form a world of designing. The energy motivates and spurs 
productive achievement. In the case of Telia, it was the idea of a support 
system to help document security analyses and communicate these. That it 
later grew into something more is a continuation of that “spark” that could be 
seen as a natural development as more was learned and explored. In this, as the 
vision manifests itself into a material design it comes to function as means of 
exploration and a vehicle for learning. 

The outcome of the designing process is something that has “converged”, 
the materialized vision. Here I use the term converge much in the same sense 
as Berente & Lyytinen (2006) to point out that natural stopping points in an 
iterative design process emerges when the wanted and the materialized 
harmonizes at the moment of observation. It is that which results when a 
stable artifact encapsulating all that has been learned so far meets the current 
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state of the vision. In the case of Delphi project, it became that of a fully 
functioning prototype, a proposal for design by all means, which could be 
taken as a continuation for exploring the practice again at a later stage. Here I 
use the term design proposal in the same sense as Bratteteig and Stolterman 
(1997), drawing on Stolterman (1991a), to denote some form of stable system 
specification that could be moved into implementation. Of course, other 
stopping points exist, such as the end of a budget, resources, or time-period. 
These may coincide with the more natural ones if iterative changes in the 
design are taken in small steps and discussions in the shared envisioned world 
are centered on this very fact. The Delphi project had such end of project 
budget towards the spring of 1996. Our development efforts were in tune to 
what could be achieved up until that specific point in time. As it turned out, 
our efforts bore fruit. Our proposal for design, the fully functioning prototype, 
could be picked up again, triggering a new round of debates, if more resources 
were to be allocated, motivated by further interests in expanding upon and 
exploring the vision. However, no such resources were forthcoming in our 
case. 

4.2.3 Design world interactions 
I have stated earlier that the worlds of designing are interdependent and inter-
related. These sub-worlds are not isolated islands of course. We have glimpsed 
some of this from my previous account of the different worlds. There exist a 
number of relations, similar to those depicted by Gero and Kannengiesser 
(2004). It is now time to explore the nature of these inter-relationships. In 
Figure 4-12 below, I have proposed a more simplified view of the design 
practice to emphasize these relationships. 

Between the sub-worlds, there are essentially six relations, as shown in 
Figure 4-12. Here one must be careful not to view the relations as indicating 
that some form of objectified entity traverses along these, as something that is 
transferred across the boundaries between the sub-worlds. Rather, if we were 
to put the vision of the artifact in the middle of the picture, then the labels 
point out the state in which the vision of the artifact is currently being in, or 
how it is perceived. 
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Figure 4-12: Design practice simplified 

Let us start with those relations connecting the shared envisioned world 
and the private interpreted world. From shared envisioned world the 
developers or designers bring with them their vision of what the artifact is 
about, the understanding of what the practice is and what the users want. This 
interpreted vision is what guides and drives the design. As the vision at the 
same time embodies the designers understanding of what the practice is, it 
serves as a reference for testing out design alternatives. This is not a one-sided 
conversation. As the design enfolds and comes to embody the designers 
understanding it may give rise to tension between the vision and the artifact. 
Questions may rise due to gaps and needs that were not foreseen. A need for 
reinterpretation of the vision arises, framed as either questions for clarification 
or suggestions for further design. These same needs for reinterpretation could 
rise, as they did on several occasions in the Delphi project, due to the feedback 
given to the artifact as users experienced it in their private experienced world. 

In between the private experienced world of the users and the private 
interpreted world of the developers or designers, the vision either belongs in a 
state of materialization or as experienced. At some point during the designing, 
the artifact reaches a stage when enough of the interpreted vision of the 
designers has congealed into physical form and a need for putting it to test 
arises. Remember, true live experiencing of an artifact may only be achieved 
once it introduced into the practice. Thus, it is delivered in a materialized 
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form. These points of delivery may be scheduled, as they mostly were in the 
Delphi project, or could rise from a need to try out new aspects of the design. 
Users confronting the artifact, trying play and work with it in situ may come 
back with immediate feedback as the artifact becomes experienced, leading to 
fine-tuning, clarifications, and so forth. This interplay between the two sub-
worlds may not lead to a questioning of the vision as such, but may give rise to 
tensions in the private interpreted world suggesting a need for 
reinterpretation, and may feed the users reflection and questioning of their 
vision. Often in the case of the Delphi project this interplay took the form of 
users asking for technical support, asking how this and that function worked, 
or reporting errors and bugs, and us developers following up the delivery with 
questions as to how they received or perceived different aspects of the design. 

Finally, in between the shared envisioned world and the private 
experienced world the vision of the artifact belongs in either a state of being 
envisioned or reflected. From the shared envisioned world the users will 
naturally carry with them their idea of what the system will be like, what it 
may or may not do, their expectations (or anxieties if they have not seen 
anything yet). As the materialized vision is delivered into their domain and 
confronted with their everyday on-goings, becoming experienced, it is only 
natural to expect some form of reaction. This could seed the reflection, 
learning, and questioning of their vision, and could be brought back to the 
shared envisioned world at the next meeting there. In addition, the 
confrontation between their envisioned artifact and the materialized one, 
could also seed the exploration of their own practice as the artifact could help 
surface tacit assumptions made explicit through the design. However, what 
gives rise to these relations is from the point of developers or designers not 
always transparent. In the Delphi project, we could only catch glimpses of 
what truly happened in the private experienced world of though interactions in 
the shared envisioned world and through the interplay between the private 
interpreted world and the private experienced world. 

4.2.4 The evolving artifact 
There is one element in my view of the design situation, which needs some 
further elaboration. It concerns that which is the gravitational point around 
which all activities centers, that which “traverses” from the wanted and to the 
converged, the evolving artifact, in between the artist standing in front of the 
empty canvas with a freshly paint-covered brush and the moment when the 
painting is uncovered. It is an entity seen to be moving between the sub-
worlds, spanning the boundaries of different cultures, domains, and landscapes 
in much the same sense as Bowker and Star (2000) defines it. It is an object 
serving as bridge between technological possibilities and opportunities of the 
practice. It may seem, as the artifact is really moving between the world, when 
it is actually the conversation or discourse that changes focus or theme. The 
artifact, or rather the vision of the artifact, is the focal point for the ongoing 
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dialogue, that which we talk about and with which we travel and explore the 
universe of the design situation. 

Bratteteig and Stolterman (1997), drawing on Stolterman (1991a), have 
here contributed to our understanding of the design situation. They portrayed 
this “object” as an operative image, which the designers work with. To them, 
the design situation consists of three levels of abstraction of the future system. 
Into the design situation designers enters with an initial vision of the future 
system, and as soon as they start designing the system, it turns into an 
operative image, in all its possible representational forms, around which all 
design activities and discussions center. As design stabilizes, and requirements 
are met, the future system takes the form of a proposal for design (a 
specification), something that is ready to stand on its own, perhaps as fully 
functional prototype to be embraced by the users. This is not a linear process, 
the operative image is both influenced by and influencing the vision. Even the 
resulting design proposal may influence the vision of the future artifact and 
trigger further design activities. Later, Löwgren and Stolterman (2004) have 
come to depict these three levels of abstraction of the design process as shown 
in Figure 4-13, seemingly stressing that these levels of abstractions influence 
and overlap each other more than what may be discernible in Bratteteig and 
Stolterman (1997). 

Vision
Operative 

image

Specific-
ation

 
Figure 4-13: Vision, operative image, and specification (adapted from Löwgren & 

Stolterman, 2004, p. 21) 

I feel more comfortable with the view of Löwgren and Stolterman (2004). 
It harmonizes better with “that” which is evolving in the explorative and 
sense-making iterative process. However, as was experienced in the Delphi 
project, there was really no telling apart of these three concepts, notions or 
levels of abstraction. Our evolving vision of the artifact exhibits all these 
abstractions simultaneously, being intertwined. We entered the design 
situation with a “want” and exited with a “convergence”. The idea and artifact, 
i.e. the slow manifestation of the want, were not simply separable in neat 
distinctions as that which Löwgren and Stolterman (2004) depicts. Of course, 
at the outset of the design venture, the notion of the vision may be clearly 
more emphasized, and the notion of a design proposal may be more 
emphasized the closer one comes to a point of convergence. If one wants, it is 
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possible to relate the levels of abstraction of Löwgren and Stolterman (2004) 
to my view of the design situation in Figure 4-11. Then, it seems natural that 
the vision would seem to belong more to the shared envisioned world, the 
operative image would seem to belong more to the private interpreted world, 
and the specification would seem to belong more to the private experienced 
world. I emphasize that they would seem to belong more to one world or 
another, but as I have pointed out, these levels of abstractions were not clearly 
distinguishable, and placing them in one world or another could just be seen 
as a semantic exercise. 

Instead of using the concept of Bratteteig and Stolterman (1997) of an 
operating image, I would rather use the concept of Berente and Lyytinen 
(2006) of an iterating artifact. The iterating artifact, our materialization of the 
evolving vision, is not only the very instrument of capturing, exploring and 
making-sense of the practice, to meet the needs and wants of the practice with 
possibilities and limitations of technology, it is also the very discourse, that 
which we talk about and frames our conversations. It is a vehicle of grasping 
the multiverse of possibilities as they are played out when our understanding 
grows, as well as an embodiment of the same. I think the concept of an 
iterating (or evolving) artifact, better reflects the nature of the design situation. 
The iterating (or evolving) artifact is in Figure 4-11 represented 
simultaneously as the cloud and the box, the idea and the designed. In the 
shared envisioned world, it is represented as the idea of the artifact held in 
common by developers and users. 

4.2.5 Summing up 
That the approach to the development has been that of prototyping is not so 
strange, but more of a necessity. The design process has been regarded as a 
vehicle for learning, as solution to communication problems between the 
users, i.e. the domain experts, and us, the developers, in capturing better ideas 
of what the system should look like. It has also been regarded as a vehicle or 
instrument to make sense of the living practice and changing requirements. 

The role of prototypes and prototyping has been recognized by Mörtberg, 
Bratteteig, Wagner, Stuedahl, & Morrison (2010) as a means to present 
representations of possible design solutions, and as a means to involve users. 
Here, the authors point out, they may demonstrate alternative designs of the 
same applications, give hands-on practice and create discussion about 
computer support in the work practice. 

Use of prototyping approaches to system development has a long tradition. 
One has only to turn to the work of Christine Floyd (1984) to get an excellent 
overview. In her work, she has, among many things, elaborated between three 
main approaches to prototyping: explorative, experimental, and evolutionary. 
Explorative prototyping emphasizes the clarification of requirements and 
desirable features of the target system, where alternative possibilities for 
solutions are discussed. Experimental prototyping emphasizes the determining 
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of the adequacy of a proposed solution, before investing in large-scale 
implementation of the target system. Evolutionary prototyping emphasizes the 
gradual adaption of the system under development to changing requirements. 
The approaches may be complimentary, she admits, but their respective 
purposes are quite distinct. 

In retrospect, I recognize that our approach has taken the flavor of 
exploration and evolution, as well as sense-making qualities. Which one at a 
given time has been dominant or not, cannot clearly be distinguished. 
Changing requirements have called for either the one or the other in varying 
degrees. This blending of approaches may be attributed to the fact that not 
only the actual process of design has functioned as a vehicle of leaning but also 
the artifact in itself, the prototype system. The artifact has iteratively been 
developed and moved between the developers and the users, and has come to 
encapsulate more and more of the understanding of the design situation. The 
role of the iterating artifact in the development process has been investigated 
quite thoroughly by Berente and Lyytinen (2006). They are quick to admit 
that to work iteratively in developing a system is a fundamental principle and 
concur with Simon (1996) that all design is, by nature, iterative. In looking at 
such development approaches that are evolutionary, participatory, and sense-
making oriented they recognize that the aim or the impact of the artifact is to 
support learning and experience, accommodate multiple perspectives, and 
improve and refine understanding of developers and users. 

In moving iteratively between users and developers the prototype system 
became a boundary-spanning object, linking the worlds of designers and users, 
creating a means for shared understanding. Morrison, Stuedahl, Mörtberg, 
Wagner, Liestøl, and Bratteteig (2010) point upon that the role of objects 
spanning the boundary of different social settings have been widely recognized 
within the CSCW research community. They point towards Bowker and Star 
(2010) in approaching an understanding of the nature of such objects. 
According to Bowker and Star (2000, p. 297), boundary objects “are those 
objects that both inhabit several communities of practice and satisfy the 
informational requirements of each of them”, and they “have different meanings in 
different social worlds but their structure is common enough to more than one world 
to make them recognizable, a means for translation”. Further, they point upon the 
work of Boujut and Blanco (2003) that examined the central role such objects 
play to forming an understanding of the design situation, as a means for 
constructing conceptual frames that formalizes and represent shared 
knowledge. Lastly, they point upon the work of Lee (2007) that introduced us 
to the idea of boundary negotiating artifacts, i.e. objects that challenges 
participants in cooperative work to re-negotiate and explore boundaries. 

The design process has indeed been one of reflection-in-action in the 
Schönian tradition (Schön 1983). All learning in the design process has been 
that of reflecting upon action taken in the situation, either by us developers in 
designing the prototype or the users in “playing” with it in their work context. 
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This tradition has also been acknowledged and followed by Simonsen and 
Hertzum (2010). Through their iterative model of the sustained participatory 
design process, they have recognized that experimentation, reflection, and 
learning are inherent in all design activities. 
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5. KNOWLEDGE WORK PRACTICE 

The ambition of this chapter is to examine the nature and concept of the 
knowledge work practice to further our understanding with regard to how it 
affects and conditions our development efforts of systems supporting work 
within it. I find that it is important to pay attention to the characteristics of 
such a practice with regard to how we as system designers and developers may 
successfully intervene into it, come to understand it, and deliver usable work 
support systems or tools. 

As I conclude from chapter 4, a knowledge work practice is different to a 
more formalized work practice, where the nature of work may not be so 
associated with creative and emergent problem-solving, focused on knowledge 
production, and relying upon many and varied sources of tacit knowledge for 
its successful completion. This difference may limit what is achievable by more 
traditional engineering development approaches, as they are more formalized 
by nature and may not be suitable means of capturing and understanding the 
non-formalized and tacit aspects of a knowledge work practice. 

To live up to my ambition here, I start by first examining what knowledge 
work is, then examining what knowledge and learning in the practice is about, 
two concepts much associated with knowledge work. Finally, I look into the 
concerns the knowledge work practice holds for the design and development 
of systems supporting such work. 

5.1 Knowledge work 
The aim of this section is to bring clarity to the concept of knowledge work, 
and in extension those who do the work, the knowledge workers. An 
understanding of what constitutes knowledge work, the practice, is sought, as 
opposed to other types of work such as white-collar work, and an 
understanding of how we are to approach it in order to understand it. For this 
reason, I will draw upon the work of Schultze (2000) and Scarbrough (1999a; 
1999b) on knowledge work and knowledge workers. 
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In order to approach the elusive concept of knowledge work I will start by 
drawing upon the work of Schultze (2000). She did an ethnographical study 
during an eight-month period in a U.S-based Fortune 500 manufacturing 
company to develop a grounded understanding of what producing information 
means and what knowledge work is. Schultze (2000) points out that despite 
the fact that much research has been conducted regarding the production of 
information, little or no attention has been given to detailed exploration on 
what knowledge work is, i.e. producing and reproducing information and 
knowledge. She further points out that even though many knowledge 
management theories have focused on classification of knowledge, a definition 
of knowledge remains elusive. She follows the recommendation of Blackler, 
Reed, and Whitaker (1993) that research on knowledge work should be 
focused on what people do, their work practice, rather than what they know, 
or say they do. Here, Schultze (2000) takes a practice-oriented approach, 
focusing on “the socially situated, meaningful and intentional actions that follow 
certain general principles of procedure” (Schultze, 2000, p. 4), taking into account 
both objectified social structures that frame actions and the construction of 
these structures. 

Schultze (2000) further defines that knowledge work is a special form of 
white-collar work, including professionals, consultants, technicians, scientists, 
intellectuals, and managers. Here, knowledge work may be characterized as: 
 Work producing and reproducing information 
 Work of cerebral character, involving manipulations of abstractions and 

symbols that both represent the world and are objects in the world 
 Work that defies routinization, requiring use of creativity in order to 

produce idiosyncratic esoteric knowledge 
 Work requiring formal education, such as abstract, technical and 

theoretical knowledge 
 
She further states that to define knowledge work in terms that are more 

absolute is difficult due to its ambiguous character for several reasons. One 
reason is the distinction between information and knowledge, still an unsettled 
debate. However, drawing on Nonaka and Takeuchi (1995) information may 
be seen as a flow of meaning and significance that changes a stock of 
knowledge. Another reason for ambiguity is the characterization of 
knowledge. On the one hand, knowledge is characterized as a stock, implying 
it can be produced, although only once since it is never used up, shared or 
rented, but never owned or consumed. On the other hand, knowledge is 
perceived only in the action of people, the capacity to act, embodied in 
individuals. Schultze (2000) takes the stand that information and knowledge 
are in a mutually constitutive relationship. Seeing information as a flow of 
objective facts and the lowest form of knowledge, derived from the stock of 
knowledge and carrying with it the capacity to change that stock. As 
knowledge may only be perceived as soon as it is instantiated in either human 
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action or information, one must focus on the work practices, the action of 
knowledge workers as they produce information. A focus she captures in the 
concept of informing practices. 

Schultze (2000) points out that much attention within the knowledge 
management literature is concerned with the identification of individuals’ tacit 
knowledge and its capture into informational objects that can be 
communicated to others. Here, tacit knowledge is seen as a form of subjective 
“know-how” allowing people to act. This attention has highlighted the 
dichotomy between the objectivity and subjectivity of knowledge. Objectivity 
is associated with representations of an external reality, free from a distorting 
perceptual bias of the individual thinking agent. Subjectivity, in contrast, is 
associated with the emotional, personal, individual, and idiosyncratic side of 
human perception and knowledge, referring to social phenomena solely within 
the observer’s mind, defying direct observation. 

However, Schultze (2000) draws on social constructionists as Berger and 
Luckmann (1966), stating that a position neither of absolute subjectivity nor 
of absolute objectivity regarding knowledge is possible. Both are relative, 
inextricably intertwined, and mutually constitutive. Schultze (2000) then 
points out that the difficulty lies in convincing others of the reliability and 
validity of a knowledge worker’s claims. She suggests that the articulation of 
tacit knowledge may not only be made difficult by the individual’s inability in 
articulating it, but also by the constraints, such as acceptable format, language, 
and backing evidence, that others in the social community impose on its 
articulation. Thus, the articulation of an individual’s subjective insights and 
tacit knowledge must be done in consistency with the community’s 
expectations of what constitutes informational objects. 

To sum up Schultze (2000) standpoint, knowledge work is the production 
and reproduction of informational object, human work requiring feeling and 
thinking agents bringing with them their subjectivity and tacit knowledge to 
bear upon the informational objects produced. To be useful as means of 
transferring knowledge, facilitating control at a distance, the informational 
objects produced must be convincing to the recipients of their reliability and 
validity, i.e. their relative objectivity. 

Now I turn to the work of Scarbrough (1999a; 1999b) for further 
enlightenment. Scarbrough gives credit to Peter Drucker (1988) as being the 
one who coined the notion of knowledge work, contrasting it with service 
work and manual work. Knowledge workers are presented as a new type of 
occupational group, qualitatively different from other occupational groups of 
the old industrial economy. 

The growing importance and attention to the concept is due to the 
emergence of a globalized, post-industrial economy where knowledge has 
come to replace capital as the driving force behind competitive advantage. 
Scarbrough (1999b), drawing on Davenport, Jarvenpaa, and Beers (1996), 
characterize knowledge work as: 
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 Work with variety and uncertainty in inputs and outputs 
 Work with unstructured and individualized rules and routines 
 Work with a lack of separation among process, outputs, and inputs 
 Work lacking measures 
 Work exhibiting worker autonomy 
 Work of high variability in performance across individuals and time 

 
The problem with this type of characterization, Scarbrough (1999b) points 

out, is that distinguishing knowledge work from routinized or taylorized work 
does not differentiate between different kinds of knowledge work, or between 
routinized work that defy programming, e.g. managerial work. Here, as 
Scarbrough (1999b) continues, many scholars have tried to solve this 
ambiguity by differentiating between information workers, carrying out 
routine information tasks, and knowledge workers, applying high levels of 
abstract and specialized knowledge to the interpretation of information and 
the production of services and goods. Based on this type of differentiation, 
classifications of different knowledge work groups have been attempted. 
Drawing on Reich (1991), Scarbrough (1999b) gives the examples of “problem 
solvers”, such as R&D experts and designers, “problem identifiers”, such as 
marketers and advertises, and “brokers” such as financers and contractors. 
Even Davenport, Jarvenpaa, and Beers (1996), Scarbrough (1999b) continues, 
give similar examples of groups labeled as knowledge workers such as auditors, 
HRM managers, credit controllers, R&D, and IS staff, with the rational that 
their role involved acting on knowledge (finding, creating, packaging, 
applying, or reusing knowledge). 

Scarbrough (1999b) points out that critique have been raised towards all 
these classification efforts as representing a “sprawling mass of generalisations” 
(Scarbrough, 1999b, p. 476). This tendency in lumping together a variety of 
occupational groups reflects the elusive qualities of knowledge. Since 
knowledge, Scarbrough (1999b) reflects, is without question an 
anthropological constant in all human societies, this may lead to a view of all 
work being perceived as knowledge work. 

Other critique Scarbrough (1999b) points out is directed towards the 
futurological tendency in the debate where knowledge work is seen as an 
emerging force in society and accounts of knowledge work are often based on 
the projection of the future. However, Scarbrough continues, extrapolating the 
future based upon current trends suggests the existence of predictable uniform 
patterns of change, which neglects the contradictory nature of change in itself. 

Scarbrough (1999b), also points out that the view of IT, as promoting 
knowledge work is also problematic and questionable. It suggests a view of IT 
always being operated in a benign way. However, IT systems may be used to 
convert specialized expertise into a commodified form that allows easy 
reproduction of knowledge at minimal costs, undermining or displacing 
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experts. Scarbrough (1999b) points out that it has also been reported that in 
many instances IT has been used for surveillance and monitoring instead. 

Instead of trying to define what knowledge work is, Scarbrough (1999a) 
approaches it from the concept of knowledge workers. Here, he starts by 
stating that the increasing use of the concept is easy prey for criticism due to 
lack of methodological and theoretical rigor. As many accounts of knowledge 
workers are uncritical and based on a “spurious futurology” (Scarbrough, 1999a, 
p. 6), he attempts to rescue the concept from its most “enthusiastic champions” 
(Scarbrough, 1999a, p. 6). Scarbrough (1999a) does so by locating knowledge 
work within relations of employment and control. Here, social and 
institutional conditions of the work process are shaped by “endemic, multi-level 
conflicts and contradictions” (Scarbrough, 1999a, p. 6). He takes a sociologically 
grounded view of knowledge work, emphasizing the role such work has in 
advanced industrial societies. Scarbrough (1999a) claims that characteristic 
features of social formation of knowledge takes an antagonistic stance with the 
economic institutions of the late modern capitalism. He points out that from a 
sociologically grounded view, knowledge is conceived of as knowing as an 
active lived experience, whereas from the opposite position it is viewed as a 
commodity within firms and markets. The emergence of knowledge work as a 
concept then comes to reflect the displacement of this conflict, alleviating 
traditional antagonism between professionals and business organizations. 

Knowledge workers, according to Scarbrough (1999a) are not a discrete 
occupational group. Most definitions group together a whole variety of 
occupations and roles, e.g. research and product development, advertising, 
education and professional services such as law, accounting and consulting. 
Knowledge workers are defined primarily by the work they do, relatively 
unstructured and organizationally contingent, reflecting changing demands of 
organizations rather than occupationally defined norms and practices. 

According to Scarbrough (1999a), knowledge workers may be seen as the 
beneficiaries of a change in the nature of work that cuts across occupational 
groups, creating new ones and changing roles. It is, he states, drawing on 
Barley and Orr (1997), a form of technicization of work, i.e. it is 
comparatively complex, analytic and even abstract, making use of tools in 
generating symbolic representations of physical phenomena. Scarbrough 
(1999a) points out that the trend here is a shift from the institutional setting 
for knowledge work away from the profession towards an organizational 
defined context of use. Whereas, he continues, professionals work from 
knowledge, drawing on an established occupational body of expertise, 
knowledge workers work with their own knowledge as well as that of others, 
“communicated through information systems and artefacts, as well as the 
organizational and technical knowledge encoded in programs, routines and 
managerial discourse” (Scarbrough, 1999a, p. 7). 

The rise of knowledge worker groups, according to Scarbrough (1999a), 
stems from several sources. First, the decline of the professional model in 
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general and the erosion of the position of many professional groupings in 
particular, have led to an undermining of the paradigmatic model of 
professionalism for organizing knowledge. Then, it stems from the influence 
ICT has had on the development of knowledge work. Here, Scarbrough 
(1999a) notes that, ICT has allowed for an increase in codification of 
knowledge easily transmitted, a commodification of knowledge. This has 
occurred on three levels. First, having enabled tacit and embodied knowledge 
to be captured into symbolic form, to be incorporated in artifacts and 
transmitted. Second, this has led to the knowledge being easily manipulated, 
objectively deployed, and combined with other forms of packaged knowledge. 
Third, the effect ICT has had on encouraging the emergence of looser and 
more spatially distributed forms of organization, where traditional ways of 
acquiring and controlling knowledge, such as the professional model of 
specialist functions are displaced in favor of networking and market-oriented 
ways of organizing work. 

From the accounts of Schultze (2000) and Scarbrough (1999a; 1999b) a 
picture emerges of knowledge work as work that is non-routinized, practice 
oriented, social, and cerebral. 

Both authors seem to agree on the general characterization that knowledge 
work defies routinization, i.e. programming. It cannot be captured into set of 
organizational rules and routines, difficult to measure, autonomic, and difficult 
to predict. Yet, Schultze (2000) says such work must follow certain general 
principles to guarantee that the outcome is meaningful to recipients, and 
Scarbrough (1999a; 1999b) goes so far to say that though it is unstructured it 
is nevertheless organizational contingent. However, Scarbrough reminds us, to 
define any work defying capture into routines and rules, as knowledge work is 
not enough. Managerial work is not thought of as knowledge work, yet it 
defies strict programming. Thus, further distinctions are needed relating more 
to the content of their work, what is produced and how. 

Both authors also seem to agree that to understand what knowledge work 
is one must look at what people do in their practice, not what they say. 
Knowledge work is situational in so far that it is the demands of the practice 
and the situation at hand that defines or constraints the work. Schultze (2000) 
takes a practice-oriented view in stating that knowledge in the work is only 
observable as instantiated through people’s action as they produce 
informational objects. This is in agreement with the position that if 
knowledge work is not programmatic then the only source of knowledge of 
what is going on is the living practice. Here, Scarbrough (1999a; 1999b) 
approaches the concept of knowledge work as practice based by saying that 
knowledge workers are defined by what they do, thus in effect putting the 
focus on the actual actions of the workers in the practice. 

Further, both authors also seem to agree that knowledge work is social. 
This does not necessarily mean that such work is performed in collaboration 
with others, but that the knowledge used in the work is socially defined, i.e. 
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contingent upon the community. To Schultze (2000), this means that for the 
informational objects produced to be meaningful, in transferring knowledge 
successfully, they must be consistent with the community’s (the recipients) 
expectations of what constitutes informational objects. Even though an 
individual’s subjectivity and tacit knowing is brought to bear upon that which 
is produced, it must somehow carry with it claims of objectivity, i.e. being 
meaningful to others. To Scarbrough (1999a; 1999b), the social nature is 
evident in, as he points out, that knowledge workers do not only work with 
their own knowledge but with that of others as well, implying that for 
knowledge to be useful or transferred to others, it must be meaningful within 
the community of knowledge workers. 

Finally, both authors also seem to agree that knowledge work is not only 
requiring knowledge, but is working with knowledge, the workers’ own and 
that of others, producing or reproducing it, to be used by others. Knowledge 
work is cerebral work in so far that it is comparatively complex, analytic and 
even abstract, making use of tools in generating symbolic representations of 
physical phenomena. It requires some form of formal schooling, not only for 
the worker to reach the necessary level of expertise to be effective in the 
practice, but also in guaranteeing some form of socially defined competence 
within the community, making the knowledge produced meaningful to others. 

In my examination of the nature of knowledge work, the concept of 
knowledge has stood out, as being central in defining what this type of work is 
about and requires. It is an elusive and ambiguous concept, one that indeed 
needs further investigation. Therefore, I will in the next section, continue to 
examine what role the concept of knowledge has in the practice of knowledge 
work and how we are to understand it. 

5.2 Knowledge in practice 
Knowledge generation (or production) is what knowledge work is about, in 
whatever forms it may take. In order to get to grips with the elusive concept of 
knowledge, i.e. how we are to understand it and how it is used, I turn to the 
work of Orlikowski (2002). Here, she argues for a shift of our view of 
knowledge in organizations as “separate entity, static property, or stable 
disposition embedded in practice” (Orlikowski, 2002, p. 250), which seems to her 
currently being the predominant view both by researchers and industry, to a 
view of knowledge as enacted in people’s practices, i.e. a knowing in practice 
view. In the following subsections, I will give a fuller account of this, starting 
with the different perspectives of knowledge in organizations Orlikowski 
defines, and moving on to the knowing in practice concept. 
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5.2.1 Perspectives of organizational knowledge 
Orlikowski (2002) defines three perspectives of organizational knowledge: 
objectivist reification, subjectivist reification, and practice based. The first two, she 
claims, are currently discernible and given great attention by organizations and 
researchers interested in knowledge and its management. The third one is the 
perspective she argues for, one that needs to be given more attention. 

According to Orlikowski (2002) the objectivist reification perspective paints 
organizations as having different types of knowledge that once identified and 
examined, will lead to more effective ways of generating, sharing and 
managing it. This view according to Orlikowski (2002), drawing upon 
Tsoukas (1996), can be thought of as a taxonomic view of different types of 
knowledge. Researchers have developed classifications of knowledge types in 
order to examine different strategies, routines, and techniques for creating, 
codifying, converting, transferring, and exchanging them. Most of the work 
done here, according to Orlikowski (2002), is based on the epistemological 
distinction between tacit and explicit knowledge by Polanyi (1967). Tacit 
knowledge is personal, context-specific, and therefore hard to formalize and 
communicate, whereas explicit knowledge refers to knowledge that is 
transmittable in a formal and systematic language. This distinction, 
Orlikowski (2002) points out, has further given rise to more elaborate 
knowledge dichotomies such as e.g. local vs. universal, codified vs. uncodified, 
procedural vs. declarative, know-how vs. know-what, and so forth. 

Example of work belonging to this perspective is that of Nonaka (1994), 
and Nonaka and Takeuchi (1995), related to organizational knowledge 
creation. Here, they point that, new knowledge is created through a 
conversion between tacit and explicit knowledge. The interaction of these two 
types of knowledge, called knowledge conversions, yields four modes or 
processes, see Figure 5-1. 

Tacit 
knowledge

Explicit 
knowledge

To

Tacit 
knowledge

From

Socialization Externalization

Explicit 
knowledge Internalization Combination

 
Figure 5-1: Modes of the Knowledge Creation (adapted from Nonaka, 1994, p. 19) 

Socialization (tacit to tacit) is a process of sharing experience and thereby 
creating tacit knowledge such as shared mental models and technical skills. 
The tacit knowledge can be acquired directly from others without using 
language, e.g. in the case of an apprentice learning a craft from a master. 
Externalization (tacit to explicit) is a process of articulating tacit knowledge 
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into explicit concepts, thus creating new explicit knowledge from tacit 
knowledge through the usage of metaphors, analogies, hypotheses, or models. 
Combination (explicit to explicit) is the process by which concepts are 
systematized into a knowledge system. Individuals exchange and combine 
knowledge through such media as documents, meetings, telephone 
conversations, or computerized communication networks, e.g. a controller at a 
firm gathering facts and figures from different sources, such as databases and 
documents, and put them all together in a report. Internalization (explicit to 
tacit) is a process of embodying explicit knowledge into tacit knowledge. This 
process, Nonaka and Takeuchi (1995) note, is closely related to learning by 
doing where an individual re-experiences other people’s experience. However, 
internalization could also take place when reading or listening to a success 
story makes some members of the organization feel the realism and essence of 
the story, thus changing the experience of the past into tacit mental models. 

According to Nonaka and Takeuchi (1995), the content of the knowledge 
created by each mode of knowledge conversion is naturally different. 
Socialization yields what can be called sympathized knowledge, externalization 
outputs conceptual knowledge created through the usage of metaphors and 
analogies, combination gives rise to systemic knowledge, and internalization 
produces operational knowledge. 

According to Nonaka and Takeuchi (1995), the knowledge creation modes 
do not stand in isolation, but are dependent upon each other. Their 
interactions produce a spiral when time is introduced as the third dimension, 
besides epistemological and ontological dimensions. The spiral starts with the 
conversion from tacit to tacit, the socialization mode, by building a team 
whose members share their experience and mental models. Then successive 
rounds of meaningful dialogue trigger the externalization mode. Team 
members use metaphors and analogies to help them articulate their own 
perspectives revealing hidden tacit knowledge otherwise hard to communicate. 
The combination mode is facilitated when the concepts formed by the team 
are combined with existing data as well as with knowledge that resides outside 
the team in order to create specifications that are more shareable. Entering the 
internalization mode team members internalize the new explicit knowledge 
that is shared throughout the organization in order to broaden, extend, and 
reframe their tacit knowledge. 

This example clearly points upon the wish, of both researchers and 
practitioners for wanting to treat knowledge as something substantial that may 
be managed through proper routines and strategies. 

The second perspective subjectivist reduction stems from, according to 
Orlikowski (2002), the critique that the objective reification perspective has 
received as treating knowledge as a stock or discrete elements. Drawing upon 
Tsoukas (1996), she points out that the objective reification perspective does 
not properly recognize that tacit and explicit knowledge are mutually 
constituted, inseparable, and that tacit knowledge is a necessary component of 
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all knowledge. Here an integrated approach is sought viewing organizational 
knowledge as process oriented, dispersed, and inherently indeterminate. This 
is a view of knowledge as emergent. However, Orlikowski (2002) points out, 
other researchers such as Brown and Duguid (1998), while agreeing with this 
view, retain a distinction between types of knowledge such as “know-how” and 
“know-what”, arguing that there is a dispositional character between them. 
“Know-how” is then the particular ability to put “know-what” into practice, a 
capability embedded in particular communities of practices. This ability allows 
the knowledge to be easily moved within and among communities of similar 
practice, while at the same time makes it “sticky” or difficult to move across 
boundaries between communities of practice. Here, Orlikowski (2002) points 
out that, the recognition of this characteristic of the stickiness of “know-how” 
has led to various attempts or proposals for facilitating the sharing of it across 
such boundaries. Examples of such work are: 
 Creating boundary practices (Wenger, 1998), practices that span or overlap 

different communities of practices in order to create a common ground; 
 Establishing knowledge brokers or brokering activities (Brown & Duguid, 

1998), intermediaries facilitating the transfer of knowledge across 
boundaries between communities of practices through multiple 
memberships in different communities; or 

 Using boundary-spanning object such as artifacts, documents, terms or 
other forms of reification round which communities can organize their 
interconnections (Wenger, 1998). 
 
In arguing for a practice-based perspective, Orlikowski (2002) points out that 

both the objectivist reification and subjectivist reduction perspectives treat 
knowledge as either a “thing” that may be captured, stored, transmitted, or as a 
disposition, individual or collective, embedded in the practice. By drawing 
upon the work of Taylor (1993), using the analogy of rules, Orlikowski points 
out that there are “differences between a view of knowledge as separate entity, 
static property, or stable disposition embedded in practice, and a view of knowledge 
as ‘at any given time, what the practice has made it’” (Orlikowski, 2002, p. 250). 
To give a better understanding of this argumentation, the same quote 
Orlikowski (2002) draws upon from Taylor (1993) is given here with the 
suggestion by Orlikowski to substitute the word “rule” with “knowledge”. 

“In its operation, the rule exists in the practice it ‘guides.’ …The practice 
not only fulfills the rules, but also gives it concrete shape in particular 
situation…. In fact, what this reciprocity shows is that the ‘rule’ lies 
essentially in the practice. The rule is what is animating the practice at 
any given time, not some formulation behind it, inscribed in our thoughts 
or our brains or our genes or whatever. That is why the rule is, at any 
given time, what the practice has made it.” Taylor (1993, pp. 57-58) 
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Orlikowski (2002) points out that we are to understand that the latter view 
implies that knowledge is being enacted continuously in people’s practices. 
Knowledge and practice are reciprocally constitutive, and there is therefore 
little sense in talking about either without the other. A practice based 
perspective does not treat knowledge and practice as separate or separable, but 
focuses on the knowledgeability of action, “that is on knowing (a verb connoting 
action, doing, practice) rather than knowledge (a noun connoting things, elements, 
facts, processes, dispositions)” (Orlikowski, 2002, p. 250). She furthers sees the 
practice based perspective as complementing, not substituting for, other 
perspectives on organizational knowledge, as it may highlight aspects 
overlooked in giving too much attention to knowledge at the expense of 
knowing. 

In the following section, I delve further into the practice-based perspective 
in talking about it in terms of “knowing in practice”. 

5.2.2 Knowing in practice 
“Knowledge is less about truth and reason and more about the practice of 
intervening knowledgeably and purposefully in the world.” (Spender, 
1996, p. 64) 

 
In arguing for a practice based perspective of knowledge in organization, 

see above, Orlikowski (2002) makes use of the concept “knowing in practice”. 
Her work is much influenced by the sociological work of Giddens (1984), and 
the anthropological work of Lave (1988), Hutchins (1991; 1995), and 
Suchman (1987). She also draws upon the work of Schön (1983) on how 
professionals learn in practice and Polanyi (1967) on the tacit dimension of 
knowledge. In her work, Orlikowski (2002) focuses upon the processes of 
organizational knowing rather than knowledge as such. She sees 
organizational knowing as emerging from the ongoing and situated actions of 
organizational members as they engage the world, thus highlighting the role 
of human actions in knowing how to get the work done. Her perspective 
suggests that knowing is not a static embedded capability or a stable 
disposition of actors, but rather an ongoing social accomplishment, constituted 
and reconstituted as actors engage the world in everyday practice. 

According to Orlikowski (2002), knowledgeability, or knowing-in-
practice, is continually enacted through people’s everyday activity. It does not 
exist “out there”, incorporated into external objects, routines or systems, or “in 
here”, inscribed in human brains, bodies, or communities. Knowing is an 
ongoing social accomplishment, constituted and reconstituted in everyday 
practice. As such, here, the process of knowing cannot be understood as stable 
or enduring as it is enacted in the moment, its existence is virtual, and its 
status provisional. The “knowing how” to accomplish things manifests itself as 
capabilities generated through actions. They emerge from the situated and 
ongoing interrelationships of context (time and place), activity streams, agency 
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(intentions, actions), and structure (normative, authorities, and interpretative). 
Because these capabilities are continually generated in recurrent action, 
continuity is achieved and preserved as people interpret and experience their 
doing as “the same” over time and across contexts. People’s ongoing 
engagement in social practices and thus their reproduction of the knowing 
generated in those practices, is how they reconstitute knowledgeability over 
time and across contexts. Continuity of competence of skillful practice is thus 
achieved not given. It is a recurrent, situated, and enacted accomplishment, 
which cannot simply be presumed. 

Orlikowski (2002), in adopting the perspective of tacit knowledge as a 
form of “knowing” inseparable from action (because it is constituted through 
such action), points upon the need for a complementary view of organizational 
knowledge. She argues against the conventional distinction used through the 
general knowledge management literature between tacit and explicit forms of 
knowledge as it assumes that tacit knowledge is distinct and separable from 
knowing, and thus action. She further argues that a view of knowing as 
enacted in practice does not view competence as something to be “transferred”. 
Thus, the very notion of “best practices” becomes problematic. When practices 
are defined as the situated recurrent activities of human agents, they cannot 
simply be spread around as if they were fixed and static objects. Competence 
generation must be seen as a process of developing people’s capacity to enact 
what we may term “useful practices”, with usefulness seen to be a necessarily 
contextual and provisional aspect of situated organizational activity. 

The view presented here of knowing in practice depicts knowledge as 
something very “sticky” and heavily situated, as Brown and Duguid (1998) 
refer to it, and not easily articulated (if ever possible). I agree with this view, 
but to further it, I also draw upon the work of Wenger (1998). Wenger, in 
discussing learning communities, sees the knowing in practice as intimately 
coupled with the process of forming identities that may give information 
gained within the practice a coherent form of participation. Here, what turns 
information into knowledge is the way in which it can be integrated within an 
identity of participating in the practice. If information does not build up to an 
identity of participation, it remains alien, literal, fragmented, nonnegotiable, 
and fails to translate into a way of being in the world coherent enough to be 
enacted in practice. 

Newell, Robertson, Scarbrough, and Swan (2002) provide us with a 
summarizing comparison between the more traditional structural perspectives 
on knowledge vis-à-vis a processual perspective, presented in Table 5-1, which 
further highlights the view of Orlikowski (2002) on knowing in practice. 
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Table 5-1: The structural and processual perspectives compared (adapted from Newell et 

al., 2002, p. 8) 

Structural perspective Processual perspective
Knowledge is a discrete cognitive entity that 
people and organizations possess

… rooted in practice, action and social 
relationships

Knowledge is objective and static … dynamic – the process of knowing is as 
important as knowledge

Knowledge exists at the individual and 
collective level 

… through the interplay between the 
individual and the collective level

Different types of knowledge dominate in 
particular types of organization 

Organizations will be characterized by 
different types of knowledge and practices of 
knowing

Knowledge is created via specific social 
processes 

Knowing occurs via social processes

5.3 Learning in practice 
One cannot talk about knowledge in practice (or knowing in practice) without 
at the same time stumble upon learning. The close relation between the 
concept of learning (in practice) and knowledge (as knowing in practice) has 
been highlighted in such work as Uzzi and Lancaster (2003), where they 
investigate learning in markets, focuses on how learning occurs between firms, 
rather than within firms. The embarking point behind their investigation is 
the networks of actors that shape knowledge transfer and learning processes by 
creating channels for knowledge trade, thus reducing risks associated with 
inter-firm knowledge sharing. Their findings indicate that learning is located 
not only in the actors’ past experience but also in the relations among them, 
thereby indicating that we should view learning as social processes. 

An author that has given attention to the role of learning in the workplace 
is Torraco (1999), where he points out the fact that the way work and the 
expertise needed to perform it has evolved, has not been sufficiently reflected 
in how workplace trainers develop work skills. Here, Torraco called for a re-
conception of workplace (practice) learning, that integrates learning with 
working, by criticizing the classical model for developing work skills, i.e. the 
instructional system design model, see Campbell (1984), as being inadequate 
for developing the skilled performance some technical roles require. 

To remedy this, Torraco (1999) made an in-depth study of six accounts of 
how work is accomplished and how it reflected learning. First, he looked at 
work as individual effort, examining the accounts of Orr (1990) on 
photocopier repair technicians, Scribner (1984) on dairy workers, and 
Pentland (1997) on software support technicians. This he followed up with a 
look at work as collective activity, examining the accounts of Weick and 
Roberts (1993) on aircraft carrier personnel, Ancona and Caldwell (1990) on 
ad hoc work groups, and Hutchins (1990) work on naval navigators. 
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Based on these examinations, Torraco (1999) concludes that, a context-
based learning intervention model is needed, that at the same time is more 
considerate of the distributed nature of expertise. Torraco states that it is the 
conditions and expectations of the performance of work itself that must drive 
the development of work skills. This requires that we view learning as a 
natural part of the organizational culture, as enriched by work and enriching 
work. 

The framework Torraco (1999) proposes is “based on the premise that 
experience to enhance the skilled performance of employees cannot be separated from 
the context in which performance is expected to occur” (Torraco, 1999, p. 261). In 
Table 5-2, the main features of the framework are illustrated, where each 
component, according to Torraco, is given in response to characteristics of 
task performance that has not been sufficiently addressed in the classical 
instructional system design model. 

Table 5-2: The integration of learning with working: an intervention framework 

(adapted from Torraco, 1999, p. 262) 

Initial Considerations Emergent Considerations
1. Work-related goals vs. behavioral objectives
2. Role of work analysis 
3. Realistic business context

1. Role of skilled colleagues
2. Development of collective consciousness 
3. Resources for learner support

 
In order to come to further grips with what learning denotes (especially in 

practice), I turn to the work of Tyre and von Hippel (1997) and how they 
differentiate between perspectives of learning. Here they differentiate between 
“behavioral theories on learning”, “cognitive theories”, and the one that they 
themselves argue for, a situated learning perspective. In the following 
subsections, I will give a fuller account of this last perspective, starting with 
different perspectives they define and moving on to the situated learning 
concept. 

5.3.1 Perspectives of learning 
Tyre and von Hippel (1997) in their work differentiate between three 
perspectives on learning: behavioral perspective, cognitive perspective, both of 
which have traditionally been given a predominate focus, and situated 
perspective, which is the one they argue for in order to examine how actors use 
the physical context to confront new problems and develop new 
understandings to deal with them. 

According to Tyre and von Hippel (1997), within the behavioral 
perspective, drawing upon behavioral theories, attention is focused on whether 
or when learning occurs. Here researchers such as Levitt and March (1988), 
and Huber (1991) have contributed through their work on organizational 
learning. Huber (1991) states that, an organization learns if, through its 
processing of information, the range of its potential behaviors is changed. He 
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bases organizational learning on four related constructs: knowledge 
acquisition, obtaining knowledge; information distribution, sharing 
information that leads to new information; information interpretation, 
information is given one or more commonly understood meanings; and 
organizational memory, means by which knowledge is stored for future use. 
Levitt and March (1988) argues similarly to Huber (1991) with the suggestion 
that an organization learns by encoding inferences from history into routines 
that guide good behavior. 

According to Tyre and von Hippel (1997), the cognitive perspective, 
drawing on cognitive theories, put attention on what kind of understanding 
that results from learning processes. Here the work on organizational learning 
of Argyris and Schön (1978), which Tyre and von Hippel (1997) point upon, 
is an example of this perspective. Organizational learning can be viewed as the 
acquisition and sharing of assumptions and cognitive maps among 
organizational members. Learning occurs when individuals compare their own 
assumptions and maps to what actually occurs. Argyris and Schön (1978) 
argue that this comparison leads to two types of learning, single-loop learning 
and double-loop learning. Single-loop learning refers to that misconceptions 
are corrected, that facts are changed within a fixed infrastructure. Double-loop 
learning is here defined as the questioning and reconstruction of existing 
perspectives, i.e. organizational norms, assumptions, strategies and structures, 
interpretation frameworks, or decision premises that underlies one’s action and 
basis for understanding why and how we act in a certain way. Hoffer and 
Valacich (1993) give us the following analogies concerning single-loop and 
double-loop learning within a database. In single-loop learning, the content of 
a database is altered whereas the table and relationships remain the same. In 
double-loop learning new relationships, as well as content is defined or 
redefined. 

According Tyre and von Hippel (1997) a situated perspective on learning 
directs attention to the particulars of what problem solvers actually do as they 
investigate problems and correct errors. They point out that the use of such a 
perspective highlights the role of the physical setting or situation. It stems 
from a pragmatist’s notion that knowledge is not absolute, that it can only be 
defined in relation to a specific situation or context. Here, knowledge does not 
only consist of verbal explanations and directions but also the ability to get 
things done. An actor is knowledgeable in so far that he may act intelligently 
in accordance with the situation, though lacking ability to describe his actions. 

According Tyre and von Hippel (1997), adopting a situated learning 
perspective gives recognition to the fact that abstract theories cannot fully 
account for the entire learning taking place in organizations. Here, Tyre and 
von Hippel (1997) point out that a situated perspective suggests two aspects of 
learning. First, learning is a social process and cultural context will affect both 
how and what organizational actors learn, i.e. cultural norms and social 
practice determine which ideas become accepted facts. Collaborative processes, 
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Tyre and von Hippel (1997) point out, are important because no one person 
can embody the breadth and depth of knowledge necessary to comprehend 
complex organizational problems, also codified abstract knowledge is not 
sufficient in dealing with actual problems. Here, Tyre and von Hippel (1997) 
refer to Orr (1990) and Brown and Duguid (1991) who argue that knowledge 
is not only obtained through a classroom setting, giving the example of repair 
technicians obtaining knowledge from informal swapping of stories among 
themselves and users about their experience in particular work environments. 

Second, according to Tyre and von Hippel (1997) learning processes are 
also dependent upon the physical setting in which actors find themselves in. 
Problems solvers often make use of many aspects of their physical contexts in 
order to understand new problems and to resolve them. Here however, Tyre 
and Hippel (1997) conclude that there has not been given nearly as much 
attention as compared to the first aspect. They try to remedy this in their work 
finding that the physical setting contributes to the learning process in several 
ways. Events, procedures, technical systems, and daily routines embedded in a 
given situation provide the learners with both specific clues as to the nature of 
the problem or solution, and tools or resources to aid investigations. Tyre and 
von Hippel (1997) point out that, where activities take place also partly 
determines what actors can do, what they know, and what they can learn. It 
determines who can interact with whom and how the interactions manifest. 

Lave (1991) in her work of advocating a situated learning perspective 
differentiate between three perspectives of situated activity: cognition plus view, 
interpretive view, and situated social practice. A cognition plus view has a long 
tradition of analyzing the individual, internal business of cognitive processing, 
representations, memory, and problem solving. This approach, according to 
Lave, has neglected the fact that people process, represents, and remembers in 
relation to each other. Those wishing to remedy this, focus on social factors 
conditioning the effects on individual cognition. In an interpretive view the 
situatedness is located in the use of language Here, according to Lave, 
meaning is negotiated through use of language, seen as a social activity rather 
than a matter of individual transmission of information. Language use and 
meaning are situated in interested and inter-subjectively negotiated social 
interaction. According to Lave, a situated social practice, i.e. situated learning, 
emphasizes the relational interdependency of agent and world, activity, 
meaning, cognition, learning, and knowing. It also emphasizes the inherently 
socially negotiated quality of meaning, and the interested and concerned 
character of thought and action of persons engaged in activity in and arising 
from the socially and culturally structured world. According to Lave, this 
perspective suggests that our views of phenomena are formed through the 
dialectical relations between the social world and persons engaged in actions, 
and communication, in and with the social world. They are situated in the 
historical development of ongoing activity. 
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I find that a situated learning perspective is one that most closely seems to 
be related with both a knowing in practice view of organizational knowledge 
and our understanding of the nature of knowledge work as practice based and 
social. Therefore, I will give further attention to this perspective in the 
following section. 

5.3.2 Situated learning 
Here, learning is viewed as situated in the living practice of ongoing actions. 
Traditionally, when we refer to learning we tend to think of classroom settings 
in school, or training workshops in companies. Such settings are far removed 
from the practice for which the learning should prepare us. They assume that 
knowledge may be abstracted from its context, learned in a classroom, and 
then appropriately applied in the work context. In that same tradition, the 
emphasis is on learning by the individual, and collaboration between learners 
is often actively discouraged. Lave and Wenger (1991), and Brown and 
Duguid (1991) argue that the traditional views on learning and education 
obscure the fact that an important type of learning occurs naturally, in the 
everyday activities of people. Such learning takes place in the social, 
organizational, and physical context in which people work, i.e. situated in a 
context. Wenger (1998, p. 3) observes the following: “Our institutions, to the 
extent that they address issues of learning explicitly, are largely based on the 
assumption that learning is an individual process, that it has a beginning and an 
end, that it is best separated from the rest of our activities, and that it is the result of 
teaching”. This observation reveals to us that as far as our institutions, e.g. 
organizations, are concerned learning and knowledge sharing are individual 
“journeys” subject to formal procedures. However, as has been pointed out by 
other authors (Brown & Duguid, 1991; Huysman, De Wit & Andriessen, 
1999), this is not the whole truth, as both social and informal perspectives 
have been sorely neglected. 

Orr (1996) exemplifies situated learning through the case of photocopier 
repair technicians. Here, a group of repair technicians used to gather around 
the office coffee machine to exchange tips about repairs and swap war stories 
about experience at customer sites. The technicians seldom consulted repair 
manuals or training materials, relying instead on their informal network to 
transfer knowledge and solve problems. Interaction with the group, which had 
no official recognition from the company, was also the way that new 
technicians learned the tricks of the trade. Such communities of practitioners, 
as the above described, have here came to play an essential role in transferring 
good practices, solving problems quickly and efficiently, and developing 
professional skills. From this example, it is clearly shown that learning and 
knowledge-sharing processes are fundamentally social processes, motivated by 
the engagement and participation of the individuals in the practice. This may 
seem surprising considering the romantic notion of the lone thinker 
contemplating the mysteries of the universe or the solitary scholar deeply 
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buried deep beneath tomes of arcane knowledge. However, it is this social 
model, according to Wenger and Snyder (2000), that most clearly describes 
the way people in organizations solve problems, distribute knowledge, and 
develop professional skills. 

According to Wenger (1998), learning at a social level occurs because of 
the tension between competence and experience. The experience you make in 
your daily strive is constantly confronted with the competence you uphold as a 
member of a specific practice. Here competence is seen as being defined 
historically and socially within that community of members of the practice. To 
be knowledgeable and to display knowing is a matter of displaying 
competencies, which are defined within different social communities. 
Learning is thus seen as interplay between socially defined competence and 
personal experience drawn in participating within that practice. The analogy 
of a practitioner of medicine, i.e. a physicist, serves very well in order to 
exemplify this. Through long studies and training, young would-be 
practitioners of medicine conquer the skills, knowledge, set of tools and 
language that is needed in order to call them-selves practitioner of medicine. 
The mastering of those is what makes them members of the community and 
professional body of practicing physicists. However, the set of skill, language, 
and tools needed to be a practicing physician are the same that the community 
itself has through history passing defined. Once belonging to the community 
and practicing medicine, the doctor will experience many phenomena. The 
experience made while practicing medicine will always be made within the 
frame of medicinal competence. Most phenomena, experienced, will clearly 
belong to the domain of medicine and not be a disturbance. However, some 
may be troublesome, be it an observation that a well-tested medicinal 
procedure does not seem to work in every reported case, and so forth. 
Experience made that does not fit perfectly into the frame of the well-defined 
competence of the community brings about tension. It is by reflecting upon 
such tensions and sharing the wisdom (reporting) to other colleagues within 
the community that the evolution of the field of medicine is promoted. 

Two general overlapping types of learning are distinguishable in relation to 
a community of practitioners. The first kind of learning concerns the 
acceptance of new members into a community, where they acquire the 
knowledge and skills that takes them from novices into experts, newcomers to 
full-fledged members (Lave & Wenger, 1991). This is a form of individual 
learning. Here, Lave and Wenger (1991) introduced the concept of “legitimate 
peripheral participation” in order to describe it better, and to show how 
individual learning in a community of practice takes place. A potential new 
member of a community will first do small tasks, where the cost of errors is 
low. In doing these tasks, they start to participate on the periphery. They are 
not yet full members, having only peripheral legitimacy. As time passes, they 
are given increasingly more important tasks, and move from the periphery to 
the core of the community. Even though they initially participate on the 
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periphery, they work within the community, and acquire the knowledge that 
they need in the situation in which it is needed. As they perform simple tasks, 
they can observe the expert community members do work that is more 
complex. By participating in the periphery they gradually learn the skills, 
vocabulary, tools, and behaviors that are the standard within the community, 
they become “encultured”. To illustrate the individual level learning processes 
within communities of practices, Lave and Wenger (1991) use examples of 
quarterdeck masters in the navy, midwifes in the Yucatan region in Mexico, 
butchers in supermarkets, and non-drinking alcoholics. Wenger (1998) has 
provided further detailed descriptions of both types of learning from his study 
of insurance claims processors. The second type of learning is the learning that 
takes place at the collective or social level in the community. Here, the 
community of practitioners adapts its structure and set of skills to new 
situations, where it finds solutions for new problems, and retains those 
solutions for future use (Wenger, 1998; Brown & Duguid, 1991). Here, 
Wenger (1998) and Brown and Duguid (1991) built on the initial situated 
learning work and focus on what happens inside communities of practice. 
They are not directly concerned with the novice-to-expert learning, but use 
situated learning as a framework to explain how learning and working within a 
community of practice takes place. Instead of studying peripheral participation 
as a means to socialize new members into communities, the general 
participation within communities is of interest to them. Within this context, 
Lave and Wenger (1991) defined communities of practice as a set of relations 
among persons, activities, and worlds, over time and in relation with other 
tangential and overlapping communities of practice. 

I view the processes of situated learning as intimately coupled with the 
process of sharing knowledge. At a social level, learning is not only about 
reflecting upon the experience drawn when dealing with problems in the daily 
work, but also about making sense of phenomena occurring within the 
practice, aligning your efforts with others, and adopting and applying to your 
specific situation the wisdom others share with you. All of these are activities 
that not only entail sharing of knowledge but also require it. 

5.4 Summarizing knowledge work practice 
So what have I surfaced here from my examination of the concept of 
knowledge work practice? The picture drawn here is indeed one not easily 
characterized, but I will summarize it in a few points showing what I 
conclude. 

First, the knowledge work practice is about work that is emergent and 
non-routine, in some instance highly creative. It may be seen as a response to 
arising situational conditions and not easily captured in work scripts, and as 
making do with what is at hand, like “bricolage”, see for example Weick 
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(1993). This work not only transforms and produces knowledge but also draws 
upon sources of tacit knowledge for its completion. It is work that is situated, 
in so far that it is the living context of the work that makes it meaningful, not 
only to the one participating and engaged in it but also to those contributing 
to and benefiting from it. It is thus social in that meaning, i.e. how observed 
phenomena should be interpreted and understood, is socially constructed and 
negotiated. For the output of the work to be useful and meaningful to others, 
it must be recognized as such beyond the immediate borders of the practice. 

Second, knowledge in the practice is always tacit, a human property whose 
meaning is socially defined and negotiated, as pointed out above. Such tacit 
knowledge cannot simply be separated from the practice, captured, packaged 
and exported as a de-contextualized commodity and applied in another setting 
effectively. It is only made visible through the ongoing enactment in and the 
activities within the practice. The dependency upon or inseparability from a 
living ongoing practice favors a view of knowledge best described as knowing 
enacted in practice. Such a view summarizes the points made above and at the 
same time highlights not only the situated nature of knowing practice but also 
both its tacit and social dimensions. The way to become knowledgeable in and 
of the practice is to be engaged in its activities. 

Third, knowing in practice and learning in practice are two sides of the 
same coin. They are inseparable or at least tightly coupled to each other, the 
one conditioning the other. Learning is thus situated in practice and 
inseparable from the engagement in practice, requiring an active work setting. 
New understandings and retransformations of older ones cannot be arrived at 
unless framed within a living context for trying out insights and gaining 
experience. Work-based learning cannot simply be achieved in a classroom 
setting, as it is for newcomers a process of being encultured into the practice, 
observing and gradually trying it out for oneself, and for old-timers a process 
of honing their skills and being confronted with phenomena at the border 
their understanding and competence. 

It seems that it is only through an active engagement and participation in 
the practice, rolling up one’s sleeves and being part of effort so to speak, that 
we may learn anything about it, reach a deeper understanding of what is really 
going on and why. For an outsider, mere observation does not lend itself easily 
to an understanding of what is truly going on, since much of the work taking 
place, depends upon the tacit knowing gained from or generated as a 
consequence of experiencing the effects of one’s endeavors. Neither does the 
retelling of accounts of the practice lend itself easily to the same 
understanding. For them to be meaningful, they must be related to experience 
made by an engagement and participation in the practice. 
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5.5 Concerns for designing 
In this section, I will round off my examination of the knowledge work 
practice by looking at what concerns it holds for the designing of systems (or 
tools) supporting knowledge work. First, I will look into the importance of 
and implications for focusing upon knowledge work practice in designing such 
systems. Then, I will look into the need and nature of theoretical-based 
guidance for designing such systems. 

To emphasize why an understanding of the knowledge work practice is of 
importance to us, as system designers and developers, I may again draw upon 
the work of Scarbrough (1999b). He points out that a focus on and 
understanding of knowledge work and knowledge workers is relevant to IS 
practitioners (e.g. system developers) and scholars for three reasons. First, as 
possessors of specialist IS expertise, they themselves fall into the category of 
knowledge workers. Second, they find themselves ever more in a position 
where they have tailored their services to user groups whose work is 
knowledge based. Systems originally concerned with the processing of data 
and later processing information are now applied to knowledge support 
activities. Third, the role information systems have played in wider 
organizational changes by giving strategic status to knowledge work, leading 
to a shift from a hierarchical basis for power and practices to knowledge and 
networks. This emphasizes the importance that we, as practitioners and 
scholars within the IS field, must pay attention to knowledge work, not only 
as a concept, but also the characteristics and conditions of its practices. 

To further our understanding of what a focus on knowledge work practice 
implies, we may also turn to the work of Tuomi (1999). Even though he 
approaches it from a perspective of knowledge management and 
organizational memory, representing an objectivist reification perspective of 
knowledge in practice as discussed above, it still has merits to us. According to 
Tuomi, information systems designed for knowledge management and 
organizational memory (in fact any system supporting knowledge work) 
should be seen as media that is used as an interpersonal cognitive artifact. 
What is critical to consider, in designing such systems, are those knowledge 
stocks that are needed in order to make sense of the information stored in the 
system. When computers are used to support collaboration, collective sense 
making becomes a problem. The people using the system may not speak the 
same language, their expectations and practices may differ, or they may have 
different stocks of cultural knowledge, thus contributing further to such 
barriers to effective knowledge exchange such as have been discussed by 
Goodman and Darr (1998). 

It is therefore important, according to Tuomi (1999), to view knowledge 
management and organizational memory systems as essentially social systems. 
Here, Tuomi points out, technology complements and supports the processing 
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of knowledge and meaning, and it is most important that designers 
understand those social processes that underlie the negotiation of meaning. 

According to Tuomi (1999), when traditional computer databases are used 
to store knowledge, the conceptual design of the database fixes the semantics 
and makes it difficult or impossible to re-interpret stored data. This may 
become a problem when computer systems are used to support strategy 
processes, business intelligence, or creation of new product designs. The 
problem arises because the information drawn upon in these situations is often 
ambiguous and equivocal. That the information may show such characteristics 
is “not because we would lack information, but because the world is not ready, but 
under construction” (Tuomi, 1999, p. 10). 

Tuomi (1999) points out that, when tacit knowledge is articulated and data 
is created out of it, a lot of flexibility in interpretation is lost, leading to 
organizational rigidity. It may be attractive to create organization-wide 
information systems where the same repositories of data are used in all 
organizational processes. However, such underlying beliefs of getting the 
semantics right in order to make the organization function as a perfect 
machine might be a too nearsighted strategy. According to Tuomi, a major 
challenge for the designers of organizational memory and knowledge 
management systems is to understand, not only the relationships between tacit 
and explicit stocks of organizational knowledge, but also the cost of changing 
their relationships within these systems when the world changes. 

Here, According to Tuomi (1999), an important aspect of knowledge 
management and organizational memory support systems is the social 
processes that make it possible for the users of the system to make sense of 
each other’s worlds. Such systems cannot be understood as stand-alone 
systems since they combine technical artifacts with social processes. 

From the above I find that the design and development of systems 
supporting knowledge work and learning in practice is no small feat. The 
picture painted is that of a rather complex process, mostly due to the nature of 
knowledge work, and knowing and learning in practice. However, it agrees 
very well with my own conclusions of the knowledge work practice, as drawn 
in chapter 5.4, and my experience from the first development project in 
chapter 4. 

The picture above has in parts been previously explored in Eberhagen 
(2000a; 2000b; 2001; 2002; 2003b; 2004; 2005; 2006), where the need for 
theoretically based guidance in designing and developing knowledge work 
support systems has been emphasized. There exist, of course, examples of 
other work that have recognized the same, and attempted to construct 
theoretical guidance in order to better support the design and development of 
such systems. 

One of the more notably attempts in this direction is the work of Markus, 
Majchrzak, and Gasser (2002) concerning the design of support systems for 
knowledge processes. In finding that current designs efforts of IT support do 
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not adequately address the characteristics and demands of organizational 
knowledge processes, they develop guidelines that may direct the design 
process. Markus et al. (2002) base their work upon the characterization of 
organizational processes of knowledge work. Drawing on Blackler (1995), they 
define knowledge work, unlike service work, as defying routinization and 
requiring the use of creativity in order to produce idiosyncratic and esoteric 
knowledge. Drawing on Brown and Duguid (1991) they also point out, it is a 
type of work that may be characterized by variety rather than routine, i.e. 
problematic to describe in manuals, job descriptions, and charts. Further, that 
it is work performed by professional or technical workers with high level of 
skill and expertise, e.g., researchers, product developers, advertisers, and 
consultants. Knowledge work is thus untidy in comparison with operational or 
administrative business processes, in which tangible inputs are acted on in 
some predictable, structured way and converted into outputs. The inputs and 
outputs of knowledge work, i.e., ideas, interruptions, inspirations, and so on, 
are often less tangible and discrete. In addition, there are no predetermined 
task sequences in knowledge work, which if correctly executed guarantee the 
desired outcome (Boland & Tenkasi, 1995; Davenport, Jarvenpaa & Beers, 
1996). This view of knowledge work is in agreement with my own 
conclusions. 

In summarizing the characteristics of knowledge-intensive work processes, 
Markus et al. (2002) provide us with a definition of such a process. They see it 
as an “organizational activity pattern characterized by (1) an emergent process of 
deliberations with no best structure or sequence, (2) an actor set that is unpredictable 
in terms of job roles or prior knowledge, and (3) knowledge requirements for general 
and specific distributed expertise” (Markus et al., 2002, p. 184). 

In recognition that emergent knowledge processes differ qualitatively from 
semi-structured decision making processes, Markus et al. (2002) argue that 
existing types of systems and their associated design theories do not adequately 
serve the unique requirements of this class of design situations. More 
specifically, they assert that the development literature on decision support 
systems, executive information systems, expert systems, organizational 
communication systems, organizational knowledge repository systems, and 
organizational memory systems does not provide sufficient guidance for how 
to build systems that support emergent knowledge processes. 

According to Markus et al. (2002), the poor fit between the requirements 
of such work processes and existing IS design theories stems from three 
disconnects. First, decision-making in emergent knowledge processes requires 
that expert knowledge needs to be adapted or contextualized to specific local 
conditions. Intended to support semi-structured decision-making, decision 
support systems and executive information systems do not provide system 
features handling expert knowledge and contextualizing translation rules. 
Resulting from this, these types of systems inhibit creative problem finding 
and solution generation. While expert systems manage general expert 
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knowledge, they fail to support contextual knowledge and the flexibility 
needed for process emergence. Second, decision support systems, executive 
information systems, expert systems, and organizational memory systems are 
all specifically designed for a known type of user. Being designed for a 
particular type of user community, these systems are not well adapted to 
emergent knowledge processes characterized by shifting user types having 
varying knowledge requirements. Third, today knowledge workers have access 
to many different types of knowledge management support such as decision 
support systems, expert systems, executive information systems, organizational 
communication systems, and organizational knowledge repositories. The 
problem is that there are too many isolated systems. Because the systems are 
not integrated into the work practice, knowledge workers tend to manage their 
systems rather than getting the job done. Because the systems are not 
integrated with one other, there is a risk that knowledge workers do not use an 
important system like, for instance, a knowledge repository. 

Building on these three disconnects, Markus et al. (2002) argue that a new 
IS design theory for systems supporting emergent knowledge processes is 
needed, one that provides a set of general principles to solve a class of business 
problems, rather than a unique set of system features to solve a unique 
business problem. As basis for developing a design theory, in assisting system 
developers in their efforts to design effective emergent knowledge processes 
support systems, they turn towards the work of Walls, Widmeyer, and El 
Sawy (1992) concerning design theory for vigilant EIS. Here, as interpreted by 
Markus et al. (2002), any IS design theory must consist of three sets of 
interrelated elements. First, it must provide us with a set of user requirements 
derived from kernel theory. Then, it must provide us with principles for 
governing the actual development process. Finally, it must provide us with 
principles governing the design of the system, i.e. specifying and 
implementing its features. 

The design theory developed by Markus et al. (2002) matches the 
principles guiding the selection of system features and principles guiding the 
actual development process with the unique user requirements for IT support 
and characteristics of emergent knowledge processes. Here, the characteristics 
of emergent knowledge processes serve as their kernel theory. The set of 
principles for guiding IS design they present is, however, not divided into 
those two set of principles of above. Rather, as they state, borrowing support 
from Walls et al. (1992), when designing systems support emerging 
knowledge processes these sets of principles become inextricably intertwined, 
something which is notable in their presentation of design principles. 

However, the work of Markus et al. (2002), although elegantly 
demonstrating the need for design guidelines concerning support systems 
targeted for knowledge processes (something I profoundly agree with), is still, 
to us, found wanting. Orlikowski (2002) calls for a view of organizational 
knowledge as a process of knowing inseparable of action, and recognizing that 
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knowledge, derived from experience generated through previous problem 
solving, is socially constructed and situated as well as directly related to the 
problem situations at hand (Brown & Duguid, 2000; Lave & Wenger, 1991). 
In heeding this call, I find that the theoretical foundation of the “design 
theory” of Markus et al. (2002) does not adequately address the social 
dimensions of knowledge sharing and learning in practice. 

Markus et al. (2002) base their design principles upon a “kernel theory” 
claiming to define characteristics and requirements of “emergent knowledge 
processes”. Here, they hope to in the tradition of Keen and Scott Morton 
(1978) contribute to the IS field. Looking into the theoretical background 
behind the concept, I find not one but several different authors touching upon 
a wide range of organizational issues concerning knowledge work. However, 
none of them seems to approach processes of situated learning from either a 
social or a “knowing-in-practice” perspective. Looking into their design 
principles, they also seem to guide the development of system supporting 
processes on an organizational level, not on a social level or practice based 
level. 

The work of Markus et al. (2002) has inspired many followers in taking 
upon themselves to define and formulate theoretical guidance to the 
development and implementation of information systems supporting work-
based learning or leaning general. 

Jones, Gregor, and Lynch (2003) have formulated an information systems 
design theory for web-based education, pointing out that the very nature of 
such activities requires the support of appropriate information systems, thereby 
addressing the lack of theoretical guidance for designing and implementing 
such systems. Gregor and Jones (2007) followed up this work by addressing 
the lack of attention given to how information systems design theories in 
general may be communicated, justified, and developed cumulatively. Here, 
Gregor and Jones extended and complemented the original attempt of Walls, 
Widmeyer, and El Sawy (1992), in their aim to provide us with a better 
theoretical foundation for formulating information systems design theories in 
systematic and useable manner. 

One does not have to look far away to find recognition of the need for 
design theoretical guidance in developing and implementing systems 
supporting knowledge work. In Sweden, efforts in these directions have for 
example been taken in the following work. 

Stenmark and Lindgren (2004; 2006) point out that although knowledge 
management systems play an important role in supporting the application of 
organizational knowledge, they often fail when they are implemented in 
knowledge work practices. They claim that the issue here is that the balance 
between the desire for accurate content and the workload required to achieve 
this leaves organizations with systems of little use. Based on empirical 
experience, they first show how such systems may be designed to better 
support knowledge application in organizational work processes, and then 
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formulate recommendations, or principles, of how to integrate these systems 
with everyday knowledge work. 

Lindgren, Henfridsson, and Schultze (2004) in claiming that, although the 
need to align organizational level core competencies with individual level job 
competence has been recognized within scientific literature, the role that 
information technology may play in managing such competence across 
organizational levels has not been properly addressed. To remedy this, they 
developed and tested design principles for organizational competence 
management systems. This work was followed up by Hardless, Lindgren, and 
Schultze (2007) and focused specifically on project-based organizations. In 
helping them to leverage individual learning to an organizational level, using 
technology, they formulated a design theory for technology-mediated learning 
systems. 

Hardless (2005) in his work directs the attention to information systems 
supporting competence development in work-based contexts. Taking a 
situated learning perspective of competence development as an integrated part 
of everyday work, he looks for theoretically and empirically grounded 
guidance, formulated as a design framework, to inform us how information 
systems could be designed and implemented to better support development of 
project management competence. 

All of these examples above are just of a small set of a much larger body of 
different attempts made within the IS-research community. However, what 
one may safely conclude from these examples is that the issues of addressing 
the need to better understand and find theoretical guidance for the 
development of systems supporting both learning in practice and knowledge 
work has indeed gained increasing attention since the work of Markus, 
Majchrzak, and Gasser (2002). 

Hooker (2004), however, cautions us in relying too much on theoretical 
guidelines of designing information systems. He argues, most convincingly, 
that design is a form of practice and it does not lend itself easily to theorizing. 
The notion of a theory of design is problematic as it is not the same as a 
theory on any other subject matter. Such theories are defined by a set of 
phenomena to study, whereas design is defined by a task it is assigned to do. 
In his argumentation, leaning upon thinkers within philosophy of science such 
as Jürgen Habermas and Hans Georg Gadamer, he states, “that practical 
knowledge is logical prior to theoretical knowledge, and that it makes no sense to 
speak of understanding practice theoretically” (Hooker, 2004, p. 77). Hooker 
concludes that although design does not lend itself to theorizing it does not 
mean that theories are not useful, although as supporting theories. Socio-
psychological theories may be used to explain user-behavior and so forth, but 
they are not design theories in themselves. Here, Hooker calls for recognition 
of the role theories play in relation to design. As supporting sciences they may, 
he continues, help in explaining and predicting behavior of incompletely 
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described objects, or may play a teleological role in explaining and predicting 
behavior of functionally described objects. 

I agree with Hooker (2004) that we should be careful in believing that 
design theories, when used to prescribe behavior, may produce the desired 
outcome. Design theories are after all, as Hooker states, an attempt to predict 
theoretically in some sense the outcome of an activity. Here, a designed 
artifact, such as a computer-based system, may, as Hevner et al (2004) point 
out, through iterative development and deployment into an organizational 
context induce changes at each iteration that cannot be controlled (or 
predicted). However, this is not the same as abandoning all attempts of 
enlightened guidance in favor for ad-hoc behavior. Sound guidance may 
provide us the necessary means to systematically organize our activities and 
direct our efforts, and may indeed be grounded both theoretically as well as 
practically. As such, theories may well be part of the repertoire of tools used to 
systematically organize and direct our design activities by providing systematic 
views of phenomena that lend us explanatory power. 

One thing that we must take note of is that general principles or guidelines 
of design theories, even though their need has been demonstrated, are still 
open to the interpretations of the practitioners within a specific situation when 
it comes to the issue of how to operationalize them. I find that most of these 
theories say very little of actually how to be operationalized in specific 
contexts, of what to look for and hand how. It is small wonder that this is the 
case as they are formulated in order to address a class of problems, or system 
types. However, it does make the business of putting them to use in specific 
situations a not so predictable process. Even if in some instance examples of 
their operationalization have been given, they are often given by the same 
researchers that formulated them in the first place. It is altogether a different 
matter to “hand off” a theory and to see it successfully used by a second party. 

In our work, as researchers, and designers and developers, the main 
concern is not the resulting system as such. It is reasonable to assume that 
whatever is constructed ought to reflect the designers understanding (together 
with that of the users) of the problem situation and the process of reaching 
that understanding. If we view the development of knowledge work support as 
a problem to be solved, then it is fair to regard the resulting artifact, the 
system, as the embodiment not only of the understanding of the problem 
solving situation, the practice, but also of the actual process for solving the 
problem. 

Taking such view of the design and development of knowledge work 
support systems we naturally look for guidance in how we may come to 
approach the knowledge work practice, understand it and think like the 
“workers” do, in order to gain enough insights in transforming this into a 
useful artifact, a support system. However, I find that theoretical guidance, in 
this direction, is not overly specific about this in supporting the actual 
development process. Pointing out that the use of a dialectical or participatory 
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prototyping approach is sufficient or that every activity should make learning 
its central focus is simply not enough to direct our attention on what is going 
on and how, thus making such theories difficult to rely upon “as is”. We need 
a means of bridging the gap between general principles and their specific 
situational instantiation, a means of directing our attention and further our 
understanding in the design and development situation, i.e. to help 
practitioners in making this translation into concrete activities. 

Even if the appropriateness and usefulness of theoretical guidance in 
designing systems supporting knowledge work may be questioned. We still 
need tools and means to direct our efforts (and attention) and guide (or help 
organize) our activities, and these need to be grounded theoretically and 
practically, to properly address concerns and characteristics of knowledge 
work. Here, I see my conceptual model, as presented in chapter 4, a step 
forward in the direction, an important contribution, in bridging the gap 
between general principles and their specific situational instantiation. The 
situated designing model respects many of the concerns voiced above and 
addresses issues I have concluded in chapter 5.4. In chapter 7, I will return to 
the model, and continue to elaborate further upon it. I will be giving it a 
conceptual language by which we are able to name and distinguish phenomena 
in a situated design situation, to help designers and developers in making 
translations into concrete points of attention and to guide activities. 
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6. THE DYNAMITE PROJECT: THE 
CASE OF MAINTENANCE 
DECISION SUPPORT 

This chapter presents a description of the development work within the 
Dynamite project (the second development project) that took place at Växjö 
University2. The account of this project and the description of the work that 
took place are given to serve as necessary background to the following analysis. 

The chapter is structured as follows. First two short formal introductions 
to the Dynamite project and the MDSS (Maintenance Decision Support 
System) project are given. Following these, an account of the timeline of the 
development work of the MDSS project is drawn out with the major events 
and activities that took place. The purpose of the timeline is to give us points 
of references for the analysis that follows in the next chapter. An overview of 
the system itself is presented in appendix A. 

6.1 The Dynamite project 
Here follows a short description of the Dynamite project, based upon text 
assembled form public sources available at the project’s official Internet site, 
see Dynamite (2011). 

The Dynamite (Dynamic Decisions in Maintenance) Project was a 
European Community funded research project. The project was an Integrated 
Project instrument funded under the Sixth Framework Programme under a 
joint call of Priority 2 IST and 3 NMP. 

The purpose of the Dynamite project was to deliver a blend of leading-
edge communications and sensor technology, combined with state-of-the-art 

                                                        
2 Linnaeus University is a merger between Växjö University and the University of Kalmar in January 1, 
2010. 
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diagnostic and prognostic techniques, aiming to advance the capabilities of 
European industry in maintenance. 

The objectives of the Dynamite project were to produce: 
 A flexible infrastructure to host technologies for global e-maintenance 
 A hardware and software demonstrator of smart tag technology 

incorporating identity, health history and communications 
 A mobile device for access to and reporting from the e-maintenance 

infrastructure 
 A low cost wireless sensor demonstrator – a self-powered, multi-sensor, 

smart device with wireless communications 
 An online oil sensor incorporating particle counting, distribution and 

composition in one instrument 
 Tools and methods for cost-effective applications of the maintenance 

technologies for continuous enhancement of company’s profitability and 
competitiveness 
 
The Dynamite project stretched from September 1, 2005 to March 1, 2009 

and involved 14 different work packages distributed among 17 partners in 
total, consisting of 11 companies, 4 universities and 2 research institutes from 
Finland, Spain, UK, France, Sweden, Greece, Italy, and Estonia. It 
represented work of 53 person years with a budget of 6.1 million Euros. The 
coordinator of the project was VTT Technical Research Centre of Finland. 

The main outcome of the Dynamite project was the concept of DynaWeb, 
an integrated e-maintenance solution to future sustainable industrial and 
societal challenges. It integrates 28 advanced hardware and software 
components, covering the plant maintenance process from identification and 
data acquisition over condition monitoring and prognostics to decision 
support. 

A reader interested in more information on the Dynamite project is 
advised to visit the Dynamite internet site, see Dynamite (2011). 

6.2 The MDSS project 
The MDSS (Maintenance Decision Support System) project represented the 
work, within work package 12 of the Dynamite project, taking place at Växjö 
University under the direction of a senior researcher at the School of 
Technology and Design3. The official name of the work package was 
“Strategies analysis for cost effectiveness” and had the following objectives 
according to the description of work: 

                                                        
3 After the formation of Linnaeus University in January 1, 2010, the School of Technology and Design 
was reorganized and ceased to exist as an organization. 
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 Develop tool(s) for describing and quantifying the behavior of the 
interactions, i.e. transferring technical data to financial effects of the links, 
of the machine-maintenance-economy relationship 

 Develop relevant measurable performance indices for mapping the 
situation and for simplifying the decision making 

 The model being developed will be general and could be used in most 
kinds of industries, such as process and service industries and engineering 
manufacturing companies. It could be used for the entire company, for a 
production line or for a production unit 

 Develop a decision support system for cost-effective decisions enhancing 
company’s profitability and competitiveness continuously with respect to 
all these interactions 

 The decision support system is planned to be applied on data from the 
process industry and car manufacturers 
 
The work package 12 had several official deliverables (D) such as: 

 D12.1 – A description and a model of the industrial environment with 
respect to all relevant aspects covered by the interfaces of the machine-
maintenance-economy relationship (month 18 of the Dynamite project) 

 D12.2 – Test of the model developed with real industrial/typical data 
(month 31 of the Dynamite project) 

 D12.3a – Technical specifications of the toolsets and tools in the 
maintenance decision support system (MDSS). It a system for assessing 
the impact of maintenance technical activities in the financial and 
competitiveness terms (month 24 of the Dynamite project) 

 D12.3b – Theoretical background of the toolsets and tools (month 35 of 
the Dynamite project) 

 D12.3c – Development of the prototype of MDSS with its toolsets and 
tools (M36) 
 
There were two major milestones (M) representing the expected results 

and outcome of the work package: 
 M1 – A model for describing the relationship between man-machine-

economy (month 36 of the Dynamite project) 
 M2 – An intelligent system for assessing and analyzing maintenance 

financial impact (month 36 of the Dynamite project) 
 
As we can see from the formal description above the work package had 

mainly two activities going on. First the research work in producing the man-
machine-maintenance-economy model (the MMME model), which I was not 
involved with at all except that it was later implemented as an analytical tool in 
the maintenance decision support system (MDSS). Second, the actual 
development of the decision support system. An overview of the system will be 
given later in the chapter. 
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In this chapter, the individuals involved in the project are referenced by 
their role. Besides the work package leader, a senior researcher, several other 
individuals were involved within the work of work package 12. Apart from 
me, the system developer, there were several PhD-students involved in the 
research work of the work package leader on the MMME-model (introduced 
later) as assistant researchers. Assistant researcher #1 was recruited during the 
fall of 2005 and stayed on to the fall of 2006. Replacing him, assistant 
researcher #2 joined the group in the fall 2006 and stayed on to the fall of 
2008. Assistant researcher #3 joined in the fall of 2007, and continued to stay 
on beyond the life of the project. He was not directly involved with the 
project, but was at several times an important asset to us and followed our 
work closely. Others joined from time to time in helping out with the 
development work when workload and time constraints made it impossible for 
the original members of the work package group to conduct the work. Here, 
an additional assistant researcher joined us temporarily during the spring of 
2007 to the end of the summer 2007 when major specification work of the 
system was taking place. System developer #2 joined the group in the spring of 
2008 to the end of the fall 2008 to help with the development work on the 
database user interface application, an integrated component of the system, 
taking place in parallel with the development work on the MDSS. 

In giving an account to and referring to the work package 12 of the 
Dynamite project, the name “the MDSS project” will be used from this point 
onwards. This is what the project came to represent to me, and what I as a 
system developer was involved with. 

6.3 A timeline of the MDSS project 
In this section, I am setting down a timeline of the different events and work 
done during the project, leading up to the final delivery and demonstration of 
the system. It is done in order to give a necessary background to which we may 
relate during the following analysis. This account is given solely from my 
perspective, the system developer, as how I perceived events and activities. 
There were other things going on during the projects lifetime with which I 
was not involved in or informed about, and these are left out. I will only relate 
to the events and work that involved me and had an impact or effect on my 
work. Also, I am not going to give an account of the events and work going on 
in the Dynamite project as a whole, except were such had direct or indirect 
impact on my own work. The Dynamite project as a whole involved several 
different work packages each with their own goals and task to be done, and 
most of them had little relevance to my work. 

When I talk about the project, I refer to the work done at Växjö 
University, not the Dynamite project as a whole. In those cases where it is 
necessary to relate to the activities of the Dynamite project as a whole, it will 
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be stated clearly. In addition, there were several Dynamite project meetings 
scheduled, such as general assembly, steering committee, and other types of 
meetings. These usually took place four times a year, at different locations of 
the Dynamite project partners. These meeting came to give a life-rhythm to 
the Dynamite project apart from the overall time schedule set down in the 
description of work of the Dynamite project, dictating what objectives, 
deliverables, and milestones each and every partner were to follow and 
produce. During these meetings progress of partners were presented and 
decisions made as to what technological platform to use, what standards to 
adhere to, how to coordinate activities, and so forth. The earlier meetings were 
more explorative in nature, and towards the end of the project, they became 
more integration-oriented, as all of the technology produced was to be 
integrated into the common DynaWeb platform for the global demonstration. 
Where such meetings were of importance to my work as a developer, they are 
given attention. 

The entire development process took approximately three years, from 
January 2006 to February 2009, at part-time effort of me, the system 
developer. Although one product was delivered, installed, and demonstrated in 
the end, many different artifacts were developed during the journey, reflecting 
the exploration and learning going on during the lifetime of the project. Some 
of these were developed to explore possible technical avenues; others were 
means for learning and understanding. Almost all of them were abandoned 
except for a few, which were kept for demonstration purposes and future 
exploration. 

It is not an easy task to summarize the development process in a few 
paragraphs if we are to understand what went on. As I stated in chapter 3.2, I 
am, in drawing out the narrative, relieving the development process through 
all of my notes and data sources to make it recoverable to a reader of how 
experienced and perceived it. Thereby, I am conveying a richer and more 
nuanced picture than what a mere summation of events could ever hope to 
achieve. The narrative is divided into several “phases”, each reflecting different 
aspects of the development process that represents points of transitions in 
some regard, i.e. points where major changes occurred in work and 
understanding. In this, I follow the suggestion of Handley, Sturdy, Fincham, 
and Clark (2007) to focus on the tension arising at times (or points) of 
transition. To Handley et al., studying situated learning in work contexts, 
times of transition occurs when individuals move from one existing social 
network to another, adopting new roles, which represent different sets of 
relations, forms of participation and practice, and sense of identities. However, 
points of transition may also be brought about as the conditions and 
understanding of how the work is done changes, as happened during the 
development process, and these are the most interesting ones when it comes to 
follow how the project work proceeded. 



 

132 

The phases, or “points of transition”, are sometimes overlapping, and 
sometimes broken up by an interjecting phase, depending upon the need to 
meet external demands of the Dynamite project. However, these follow 
roughly the rhythm of the overall Dynamite project. One must remember that 
there were from our point of view two parallel life-processes taking place. 
First, the Dynamite project as a whole set the agenda and timeframe for all of 
the participating partners and their respective work packages, and thus set the 
borders within which we in our work package group, the second life-process, 
had to navigate. Most of the documentation, reports, models, and plans, 
concerning the development of the system, were produced because of the 
demands of the Dynamite project for formal reporting and coordination. 

Now let us turn to the timeline of the MDSS project as I experienced and 
perceived it. 

6.3.1 Pre-project contacts 
Early in the autumn of 2005, initial contacts and discussions were initiated 
together with the work package leader at Växjö University. Mostly at these 
early meetings, we discussed in general terms what the work would be and 
what we could expect in the end. From these, very informal initial meetings, I 
got the impression that we would work together to build some form of 
decision support system to support maintenance officers in making cost-
effective maintenance decisions. The resulting product would be some form of 
prototype system that could later perhaps be turned into a “sharper” version. 
However, the exact nature of the system and the practice it would support was 
not discussed at that time. 

6.3.2 Project startup 
Although the Dynamite project was officially started in September 2005, I did 
not join until February 2006. The assistant researcher #1, the other 
participant, with whom I came to share working space, had been recruited in 
the fall of 2005 to help with the research work of the work package leader on 
the MMME model (man-machine-maintenance-economy). 

In the beginning of the spring 2006, I had only vague ideas what was to be 
expected from me. There had been previous attempts, at Växjö University, to 
lay the foundation of a decision support system, called BETUS. I looked into 
that work and started to draw out a conceptual model of the information 
needs for such a potential system. Here, I worked in close relationship with 
the assistant researcher #1, with whom I could discuss my models. After the 
summer, in August, I even invited one of the researchers who had previously 
worked on BETUS to a meeting where we discussed if my information model 
could sufficiently support the information needs for a potential system. The 
idea I had at this time, since I had little idea exactly what type of functionality 
the system was going to offer in the end, was that I would start from the 
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information needs of the “practice”, a traditional database modeling approach, 
and then we could base the supposed system upon that. 

After November 2006, I laid all of these plans to rest and abandoned them. 
This might have been seen as a tremendous amount of wasted effort on my 
part, and to some degree, it felt like that. However, had I not done this work, 
I would not have come to understand the concerns of the maintenance 
practice. 

6.3.3 Early conceptualizations 
The first conceptualizations, for my part, of what the system would come to 
offer came in September 2006, as we were preparing to go to a Dynamite 
project meeting in Alexandropoulos. At this meeting, we were going to make 
our first presentation of what type of functionality our system could provide, 
and present how we could contribute to the larger project. For this work, 
discussions were initiated in our work package group on the overall conceptual 
model or overview of the system, focusing on what kind of functionality that 
would be provided. 

The system was conceptualized as consisting of several modules, each 
providing functionality for performing different analytical or simulation tasks 
in supporting cost-effective maintenance decisions, see Figure 6-1. At this 
time, I was still convinced of that my work with the conceptual information 
model of the future system was going to be the foundation of this system. 

Maintenance Decision
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(2) Basis for cost-
effective maintenance 
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(1) Determination of 
cost-effectiveness

(4) Maintenance 
investment 

recommendations
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performance 
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Figure 6-1: An early conceptualization of the system from December 2006 
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During the autumn of 2006, the assistant researcher #1 left our work 
package group for the industry. In his place, the assistant researcher #2 was 
recruited to continue with the work of the assistant researcher #1. I had been 
working on the information model of the supposed system in close relation 
with the assistant researcher #1, and his leaving probably contributed to the 
abandonment of this approach. The assistant researcher #2 was never part of 
this work and thus the incentive to continue with it was lost. 

6.3.4 First development effort 
In November 2006, the first development attempt began. It arose out of a 
need to start working on something from which I could start making sense of 
the supposed “future” system, but also prove my worth and ability as a system 
developer. 

This development work resulted in a small prototype version of what I, at 
the time, believed would be one of the major modules of the future decision 
support system, “MainSave” (Maintenance Savings), see Figure 6-2. The 
theoretical groundwork for this system had been laid out in previous research 
and development efforts at Växjö University, and had been thoroughly tested. 
Because of this, it was one of the easier and more straightforward tasks to start 
with. The purpose of MainSave was to, based upon historical and current 
data, both financial and production related, show the effects of cost savings 
related to maintenance investments. 

 
Figure 6-2: MainSave application 
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The MainSave application was later demonstrated by the work package 
leader both at Dynamite projects meetings and at several conferences quite 
successfully, as it helped the work package leader to illustrate the theoretical 
ideas behind it and the applicability of them. The MainSave application is still 
used for demonstration purposes although it has never been developed any 
further. 

6.3.5 Second development effort 
The second development effort was a small application called “Module 2”, or 
“Accurate Decisions Application”, see Figure 6-3 below. The first name 
derived from the fact that we in our early conceptualizations of the overall 
decision support system divided or grouped the functionality to be offered to a 
maintenance officer in modules. We had sketched a modularized system, and 
the name just stuck. 

The Module 2 application work began early in January 2007, and ended 
abruptly towards the end of March 2007, see next chapter. The theoretical 
foundation for this application was much more painstaking for me to grasp 
than that for the MainSave application. The theoretical work that was the 
basis for this application had been developed by the work package leader over 
10 years ago, and was quite mature. It involved statistical analysis of historic 
data and regression analysis of multiple variables. The mathematical engine of 
this analysis apparatus became quite complex, and one of my fears at that time 
was that this could possibly be a source of programming errors. We had many 
discussions in our group concerning the application of the theoretical 
underpinnings of Module 2. At these meetings/discussions, which more or 
less became tutoring sessions of the underlying theory by the work package 
leader, the assistant researcher #2 also participated. 

The Module 2 application consisted of three sets of functionalities. The 
first one for doing regression analysis and predict future levels of vibration 
based upon a set of historical vibration level measurement data. The second 
one for calculating the probability of failure based upon the current lifetime of 
the observed machine component. The third one for estimating the residual 
lifetime of the observed machine component based upon the same data as the 
second one. After the end of March 2007, this application was never 
developed any further, nor was it used for demonstrations as MainSave was 
going to be used. Instead, the lessons learned from the work on it would later 
be incorporated into the final system. 



 

136 

 
Figure 6-3: Module 2 application 

6.3.6 The forced system specification work 
The presentation of our work and what we had achieved so far, at the 
Dynamite project meeting at CRF/Fiat in Turin in March 2007, had 
consequences. We were asked, by the research leader and the software 
coordinator of the Dynamite project, to make a formal specification of our 
system, including the data needs, input and output, and how it would be 
integrated with the rest of the project. 

This work took place from April to June 2007 given all other priority, and 
resulted eventually in the “D12.3a Maintenance Decisions Support System 
Specifications” document (deliverable D12.3a). 

For this work to be completed in time, we sought help from an additional 
assistant researcher. She joined with the assistant researcher #2 in completing 
those parts of the specification for the system of which I was not familiar. 
These represented the research work by the work package leader and the 
assistant researcher #2 that was ongoing and had not been completed yet, such 
as work with the MMME model (man-machine-maintenance-economy), 
which was going to be the foundation of one of the tools of the system. 

In our first conceptualization of the system during the fall of 2006, we had 
used the term “modules” to describe the different functionalities offered by the 
system. However, as the concept was used within the Dynamite project to 
denote software produced by the different partners it did not suite us anymore. 
We were not going to develop several software modules, but one system. The 
choice of the term “tool” to denote specific functionality offered by the system 
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and the term “toolset” to denote its logical group reflected our intentions 
better. 

In the D12.3a document we specified use case scenarios, how to interact 
with the system and its tools through, diagrams showing data for input and 
results, together with their definitions, and drawings showing the user 
interfaces of system and its different tools. 

In retrospect, the fact that we were forced to do this work of specifying the 
complete system in such a short time-space was actually beneficial, it forced us 
for the first time to see the complete system, each respective tool, and how 
they were related in toolsets. It forced us to think about how we could be 
integrated into the Dynamite project, and it was during this work that I 
encountered the CRIS (Common Relational Information Schema) standard 
from the MIMOSA organization (MIMOSA, 2011) as a standard for 
representing and exchanging data. It had been introduced at the previous 
Dynamite meetings that it should possibly be used by the Dynamite project in 
order to integrate all of the different software modules produced by different 
partners. 

6.3.7 The software group meeting 
Towards the end of May 2007, a meeting with the software group of the 
Dynamite project was held in Brussels. Since much of the work done, or 
planned to be done, within the Dynamite project concerned software and 
integration of different software packages, this meeting was indeed important 
from the perspective of the Dynamite project. 

Several things were discussed and decided at this meeting. Most concerned 
the standardization of development tools and platforms to use, how to report 
progress on each partner in a standardized manner, and most important, 
which also affected us, the standard to use for exchanging data between the 
different software modules of the Dynamite partners. Here it was decided that 
we were going to use the CRIS standard from the MIMOSA organization, an 
industrial standard for exchanging industrial maintenance data. The decision 
on this had been in waiting, as it had already been talked bout at previous 
Dynamite project meetings, and with which I had already started to 
familiarize myself. Part of the specification that we worked on for our system 
had touched upon it, although not completely. What was also decided, as 
according to the minutes from the Brussels meeting was that even though the 
standard was huge, containing several hundreds of tables, they might not cover 
all of our data needs, and therefore it was possible to extend the definitions 
with extra tables in order to accommodate for them. The idea here according 
to the coordinator of the software team was that these would then be sent to 
the MIMOSA organization for possible adoption into future versions of the 
standard. 

Another outcome of this meeting was that the Dynamite project would set 
up a MIMOSA database. The database would be hosted on a SQL server at 
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IBK in Tallinn (one of the solution provider partners of the Dynamite 
project). This database was going to be used for those software-developing 
partners that needed to exchange data with each other. 

6.3.8 The end of specification work 
All through the rest of May and June of 2007 work on the specification 
continued, although at a slower rate. The specification document was sent to 
the quality team of the Dynamite project June 20, and was finally approved of 
September 10. The approval of the specification may seem as something of 
minor consequence, but to us it was a major event as finally that which had 
taken all of our attention and energy was laid to rest. It marked a long 
journey’s end for us, and we could now move on to other concerns. 

6.3.9 The birth of MDSS 
September 10, 2007 marks the birth of the MDSS system as an artifact. I 
returned to development, which I had abandoned so abruptly in March 2007 
due to the forced system specification work. Armed with the specification we 
had drawn out earlier in the D12.3a document, and the need for putting life 
into the system, I started to craft the MDSS. 

After having let the specification document been resting for a while during 
the summer and gaining some distance to it, I finally returned to it to see what 
could be done. The only thing that I found truly useful was the drawings of 
the user interfaces from that document. After having been forced to write the 
specification I was quite fed up with it, and I think its role was more or less 
over for our part. 

The first outcome the development work became an empty skeleton system 
showing the main window of the system with all of its toolsets and tools as 
shown in Figure 6-4. This overview was important to establish an image 
shared among us all in the group of the system and of how all of the seven 
tools were organized in three toolsets. This image came henceforth to serve as 
starting point for all our discussion of the system, see Figure 6-5. 
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Figure 6-4: Initial organization of toolsets and tools of MDSS 

 
Figure 6-5: Initial overview of MDSS 

Next followed the implementation of the tools with which I had had 
previous experience, MainSave and those of the former Module 2 application, 
in toolset 2. Implementation of MMME followed. Research by the work 
package leader and the assistant researcher #2 had finally matured enough to 
let me use their results to craft a prototype out of it. 
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As these tools were crafted, work began on the supporting database of the 
system. In our previous discussions of what type of data sources were going to 
be used as input to the tools and how resulting data was going to be saved, we 
had come to touch upon the need for some form of database. However, earlier 
conceptualization of the system, and even the specification document, had not 
really taken this matter seriously. We had probably assumed that some form of 
database was going to be used for gathering needed data and storing results, 
but not how. Now the need for finding out how was upon us. 

As the work package leader’s intentions with the system was going to be 
for demonstration purposes he wanted something that was non-intrusive to a 
company, i.e. did not disturb existing systems and databases. Therefore, the 
strategy was to construct a standalone database to which data, needed to 
demonstrate the system, would be transferred from company sources. Thereby, 
the risk of “contaminating” existing operative data by interfacing directly to 
company systems would be reduced. As the system in the future could be 
turned into a “sharp” version, specific integration issues could be dealt with 
then. The database was nicknamed the “Mirror” database as it was going to be 
used for mirroring data residing in other company sources, see Figure 6-6. 

The Data Source Agent is programmed to 
support the “mirror database”, which supports 
all the tools (functions) within MDSS.  

Figure 6-6: MDSS database setup 

During the fall of 2007 a fourth member of our work package group came 
to join us, the assistant researcher #3. He was recruited to help the work 
package leader in his research work. Although the assistant researcher #3 was 
not recruited for work on this project directly, he came to help a lot with the 
work on the MMME model, and participated in many of our meetings within 
the group. 

In December 2007 at the Dynamite project meeting in Tallinn, the work 
package leader made the first public presentation of MDSS and the Mirror 
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database. At the meeting, the work package leader specifically pointed out that 
our system would not be fully compatible with the CRIS standard. Some of 
our tools had data needs that were not addressed by the standard, such as 
those of toolsets 1 and 3. But those that could be, those of the former Module 
2 application in toolset 2, would be reprogrammed for demonstration purposes 
at the end of the Dynamite project to draw upon the MIMOSA database 
while the rest of the tools would draw from our Mirror database, see Figure 6-
7. 

The Data Source Agent may be programmed to be 
compatible with MIMOSA database. The rest is 
obtained from “Mirror” database.  

Figure 6-7: MDSS database setup at global demonstration 

At the Dynamite meeting in Hertfordshire March 2008 where we made 
our second presentation and demonstration of the MDSS, we hinted at that 
perhaps not all of the tools of toolset 3, as we had conceptualized them from 
the beginning, would be developed, see Figure 6-8. Development time had 
dragged out and it was becoming obvious to us that we had more pressing 
needs of testing the ones we already had finished, or were going to finish. 
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Figure 6-8: Status of toolsets and tools of MDSS in spring 2008 

6.3.10 The database user interface 
In parallel with the work on the system, that continued all through the spring 
of 2008, the assistant researcher #2 and the work package leader had, in the 
beginning of the year, received data from our industrial partners at Volvo and 
CRF/Fiat within the Dynamite project for the MMME and MainSave tools. 
This data needed to be entered into the system through the database in order 
to perform tests with it. 

It fell upon the assistant researcher #2 to do this work. As the Mirror 
database had no supporting user interface for entering the data, it had to be 
entered manually directly into the tables. From his experience, there arose an 
acute need to better support the data registration activities. Entering the data 
directly into the tables was slow work indeed, and having to keep track of 
primary, and secondary keys just added to the frustration. The database in its 
current form was not an effective means for gathering data. 

A need for a more pedagogically structured support in entering data was 
called for, especially as we were thinking on having our industrial partners use 
it as a tool for gathering their own data at their respective locations. 

To help us out with this work system developer #2 was recruited March 
20, 2008. He was going to focus solely upon the user interface of the Mirror 
database while I was working in parallel on finalizing the system. The goal was 
to have some form of “tool” for data gathering ready by end of the summer of 
2008 that our industrial partners could readily use. 
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During the spring of 2008, system developer #2 and I held several 
meetings were we explored how the system worked, how the data was 
organized and how it should be entered into the database. These meetings just 
took place in front of a white board where we could draw out graphs and 
elaborate on the structure of the user interface of the Mirror database. 

Parts of the user interface of the database are presented later in an overview 
of the final system. 

6.3.11 The final prototype presentation 
In June 2008, the first prototype version of MDSS was complete and 
presented at the Dynamite project meeting in Växjö. We had by now, also 
reduced our ambition a bit. The system would only contain five tools as 
opposed to the initially planned seven, see Figure 6-9 and Figure 6-10 below. 
The toolsets had also been restructured to reflect better the order in how a 
maintenance officer would work with the tools, from left to right. 

What now seemed to remain for us to do in reaching the second milestone 
of our work package, month 36 (August 2008) in the Dynamite project, was 
only to complete the user interface of the Mirror database. Life seemed good 
and a much needed summer break was embraced with open arms. 
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Figure 6-9: Final organization of toolsets and tools of MDSS 
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Figure 6-10: Final overview of MDSS 

6.3.12 The first set back 
Several things came to happen after the summer break of 2008. 

We had during the summer, put together instructions for data gathering, 
with a list of data variables. Plans were in motion to hand over the Mirror 
database to our industrial partners with instructions to gather data for the 
different tools. As the Mirror database was now complete or near completion, 
and structured in an easy pedagogical manner, the idea here was to have the 
industrial partners test the data gathering tool, and gather data that could be 
used in further testing of MDSS before the global demonstration in March 
2009. 

Overall, it looked like it would be a quiet autumn ahead of us. Because of 
putting together instructions for data gathering, with the type of data needed 
and their definitions, we wanted to find out first whether our industrial 
partners could identify and locate the data within their respective companies. 
We therefore sent out the data-gathering sheet with instructions to them, and 
sent it to the software coordinator in order for him to have an idea of our 
progress. 

It did not take long for him to respond to us and question what we were 
doing. In a long letter, he explained that we should not run our course by 
ourselves. He saw in the variable list several instances that were not in 
accordance with the CRIS standard, and asked us to change all of them so 
they reflected the standard. This was quite a blow and led to much 
consternation on our part. 
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During the previous meetings that we had attended, we had stated clearly 
that what we had been doing was to define our systems data needs, in our 
terms. We had also stated clearly that we for the purpose of the global 
demonstration would, reprogram the data source agent of MDSS so that it 
would use the MIMOSA database in order to satisfy the data needs of the two 
tools in toolset 1. 

However, now it turned out that the software coordinator did not want us 
to use our own database, that everything we gathered must be stored within 
the common MIMOSA database, and that we must only use the tables 
defined by the CRIS standard. All the mail conversations that we had had, 
back and forth, eventually led to a telephone conference on September 5 were 
we tried to defend our position. Our position was that our work package was 
1) not producing any data for others within the Dynamite project to use, we 
were only consumers, and 2) that most of the data needed for our system could 
not be defined within the CRIS standard, and no other partner was producing 
it. Therefore, it seemed only natural for us to have our own database for those 
“tools” that needed non-CRIS data. We were going to adjust our system so 
that those two tools that could draw upon data from the CRIS standard would 
do so. 

The telephone conference was indeed a heated one, but in the end, the 
software coordinator “overruled” us. We came to agree that all data that we 
gathered would be stored in the MIMOSA database, and that all tools of the 
MDSS would draw data from the MIMOSA database. However, because of 
that some data needs could not be defined within the CRIS standard, as we 
had pointed out, we were allowed to define our own tables for those tools that 
required this, all in accordance with the rules of the standard. The possibility 
to define extended tables within the CRIS standard had already been pointed 
out at the Brussels meeting in May 2007. 

Now, this late in the life of the project, remember the deadline or 
milestone for the prototype had already passed, month 36 of the Dynamite 
project (August 2008). This was a blow to us. I decided to bury quickly, for all 
time, the MDSS and its accompanying Mirror database. 

6.3.13 The birth of MDSS2 
September 16, 2008 marks the birth of the new system. Now, the system as 
such was not new, it was the old one, but a major revision had to be done in 
order for it to be compatible with MIMOSA database. In our group, we 
referred to it as “MDSS2”, but the original name of MDSS was kept officially. 

The first thing done was to define those tables for those tools that needed 
data, which could not be found within the CRIS standard. That led to eleven 
new tables in the first attempt. 

Then, I returned to our old Mirror database. The system developer #2 had 
completed the user interface within the database and I wanted to reuse it. 
Most of the tables within the database were translated into remote ODBC 
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tables that were connected to the MIMOSA database. This was not a major 
transformation, I had, in the previous version, already taken into account how 
the CRIS standard worked and based most of the tables of the Mirror 
database on it. Thus, the transformation went rather quickly. 

The “Mirror” database had its name changed as well. It came to be called 
the “Database User Interface Application” instead. This seemed as natural 
choice of name as it now functioned as user interface for the MIMOSA 
database instead, like a middleware system. It was not a general MIMOSA 
database management system, but tailored to our needs and only showed those 
tables we needed. The original pedagogical structure was maintained, and 
most importantly, it could still function as a data-gathering tool for our 
industrial partners. 

6.3.14 The training workshop 
In October 2008, the Dynamite project meeting in Athens was on the agenda. 
This one was going to turn out to be one of most important meetings in the 
development life of our system. 

During the actual meeting, we found out that we would have the time to 
arrange a training workshop with our Database User Interface Application. 
Our industrial partners had come to the Athens meeting and were not going 
to be tied up in any other afternoon meeting. Fortune did indeed smile upon 
us. After a night of quick planning, we could finally launch a training session. 
We had even before the meeting in Athens been planning to send our 
industrial partners the Database User Interface Application and have them test 
it and gather data for us, but now we had the golden opportunity to train them 
on using it and at the same time evaluate it. 

At the training workshop, participants from CRF/Fiat in Turin and 
Goratu in Spain participated. The workshop was structured such that the 
work package leader started with a tutoring session on how the respective tools 
of MDSS functioned, how they were related to each other, and what were the 
data variables needed for the respective tool of MDSS. 

Then, we arranged so that each industrial partner had access to a computer 
with a copy of the Database User Interface Application. During the training 
session the database application was connected, through the Internet, to the 
MIMOSA database at IBK in Tallinn. Although a bit slow, it still worked out 
perfectly. Our partners were given a short manual, and, in a near “school 
setting”, were tutored on how to operate the Database User Interface 
Application, guided through the user interface system, and trained in how to 
enter and manipulate data. 

The whole session took 2-3 hours. Reactions from the industrial partners 
were more than positive. They found the Database User Interface Application 
easy to operate, logically structured, and very useful. This kind of praise was 
something that we had been waiting for, like a reappraisal for all our hard 
work and the blow we had suffered earlier. 
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We were not going to hand the actual MDSS to them, our industrial 
partners, at this stage. We planned to do that later in the autumn of 2008 after 
we had received the data they had gathered and we had had further 
opportunities to test our system. 

6.3.15 The second set back 
All through the rest of the autumn 2008 work progressed and focused upon 
finishing the system, bug testing it, and finalizing documentations. Overall, it 
looked like we were more or less done. Both our industrial partners, who had 
participated in the training workshop in Athens, had used the Database User 
Interface Application successfully at their respective site, and gathered data for 
us. Some of the gathered data were not complete, but after a few rounds of 
email, most of these misunderstandings were straightened out. 

In December 2008, the Dynamite project meeting in Eibar was scheduled 
to take place. Since we were nearing completion of the project, the system 
worked as expected and only planning for the global demonstration remained, 
the work package leader went to the meeting alone as my presence was not 
needed. I took a much-needed break from work. 

Upon returning from the break I was met by the assistant researcher #3 
who said that the work package leader was looking for me urgently, he had 
bad news. This was just a week before Christmas. At the presentation at the 
meeting in Eibar, the work package leader had been approached by the 
software coordinator and told that our efforts were not good enough when it 
came to the integration of our system with the MIMOSA database. We had 
simply defined too many of our own tables, and some of these were not 
necessary as they could be replace with others that already existed within the 
standard. In the software coordinators words our “link to” the MIMOSA 
database did not work, i.e. that our system was not integrated with the 
MIMOSA database! 

My goodness! I thought I had done a thorough work of going through all 
of the 358 tables of the CRIS standard in order to make sure that we had done 
all that we could in not duplicating anything and that we would not overlap 
too much with existing definitions. Much subdued, I made contact with the 
software coordinator December 12, and asked him to clarify what he meant. 
This initiated a long series of email discussions that lasted all through the 
Christmas and New Year holidays up until the beginning of February 2009. 

6.3.16 Integration discussions 
In the beginning, these email exchanges became a struggle to defend our 
position, yet again. However, after having showed that the CRIS standard 
could not satisfy, from our system’s point of view, the data needs for many of 
our tools, we finally came to agree that it would only be necessary for making 
the tools of toolset 1 fully integrated into the CRIS standard, i.e. using only 
the tables defined in the standard. The tools of toolset 1 were those that other 
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software-producing partners of the Dynamite project could contribute data to 
through the CRIS standard, i.e. they could store data in the MIMOSA 
database then to be retrieved by the tools of toolset 1 of our system. 

Up until this point in the project, this late in the project, I had not given 
much thought about the integration within the Dynamite project of all of the 
software packages being produced by other work packages. Being forced to 
work with the MIMOSA database and the CRIS standard had always just 
been a nuisance for me. In my mind, the system we worked on was a 
standalone application that had nothing to do with any other partner. Now a 
bigger picture became clear to me. Our system was indeed an integrated part 
of the DynaWeb concept. Through the CRIS standard and the MIMOSA 
database we could, at least for the tools of toolset 1, draw upon data that other 
software packages of other work packages had produced. 

As the issue of how we were going to be integrated into the DynaWeb 
ended, discussions turned to technical matters of actually finding the best way 
to make use of the CRIS standard in a more unified manner. Other partners 
of the Dynamite project, who had had similar experience using the standard, 
became involved in these discussions, which continued until the beginning of 
February 2009. 

6.3.17 Integration test 
Because of the long integration discussions, which the work package leader 
had followed, a need arose for demonstrating that we had finally become 
integrated into the DynaWeb. We planned, rather quickly, to go down to 
CRF/Fiat in Turin 15-16 January to test and show just how integrated we 
were. 

Since the global demonstration was going to be held at CRF/Fiat in Turin, 
we also wanted to deliver our system to our industrial partner there, who was 
going to do the actual demonstration of the system at the global 
demonstration. 

For the purpose of integration test, we were going to use PDA-software4 
that was connected to the MIMOSA database at IBK in Tallinn, gather and 
upload through it, and then test whether it was retrievable through our system. 
Doing this integration test would then, once and for all, show that we were 
integrated within the DynaWeb through the MIMOSA database. 

At CRF/Fiat, we were met by our industrial partner contact there. The 
first day we investigated the technical environment and soon found out that it 
would never be possible to test our system, as we wanted to. The problem was 
that due to strict company policies no Internet communication was allowed to 
the outside world, save through secure channels to which we were not privy. 
We would have no way of connecting at all to the database server in at IBK in 

                                                        
4 Software program developed by another work package in the Dynamite project and executed on a 
personal digital assistant, i.e. palmtop computer. 
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Tallinn. Quickly we decided that the following day we would meet at our 
hotel, which had unrestricted Internet access for its customers, and test the 
system there. However, before that, we gave our contact an updated version of 
the Database User Interface Application and finally the sharp version of 
MDSS was installed on his laptop. At least we managed to complete part of 
our purpose for the visit, the delivery. 

On the second day, our contact met up with us at our hotel. For the test, 
he used PDA emulator software to gather data, which was then uploaded to 
the MIMOSA database at IBK in Tallinn, and the big moment was upon us. 
Would that be retrievable by him also through our system? The test was a 
success. Nevertheless, it was important that it had been done by the industrial 
partner himself and not by us, otherwise credibility would have been lacking. 
These tests, we made several others just in order to find how everything 
worked out, resulted in the “Integration test and demonstration at CRF – 
MDSS Mimosa link PDA” report, which was also distributed to the software 
coordinator and other partners of the Dynamite project. Figure 6-11 and 
Figure 6-12 show some of the results of the integration test presented in the 
integration test report. 

 
Figure 6-11: PDA emulator software used for defining data in the MIMOSA database 
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Figure 6-12: Data loaded from the MIMOSA database 

6.3.18 Global demonstration 
Finally, in March 2009 the last of the Dynamite project meetings came to 
realization at CRF/Fiat in Turin. It was time for the final global 
demonstration were all of the fruits reaped from the labor of more than three 
long years were going to be put on display in front of a global audience. 

As we were many partners involved within the project, only small timeslots 
had been allocated for each and everyone to demonstrate their work. Our 
industrial partner contact at CRF/FIAT was going to demonstrate our system, 
so it was just to step down from the scene, cross one’s fingers, and hope 
everything worked out. He used his personal wireless modem in his laptop to 
get outside access to the database server, and there were some rather nervous 
moments as we were waiting on the slow connection to show any life signs. 
However, it all worked out beautifully in the end. We had had the previous 
day a final repetition to show that the demonstration would indeed work out 
and no problem had surfaced then. 

In short, the sum of all our troublesome work during three long years was 
summarized in a 20-minute demonstration that, even if it was successful, left 
me feeling a bit empty. We had met the goal, we had met the deadline, and 
we had delivered what we had promised to do, but the rather short 
demonstration could never convey the full potential of the system and the 
work we had put into it. 
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The global demonstration as such was not a dramatic event for our part. 
Although, it marked the end of the Dynamite project as such, and it was time 
to part from people we had gotten to know quite well during its lifetime. 

6.3.19 Post-project work 
In the after-match of the global demonstration nothing much remained. The 
intentions of the work package leader were that the system was going to be put 
on a CD for easy distribution and demonstration to possible interested future 
industrial partners. All the trouble we had gone through during the fall of 
2008 of moving to a solution based on a central database server instead of on a 
standalone database, was going to come right back to us again. I helped in the 
initial planning work of how to make the transition back to a more mobile 
solution, but left the actual work to others since my time was up. What now 
has become of the system, and if it is used, remains unknown to me. This 
chapter in my system developer’s life was indeed closed to me. Such is the life 
of a system developer. As soon as the system is delivered, it takes on a life by 
itself. 
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7. SITUATED DESIGNING 

In this chapter, I am going to return to the model presented in chapter 4 of 
the design situation, and continue to elaborate upon it. I will also explore three 
situations, or episodes, of situated designing that took place during the second 
development project in relation to the more elaborated model. Here we will 
return to incidents that occurred during the timeline accounted for in chapter 
6. 

7.1 Integrated worlds of designing 
In chapter 4, I have depicted the design practice as an interaction between 
three worlds (actually sub-worlds), as recapitulated in Figure 7-1 below. 

This might be a bit naive image, but it serves to clarify processes going on, 
and transitions between the worlds. The picture lends itself to an easy 
exploration, and perhaps to an easy pedagogical mission. However, it does not 
really make any sense to depict these worlds as separate, unless to stress and 
clarify the transitions between them, and to talk about what is going on in 
each specific realm. 

There is a danger here. If we keep them separate, we run the risk, 
unconsciously or not, of adopting a view of the transition (or communication) 
between the sub-worlds as being close to what Maturana and Varela (1992) 
depict as a “tube for communication”. They emphatically object to this view 
that “communication is something generated at a certain point … carried by a 
conduit (or tube) and is delivered to the receiver at the other end … there is a 
something that is communicated, and what is communicated is an integral part of 
that which travels in the tube” (Maturana & Varela, 1992, p. 196). No, they 
state that “communication that takes place each time there is behavioral coupling in 
a realm of structural coupling” (Maturana & Varela, 1992, p. 196), i.e. the 
cognitive capabilities of the agents involved in the act must be placed within 
the ongoing inter-action in the living world (or practice). 
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The shared envisioned world The private interpreted world

The private experienced world
Converged

Wanted

Materialized

Experienced

Interpreted

Reinterpreted

Reflected

Envisioned

The situated designing world

Explorative/sense-making

 
Figure 7-1: Design practice simplified (revisited) 

Now, if we stop and reflect upon what has been surfaced in the 
examination of the knowledge work practice in chapter 5, we may well 
remember how it was summarized. 

Knowledge work practice is about work that is emergent and non-routine, 
in some instance highly creative. It may be seen as a response to arising 
situational conditions and not easily captured in work scripts, and as making 
do with what is at hand, like “bricolage”, see for example Weick (1993). This 
work not only transforms and produces knowledge but also draws upon 
sources of tacit knowledge for its completion. It is work that is situated, in so 
far that it is the living context of the work that makes it meaningful, not only 
to the one participating and engaged in it but also to those contributing to and 
benefiting from it. It is thus social in that meaning, how observed phenomena 
should be interpreted and understood, is socially constructed and negotiated. 
For the output of the work to be useful and meaningful to others, it must be 
recognized as such beyond the immediate borders of the practice. 

Knowledge in the practice is predominantly tacit, a human “property”, its 
meaning being socially defined and negotiated, as pointed out above. Such 
tacit knowledge cannot simply be separated from the practice, captured, 
packaged and exported as a de-contextualized commodity and applied in 
another setting effectively. It is only made visible through the ongoing 
enactment in and the activities within the practice. The dependency upon or 
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inseparability from a living ongoing practice favors a view of knowledge best 
described as knowing enacted in practice. Such a view summarizes the points 
made above and at the same time highlights not only the situated nature of 
knowing in practice but also its tacit and social dimensions. The way to 
become knowledgeable in and of the practice is to be engaged in its activities. 

Knowing in practice and learning in practice are two sides of the same 
coin; they are inseparable or at least tightly coupled to each other, the one 
conditioning the other. Learning is thus situated in practice and inseparable 
from the engagement in practice, requiring an active work setting. New 
understandings and retransformations of older ones cannot be derived unless 
framed within a living context for trying out insights and gaining experience. 
Work-based learning cannot simply be achieved in a classroom setting, as it is 
for newcomers a process of being encultured into the practice, observing and 
gradually trying out for oneself, and for old-timers a process of honing their 
skills and being confronted with phenomena at the border of their 
understanding and competence. 

It is only through an active engagement and participation in the practice, 
rolling up one’s sleeves and being part of the effort so to speak, that we may 
learn anything about it, reach a deeper understanding of what is really going 
on and why. For an outsider, mere observation does not lend itself easily to an 
understanding of what is truly going on, since much of the work taking place, 
depends upon the tacit knowing gained from or generated as a consequence of 
experiencing the effects of one’s endeavors. Neither does the retelling of 
accounts of the practice lend itself easily to the same understanding. For them 
to be meaningful, they must be related to experience made by an engagement 
and participation in the practice. 

Recognizing all these things it seems only natural that I move these worlds 
as to overlap each other, see Figure 7-2 below. Now the model becomes more 
fluid and dynamic, removing the false image of isolated worlds and the illusion 
of that knowledge may be objectified. However, I have, in doing so, come to 
obscure the transitions going in-between the sub-worlds. I will return to these 
shortly. First, let me comment upon the new integrated model. 

I believe the integration (or overlapping) correctly recognizes the fact that 
each individual partakes in many social settings (or communities of practices, 
which may be a more appropriate term to use here, see Wenger (1998)). 

If we view these sub-worlds as community settings, then agents involved 
cannot move from one setting to another without carrying with them their 
identities of belonging to others, the histories of inter-action within others, 
and so forth. We cannot simple turn of one part of ourselves as to be 
completely “un-biased” when entering another. 
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The shared envisioned
world

The private interpreted
world

The private experienced
world

 
Figure 7-2: Integrated worlds 

By recognizing these overlaps, we acknowledge that individuals never exist 
in binary modes, i.e. move in and out of different roles and contexts, 
disregarding previous engagements. This is the essence of what Wenger 
(1998) describes as multi-membership, acknowledging that individuals 
participate in several overlapping communities at the same time. In our 
everyday activities, we always bring with us a personal history of previous 
engagement and participation in other contexts, different involvements and 
identities, where norms and discourses may complement or conflict with one 
another and come to bear upon our present situation. 

This overlapping of social settings has also been recognized by Handley, 
Sturdy, Fincham, and Clark (2006, 2007) who have made a deliberate and 
quite successful attempt in operationalizing a situated learning perspective in a 
work context based upon the work of Lave and Wenger (1991), and used it to 
explore and explain instances of situated learning in empirical settings. 

One can but reflect upon the fact that Gero and Kannengiesser (2004, 
2008), who have approached the concept of situated design, seem to tread 
carefully here. Although they talk about their worlds of design activities as 
separate entities, they are careful to point out that they are nested within each 
other, thus, I believe, recognizing the same issues. 

The non-integrated model from chapter 4 could have lead us, falsely, to 
believe that we may leave a role for another completely, but in reality, we 
seldom leave a world completely when entering another. 

Now I find myself in a position where it is tempting to suggest that we 
may somehow label all of the zones, both overlapping and distinct, with 
descriptive names reflecting action going on within these, see Figure 7-3. 
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The shared envisioned
world

The private interpreted
world

A C

B

F

D E

The private experienced
world

 
A) Envisioning and reflection; B) Interpretation and reinterpretation; C) Materialization and 

experiencing; D) Pure conceptualizing; E) Designing or building for its own sake; and, F) Blind 

enacting 

Figure 7-3: Integrated worlds with zones 

These labels somehow falls back upon the way I have earlier in chapter 4, 
described the transitions going on. All should be familiar except, perhaps, the 
ones for zone D, E, and F. The naming of those seems to indicate that what is 
transpiring there has no relation or effect on each other. Indeed that is the 
case. Pure conceptualizing without any ties to either the work practice or the 
concerns of technological design cannot be seen as anything but an academic 
excursion, the building of castles in the air. The same may be said about 
design for its own sake. Whereas blind enacting simply means doing without 
reflection. Each of them separately is of no interest to me. I acknowledge that 
they as phenomena do exist, however they are not really of my concern, but as 
referential points. 

I find that it is in the overlapping zones where things seem to be 
happening, when activities are brought into relation with each other, giving 
each context and energy. It is in the overlap between the shared envisioned 
world and the private enacted world that knowledge of the work practice may 
be brought to bear upon the vision of a future system through envisioning and 
reflection. The same holds true for the other overlapping zones. Therefore, I 
will restrict or focus myself to the overlapping zones only and use them in my 
further explorations. This restriction or focusing is repeated in Figure 7-4. 
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The shared envisioned
world

The private interpreted
world

A C

B

The private experienced
world

 
A) In the overlap zone between D and F – envisioning and reflection; B) In the overlap zone 

between D and E – interpretation and reinterpretation; and, C) In the overlap between E and F 

– materialization and experiencing 

Figure 7-4: Integrated worlds focusing on overlapping zones 

7.2 Knowledge in designing 
Designing is all about transforming the knowing gained in the situation, and 
so far I have not explored or examined what the nature of this knowing is. To 
further this aim, I turn to the seminal work of Kensing and Munk-Madsen 
(1993) where they explore knowledge domains and communication processes 
in design, and then I continue to examine these in relation to my new 
integrated model when looking at knowledge transition processes. 

7.2.1 Knowledge domains and communication processes 

Table 7-1: Knowledge domains (adapted from Kensing & Munk-Madsen, 1993, p. 80) 

 Users’ present work New system Technological options  
Abstract 
knowledge  

Relevant structures on 
users’ present work (2)

Visions and design 
proposals (5)

Overview of technological 
options (4)

Concrete 
experience  

Concrete experience 
with users’ present work 
(1)

Concrete experience 
with the new system (6)

Concrete experience with 
technological options (3) 

 
If we take the perspective of designing as communication of knowledge 

between these different sub-worlds, then the work of Kensing and Munk-
Madsen (1993) may not only help but also be very appropriate in clarifying the 
nature of knowledge transition processes in the design situation. For this 
reason let us recapitulate their model of knowledge domains, see Table 7-1 
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above. I have already talked about it in chapter 2, where a lengthy account may 
be found. 

What is important to note is that Kensing and Munk-Madsen (1993) seem 
to lead us to believe that knowledge communication in the design situation 
flows approximately as follows, see Figure 7-5, between the different domains, 
which also Pries-Heje and Dittrich (2009, pp. 49-51) concur with in their 
work. 
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6
 

1) Concrete experience with users’ present work; 2) Relevant structures on users’ present work; 3) 

Concrete experience with technological options; 4) Overview of technological options; 5) Visions 

and design proposals; and, 6) Concrete experience with the new system 

Figure 7-5: Knowledge communication 

However, this view seems to be a bit simplified, depicting knowledge 
transitions as being restricted to certain paths. The reaching of a specific state 
or domain of knowing may only be achieved through a chain of dependencies, 
or pre-determined or pre-conditional transitions. It seems to obscure the 
possibility of more direct influences. I propose that a more dynamic approach 
would be to view knowledge communication as more process-oriented, see 
Figure 7-6, where the different dependencies are more direct, creating other 
possible transitional paths. 
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1) Concrete experience with users’ present work; 2) Relevant structures on users’ present work; 3) 

Concrete experience with technological options; 4) Overview of technological options; 5) Visions 

and design proposals; and, 6) Concrete experience with the new system 

Figure 7-6: Process view 

Thus, we come to recognize more clearly the situatedness of the design 
where concrete experience of the system (or prototype system) may very well 
strengthen or enhance our experience (both of the users’ and of the designers’) 
of the work context and technological options. This view emphasizes the 
central role the evolving system, the ever more materialized understanding, 
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plays as an engine in driving the design process. It gives, I feel, a more 
adequate respect to the fact that we see the development process of a prototype 
system as an instrument of learning, as a means to make sense of where we are 
and may be heading. It emphasizes that all design takes place somewhere, i.e. 
it is situated. 

It may even be tempting, in line with my previous reasoning concerning 
the new integrated model, to remove the arrows indicating transitional 
directions, as shown in Figure 7-7 below, to create a wholly relational view of 
the knowledge transitions. Thus, we would be stating that everything stays in 
relation to each other and depending upon how we choose to observe the 
phenomenon of design knowledge, it takes on a new shape and new meaning. 
That would emphasize that, depending upon the situation, where we are right 
now in the world of designing, knowledge domain 2 may be seen as either 
related to domain 1, 5, 6, or all of them in any combination. They would be 
aspects emerging whenever we chose a new angle of observation, a multi-
faceted prism revealing different sides depending upon the spectacles currently 
worn. 

However, I think that such an attempt would ridicule the purpose of 
clarifying the dynamics of design. We must recognize that if we see designing 
as an activity that moves us in certain directions, to new levels of 
understanding, then a pure relational view is not adequate. We need the 
arrows to show this “movement”, as shown in Figure 7-6. 
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1) Concrete experience with users’ present work; 2) Relevant structures on users’ present work; 3) 

Concrete experience with technological options; 4) Overview of technological options; 5) Visions 

and design proposals; and, 6) Concrete experience with the new system 

Figure 7-7: Relational view 

As most knowledge “communication” is taking place in the overlapping of 
the sub-worlds, it seems only natural to place the “origins” of these knowledge 
domains at the intersections of the different sub-worlds, see Figure 7-8. 
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The shared envisioned
world

The private interpreted
world

The private experienced
world

 
1) Concrete experience with users’ present work; 2) Relevant structures on users’ present work; 3) 

Concrete experience with technological options; 4) Overview of technological options; 5) Visions 

and design proposals; and, 6) Concrete experience with the new system 

Figure 7-8: Knowledge domains simplified 

Here, I have placed the origins of knowledge domain 1 and 2 in the 
overlap zone between the private experienced world and the share envisioned 
world. Reasons for doing this is that the transitions between them reflect the 
way experience of the work practice lends itself to the building of abstract 
knowledge of the same, and that the abstract knowledge in turn becomes the 
means to question the work practice. Concrete experience of the work practice 
is foremost brought into the design situation through the users and to some 
extent by the developers, or designers, depending upon their engagement in 
the same. 

Further, I have placed the origins of knowledge domain 4 and 5 in the 
overlap zone between the shared envisioned world and the private interpreted 
world. In this zone, visions and design proposals of the future system are 
constructed in a confrontation with an overview of technological options in a 
“mutual dance” of interpretation and reinterpretation. It is a mutual process of 
transition since the establishment of the vision of the future system may 
question, strengthen, and expand our understanding of what is possible with 
technology, and our current understanding of what is possible to achieve may 
shape our vision of the future system. Knowledge of the new system at this 
abstract level is of course generated in a mutual process between the users and 
designers, each bringing with them their set of expectations, experience, and 
understandings. 

Finally, I have placed the origins of knowledge domains 3 and 6 in the 
overlap zone between the private experienced world and the private 
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interpreted world. Both concrete experience with technological options, such 
as similar systems and tools, as well as concrete experience with the new 
systems are gained and communicated here. Designers gain experience with 
the new system as they developing it, testing it, and gathering feedback from 
the users. Likewise, users gain their experience when the materialized system, 
representing the current understanding of the future system, is brought into 
their work context. 

I must admit, that even though this placing of the origins of the knowledge 
domains seems very convenient, in truth, it may not be so obvious. For 
example, parts or aspects of the knowledge domain 2 may very well be found 
to “spill over” into the zone where both 4 and 5 are placed. One has just to 
return to Figure 7-6 to remind oneself that due to the nature of the 
transitional dependencies, this must be the case. Looking at the other zones, 
the same relations may be found there as well. The correct way to talk about 
the placement of the knowledge domains would be to say that they seem to be 
predominantly originating or belonging to one overlap zone or another. For 
the purpose of clarity and ease of exploration, I will keep this image of an 
unambiguous and untroubled placement, just as long as we remember that 
there are inter-zone dependencies. 

7.2.2 Knowledge transition processes 
Now finally, I have arrived at the position where we may examine what kind 
of processes that may be derived from Figure 7-6 coupled with Figure 7-8. 
Having three overlapping zones, as proposed in Figure 7-4, yields three 
knowledge transitions processes, which I label as practice driven, technology 
driven, or conceptualization driven. Other types of processes could be derived 
from Figure 7-6, as other types of transitional paths are possible, the 
imagination is the limit. However, the ones I have chosen to focus upon are 
the ones I have found relevant and fruitful to explore in my examination. 

The first knowledge transition process is one that is predominantly driven 
by the practice, involving a transition of the knowledge domains depicted in 
Figure 7-9. 
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1) Concrete experience with users’ present work; 2) Relevant structures on users’ present work; 3) 

Concrete experience with technological options; 4) Overview of technological options; 5) Visions 

and design proposals; and, 6) Concrete experience with the new system 

Figure 7-9: Practice driven – knowledge transition #1 
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In the first knowledge transition process, experience with the work practice 
helps building a representation of it, which in turn feeds the formation of a 
vision of the future system. This vision of the future system has direct bearing 
upon the materialization of the prototype system, leading to the enablement of 
the users to experience it in the work context and so forth. The prototype 
system comes to function as an instrument for better understanding and 
representation of the practice. Where does the process start? Well, that could 
be a matter of taste or from which angle we enter this process. Two entry 
points might be appropriate here. Practical experience with the work practice 
could give rise to a need to improve upon in it, leading to abstract 
representations and analysis of it. We could also start to model without any 
prior practical experience, without being burdened with what is possible or not 
in the current practice, and thus envision a bright new world or future without 
any constricting historical luggage. 

The second knowledge transition, shown in Figure 7-10, depicts a process 
that is driven predominantly by with what is possible to achieve with or 
through technology (or our understanding of the technology). 
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1) Concrete experience with users’ present work; 2) Relevant structures on users’ present work; 3) 

Concrete experience with technological options; 4) Overview of technological options; 5) Visions 

and design proposals; and, 6) Concrete experience with the new system 

Figure 7-10: Technology driven – knowledge transition #2 

In the second knowledge transition process, previous experience of similar 
technological (or design) solutions could lead to an improvement of our 
understanding of what is possible to achieve, what the technology may or may 
not offer. Such an understanding may very well influence us in how our vision 
of a future system would look like. The practical experience of the materialized 
system then becomes an addition to the base of concrete experience of similar 
systems or technological solutions, merging with and expanding it. There are 
several possible starting points for this process, or merry-go-round. A 
predominantly technology driven process could start from either knowledge 
domain 3, 4, or 5, all depending upon what kind of previous experience we 
have. Concrete experience with similar systems could spur a mission of 
improvement, a search for better solutions. Our understanding of the 
technological options, of what may be achieved in a future better world, could 
spur a round of envisioning what such a new system would look like. It is a bit 
more difficult to see how the process could originate from knowledge domain 
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5, unless, of course, we admit that a technological driven process is dependent 
upon to some degree, in parallel or sequentially, by a more practice driven 
process. 

The third knowledge transition process is one that is predominantly 
conceptual driven, as shown in Figure 7-11. It is a process, which is heavily 
dependent on our abstract understanding of what could or should transpire in 
both the work practice and what options technology may offer. 
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1) Concrete experience with users’ present work; 2) Relevant structures on users’ present work; 3) 

Concrete experience with technological options; 4) Overview of technological options; 5) Visions 

and design proposals; and, 6) Concrete experience with the new system 

Figure 7-11: Conceptualization driven – knowledge transition #3 

The third knowledge transition process seems to be driven, concurrently, 
from both the knowledge domain 2 and 4. Both are necessary in the formation 
of a design proposal or vision of the future system, although it may be an ideal 
image as there are no apparent dependencies paths from any concrete 
experience of either the work practice itself or what similar systems could 
offer. Concrete experience with the new system may strengthen both of the 
domains of abstract knowledge as it now comes to represent the materialized 
understanding of the ideal world. Thus, a round of reflections may well be 
triggered concerning whether our abstract understanding is sufficient or 
adequate to represent properly our “ideal system”. The process look like it is 
naive in its belief in pure intellectual endeavors to improve the world. 
However, the process depicts a situation that is not as unheard of, as it may 
appear. For example, many database applications or systems seem to be the 
fruit of such processes. 

All of these transitional processes may now be placed at their respective 
overlapping zone in the model, shown in Figure 7-12 below. Their placement 
is of course influenced by my characterization of these zones from Figure 7-4. 
The practical driven transition process entails, as I perceive it, both 
envisioning and reflection. The conceptual driven knowledge transition 
process entails both interpretation and reinterpretation. Finally, the 
technology driven knowledge transition process entails both materialization 
and experiencing. 

At the same time when placing the knowledge transition processes within 
their respective zone, I also acknowledge the fact that nothing is black and 
white. I clearly recognize that activities going on in the zones seem to be 
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predominantly driven by one type of process or another. Thus, the key word is 
“predominantly driven”. For sure, these types of knowledge processes may 
overlap at some points and influence each other, and may take on aspects of 
each other. However, for the sake of clarity and pedagogical mission I prefer 
to uphold this image rather than complicate it. Every model is nothing but a 
simplification and abstraction of an ever more complicated reality. As long as 
we keep remembering that the model shows only the predominant processes, 
and does not try to hide or obscure the fact of possible inter-related 
dependencies, then it serves its purpose. 

The shared envisioned
world

The private interpreted
world

A C

B

The private experienced
world

 
A) Predominantly practice driven; B) Predominantly conceptualization driven; and, C) 

Predominantly technology driven 

Figure 7-12: Integrated worlds focusing on overlapping zones (revisited) 

7.2.3 Design engagements 
One thing remains to do before my model is satisfactory, and that is to 
examine how the different knowledge transition processes relate to the design 
activities or engagements of the initial model from chapter 4. Here, I have 
shown these in Figure 7-13, Figure 7-14, and Figure 7-15. Please bear in 
mind, the figures may seem very unambiguous and stylized, but they 
represent, as I see it, the most predominant paths. Other possible similar paths 
of transitions may be possible or likely, as is hinted at in Figure 7-6, although 
not as emphasized or apparent. 
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1) Concrete experience with users’ present work; 2) Relevant structures on users’ present work; 3) 

Concrete experience with technological options; 4) Overview of technological options; 5) Visions 

and design proposals; and, 6) Concrete experience with the new system 

Figure 7-13: Practice driven design engagements: Envisioning – Reflection 

In Figure 7-13, the design engagement “envisioning” is shown as the 
design solution emerging guided by our abstract understanding of work 
practice, and involving a knowledge transition process. The design 
engagement “reflection” is shown as the proposed design serving as a means of 
questioning or exploring the work practice. 
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1) Concrete experience with users’ present work; 2) Relevant structures on users’ present work; 3) 

Concrete experience with technological options; 4) Overview of technological options; 5) Visions 

and design proposals; and, 6) Concrete experience with the new system 

Figure 7-14: Technology driven design engagements: Materialization – Experiencing 

In Figure 7-14, the design engagement “materialization” is shown as the 
design solution being predominantly guided by the understanding of possible 
or available technological options. The design engagement “experiencing” is 
shown as concrete experience of design that questions or informs our 
understanding of possible design solutions. Ultimately, it is possible to see this 
as concrete experience with the proposed system solution informing our 
abstract understanding of the same (the vision), through our broadened 
understanding of, concrete or abstract, technological options available. 



 

167 

2

3

4

1

5

6

2

3

4

1

5

6

 
1) Concrete experience with users’ present work; 2) Relevant structures on users’ present work; 3) 

Concrete experience with technological options; 4) Overview of technological options; 5) Visions 

and design proposals; and, 6) Concrete experience with the new system 

Figure 7-15: Conceptualization driven design engagements: Interpretation – 

Reinterpretation 

In Figure 7-15, the design engagement “interpretation” shows design as 
guided by the abstract understanding of the work practice and the possible or 
available technological options. The design engagement “reinterpretation” 
shows design solution as questioning or informing our abstract understanding 
of the work practice and possible technological options. 

One could of course argue that any move from 5 to 6, taken in isolation, 
would mean some form of materialization. What else could it mean, but a 
vision of design given “flesh”? However, then one might forget from where the 
seed to this step comes from, that the embodiment of any understanding is 
dependent on how it could or should be realized through technology, to which 
our abstract understanding of technological options strongly contributes. Then 
one could go on to argue that it is not enough, the materialization clearly must 
be dependent upon the abstract understanding of the work practice as well. 
We could now use similar arguments for all of the individual transitional steps. 
However, I will emphasize here, and further on, that none of these types of 
design engagements happen in isolation, none are truly independent of each 
other. They happen more or less in parallel, sequentially or any such 
combination, feeding of and bleeding into each other. Any move from 5 to 6 
is ultimately dependent and informed by the other domains of design 
knowledge. In some instances, one path may be more visible, without the 
others suffering from it. We may choose to view any specific design situation 
or incident from any of type of engagements to explore issues that are, 
presently, at the center of our interest. What one should not do is to 
stubbornly cling to only one when exploring a design practice as a whole, as 
that would undoubtedly lead to a one-eyed view, but of course, as the saying 
goes that in the land of the blind a one-eyed man is king. However, to gain a 
rich understanding, with both eyes open, all of them should be used, in 
parallel, sequentially, or in any such combinations. Truthfully, the use of the 
process view from Figure 7-6 would paint the picture, but it hides and 
obscures how transitional paths winds through the landscape of the designing. 
In order to explore those transitional paths and relations that we find 
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compelling, we need to make certain paths stand out from the background, 
and give them names to be able to refer to them, to talk about them. 

Very well, then a friend of methodology (favoring methodical approaches) 
might ask in what order should they be used. I truly do not prefer or advocate 
any order. However, a quick glimpse at the model from chapter 4 reveals 
something of a sort. In there the design practice seems to start by a want 
entering the shared envisioned world, and exiting as our understanding 
converges in the private experienced world. There are two small rounded 
arrows in the middle indicating that the design practice somehow evolves 
going from the shared conceptualizing world all-around to the private 
experienced world through the private interpreted world. This could 
undoubtedly lead to the conclusion that one starts with exploring the 
technology driven process of the overlapping zone between the shared 
envisioned world and the private interpreted world, and move onwards. 
However, although this might seem convenient, I will remind that I advocate 
no such thing. Only if it is conducive and fruitful to the explorations at hand, 
could or should such an approach be taken. Otherwise, it would be most 
becoming to let the situation decide, i.e. work in a situated spirit. 

7.3 Episodes of designing 
At this stage, having now reached a new model or perspective of the situated 
design practice, repeated in Figure 7-16 below, it is time to examine how this 
model may help to explain and shed light to what is happening in the design 
situation. There is a need to see the model come alive, to occupy physical 
space, and to talk back to us, in short, to get a sense of its descriptive power. 

For this purpose, I am now returning to the development project described 
in chapter 6 and examining three episodes of situated designing that may be 
classified as predominantly practice, technology, and conceptualization driven. 
They are not only chosen as they represent these categories, but also as they 
represent points of transition brought about as the conditions and 
understanding of how the work was to be done changed, and came to be 
represented in materialized form, i.e. as tangible artifact. Most design work, 
throughout the project, was rather unromantic, involving iteratively small steps 
of improvement. However, these episodes are more “dramatic” and thus more 
illuminating and telling. It is recommended that a reader be acquainted with 
the content of chapter 6 before proceeding, as the episodes are not presented 
in a chronological order, their relations to each other may here not be fully 
understood, and other events and incidents providing them with a wider 
context are not described. In the episodes, no individual is mentioned by 
name. The role names of chapter 6 are used again to preserve consistency. 
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1) Concrete experience with users’ present work; 2) Relevant structures on users’ present work; 3) 

Concrete experience with technological options; 4) Overview of technological options; 5) Visions 

and design proposals; and, 6) Concrete experience with the new system 

Figure 7-16: The integrated model with knowledge domains 

In presenting the different episodes, I am a bit inspired by the structural 
approach of Orlikowski (2002, pp. 256-267) as she presented here findings 
from the study of Kappa on knowing in practice. An overview of the repertoire 
of knowledge transitions, design engagements, and episodes is shown in Table 
7-2. 

Table 7-2: Repertoire of knowledge transitions, design engagements, and episodes 

Knowledge transitions Design engagements Episodes
Practice driven Envisioning

Reflection
Episode 1 – MMME & 
Integration test

Technology driven Materialization
Experiencing

Episode 2 – DBUI

Conceptualization 
driven 

Interpretation
Reinterpretation

Episode 3 – MainSave

7.3.1 Episode 1 – MMME and Integration test 
The first episode describes a predominantly practice driven design engagement 
or knowledge transition. It is summarized in Figure 7-17. This episode 
incidentally consists of two stories from the project, each showing different 
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side of the design practice. One must keep in mind that the Dynamite project 
primarily was a research-based development project. That which we developed 
in our work package had not before been developed, as far as any of us were 
aware of within the work package group, and the work package leader had 
conducted surveys. There were no other system solutions available on the 
market comparable to ours. Therefore, the development work was mainly 
based upon theoretical models (theoretical understanding), each tested in part 
or to be tested, and the vision of the work package leader of a cost-effective 
maintenance practice. 

2
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6

The shared envisioned world
(conceptual practice)

The private interpreted world
(artificer practice)

The private experienced world
(enacted practice)

The situated designing world
(design practice)

 
1) Concrete experience with users’ present work; 2) Relevant structures on users’ present work; 3) 

Concrete experience with technological options; 4) Overview of technological options; 5) Visions 

and design proposals; and, 6) Concrete experience with the new system 

Figure 7-17: Transition #1 – practice driven 

Although the final system solution was never tested under real conditions 
in the demanding reality of industrial practice during the Dynamite project 
timeline, it was something the work package leader envisioned to come after 
the project had ended. Therefore, it is difficult to find one coherent story that 
exhibits all types of engagements of predominantly practice driven designing. 
Especially designing that is informed by and informing our understanding of a 
living user practice. It was development work, at least during the project time 
when I was involved, that was more of proof of concept, i.e. models, which 
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could be considered postulates, made into a computer-based toolkit, evaluated 
with realistic data, and thus proven to function. Hence, the choice of 
providing two stories to contribute jointly to a richer picture. 

The first story is that of the development of the tool MMME from chapter 
6.3.9 The birth of MDSS. This story is primarily explored in order to 
illustrate and exemplify the design engagement of envisioning, and, when 
appropriate, that of reflection, see Table 7-2. 

The second story is that of the integration test performed in Turin in 
January 2009 from chapter 6.3.17 Integration test. The events leading up to 
this story began already in chapter 6.3.15 The second set back, with the fateful 
second set back. This story is primarily explored in order to illustrate and 
exemplify the design engagement of reflection, and, when appropriate, that of 
envisioning, see Table 7-2. 

Even though both stories are not directly related to each other, being so 
chronological far apart and dealing with seemingly different issues, they are 
very much part of the whole design and development project, and ultimately 
the final design solution, as it enfolded during the timeline of the Dynamite 
project. 

The MMME story 

The MMME tool was born from the vision of the work package leader, of 
being able to assess and make visible losses in production time as part of a 
cost-effective maintenance practice in the industry, to be able to identify and 
prioritize problem areas beneficial to the planning of maintenance actions. 

This vision had congealed, from theoretical investigations and practical 
experience, into the model of MMME. The theoretical underpinning behind 
the model still needed further testing and validation, to show that the model 
adequately revealed those issues that were intended, and that that revelation 
was indeed useful. This was something that the work package leader planned 
to do during and through the Dynamite project. 

I am not much privy to the details of these initial and later theoretical 
investigations, as they were the domain of the work package leader and the 
assistant researcher #2, documented in Al-Najjar, Andersson, and Jacobsson 
(2007) and later in Al-Najjar (2010). My main role within the work package 
group was to mediate or enable the realization of their theoretical 
understanding, the MMME model, into a computer-based support tool. In 
my role as a designer, I did not need to know all the details of their theoretical 
findings. I only needed to understand and be comfortable with how the model 
worked and why, what its purpose was, what problems it could solve (and 
could not solve), and what kind of data it would use, in order to be able to 
make informed questions and explorations in making sense of how it should 
and could be designed. Further background of the MMME tool may be found 
in Al-Najjar and Eberhagen (2010). 
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My initial encounter with the model was in a form of a paper-based model, 
shown in Figure 7-18. Amazing, to think that an entire envisioned practice, 
with all its applications and consequences, could be reduced to just a single 
sheet of paper. Although at first it struck me as inconspicuous, it would soon 
reveal to bring about a richer world of meanings and understanding. 

 
Figure 7-18: Man – machine – maintenance – business relationship and mechanisms of 

transferring their impact (adapted from Al-Najjar, Andersson & Jacobsson, 2007, p. 

2131) 

In my first attempts to make sense of the model, to feel it out, to open the 
door that revealed the underlying world of theoretical assumptions embedded, 
and to appreciate it fully, I drew it out in a Microsoft Excel sheet. Marvelously 
easy to communicate in discussions with the other members of the work 
package group, and to play around with and manipulate. The Microsoft Excel 
sheet became the first initial design proposal, where it simultaneously 
functioned as both the interface, i.e. how to interact with it, and the system as 
such, with all the embedded algorithms and formulas. This first example, 
essentially a rather naive layout solution on a spreadsheet, in which to play 
around with different values, was mainly used in discussion with the work 
package leader and the assistant researcher #2 to further my understanding. I 
have lost count on how many times we talked about the model, since sharing 
room with the assistant researcher #2 and neighboring the work package 
leader made spontaneous meeting a way of working. 

During these discussions and meetings, seeing and understanding how the 
model would or could be used in industrial practice, it became reduced from 
the larger original one, showing only the operational level seen in Figure 7-18. 
However, to come fully alive, it still needed to be supported by proper data, 
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and not singular values entered manually as in the case of the initial Microsoft 
Excel-based solution. When I caught news of what kind of data it would need, 
gleaned from those brought in from Volvo, and in what format and specifically 
what amounts (whole time series of reported production event data) it became 
undeniable apparent that the system most definitively needed the support of a 
database. Thankfully I had been previously designing a small database in 
Microsoft Access to support the emerging system as whole for testing the 
individual parts (tools), and it was now made to serve the data needs of the 
MMME model. The same model drawn out in Microsoft Excel, together 
with my growing understanding of it through the initial modeling, then came 
to give purchase for the design of the MMME tool in as an integral part of 
the MDSS. 

As the MMME tool became fleshed, I was able to draw upon the data 
received from our industrial partners entered in to the local database. We 
caught glimpses of how it would come to function. More details were added as 
well as drill-down functionalities in form of diagrams that could show 
distributions over long periods. The flexibility and versatility of the MMME 
tool increased, I think, every time more data, longer time series, were added, 
and as more could be discovered, we were better able to see how the tool 
would support the envisioned cost-effective maintenance practice. That 
understanding was even more furthered as the MMME tool came to be used 
in the context and relation to the MainSave tool, which had been developed 
previously. That both tools were meant to complement each other, lending 
strength to each other’s analyses, was part of the vision of the work package 
leader. Although they did not communicate directly with each other, the 
interplay between them, the seeing how one tool complemented the other, was 
indeed mind-expanding to me, as I had previously understood them as quite 
distinct and independent tools, used for different purposes, and now they 
constituted a package, a toolset. The final version of the MMME tool is 
presented in appendix A. 

The Integration test story 

The story of the integration test was born from the events taking place 
throughout December 2008, triggered at the Eibar meeting as told in chapter 
6.3.15 The second set back. Perhaps, one could even have traced these events 
as far back to what occurred in August 2008 or even further, see chapter 
6.3.12 The first set back. In any case, the sum of those events, made 
poignantly clear what was required from our work package group. We 
absolutely needed to demonstrate that we were an integrated part of the total 
software solution of the Dynamite project, to satisfy the requirements of the 
management group of the Dynamite project. Up to this point, we had more or 
less been comfortable within our vision of providing a stand-alone system, 
drawing upon the data it needed from the MIMOSA/CRIS database of the 
Dynamite project. That data could, of course, have been provided by other 
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software components of the Dynamite project as a whole, and stored in the 
database, or supplied by other means. It did not really matter to us, as long as 
the data was there. We fought that this level of integration would be 
sufficient. However, as it turned out it was not. 

In good time before the global demonstration to be held in March 2009 in 
Turin at CRF/Fiat, the project management, and specifically the software 
management group, needed to have it clearly demonstrated and documented 
that all part of the Dynamite project were indeed part of that integrated 
software solution. This brought up the issue of how we could best provide this 
“proof”. 

As it was important that this could be demonstrated in an industrial setting 
or near industrial at least, the work package leader and I needed to travel down 
as hastily as possible in mid-January 2009 to CRF/Fiat in Turin to meet our 
industrial partner contact, and install and test our system on site. 

The purpose for our visit was twofold, we needed to examine and find out 
about the technical and organizational requirements on site for a successful 
demonstration later, and to test and document our integration. Therefore, a 
two-day trip was planned, where on the first day investigations of 
requirements for installing the system and its actual installation were going to 
be made, and on the second day, we would perform the integration test and 
document it. 

The first half-day meeting with the industrial partner contact was not 
dramatic, save to say that we found out that organizational policy made it 
impossible for us to access the MIMOSA/CRIS database at the SQL-server 
at IBK in Tallinn. All internet communication was heavily regulated and 
controlled, and no exceptions were to be made for us. This would indeed 
affect the other partners of the Dynamite project as well, and we reported that. 
However, that was not our main concern. That was the concern of the 
Dynamite project management. Nonetheless, it was important to find out, as 
it had grave implications for how we could realize our plan for the integration 
test. How could we access the database server within such tight restrictions? 

After much debating, we decided to try it out, as the following scenario 
shown in Figure 7-19, at my hotel room the following morning, where we had 
ensured access to an open internet connection. There we were to mimic the 
industrial scenario where an operator using a handheld PDA gathered and 
entered data from, in our case, a hypothetical machine, and have it sent to the 
database server. Then an “expert” would retrieve those same data using our 
system and make use of them in one of the tools, specifically the PreVib tool 
of the MDSS, see appendix A for an overview. In short, we wanted to 
demonstrate and have it documented that we were integrated with other 
software components of the Dynamite project, using a software component of 
another partner within the Dynamite project on a handheld PDA and 
connected to the database server. 
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Figure 7-19: Integration test scenario 

In this scenario, the industrial partner contact acted as both expert and 
operator. His background and role at CRF/Fiat ensured the credibility of the 
scenario as he was well familiar with the operations at the site and represented 
one of those engineers for whom the use of MDSS could became a reality. 
Thus, he came to play the operator walking at the production site, gathering 
vibration measurements from sensors at a machine, and had those sent 
(uploaded) to the database. Then, he played the expert wanting to retrieve the 
same data by means of the MDSS and use the PreVib tool. 

As the scenario enfolded, I could do nothing but stand amazed besides him 
and watch how the different software components interacted, in some form of 
electronic virtual dance. Of course, in theory I knew this would work. I had 
played it out in my mind often enough, and had made sure that our system 
would work with the MIMOSA/CRIS database without much fuss. However, 
in practice, introducing more components in a near real setting, I had never 
seen it, and neither had the work package leader as well. Suddenly my small 
claustrophobic hotel room seemed larger than life. This was the first glimpse I 
ever had, and the work package leader and the industrial partner contact as 
well, of how our final system would come to work. What a relief to see it 
function in concert with other parts of the total Dynamite solution, in an 
“industrial setting”. Just to see it work helped us tremendously to gain belief in 
its operability. The industrial partner contact found no problem in working 
with the software, he had of course been included in the sub-group of the 
Dynamite-project responsible for designing demonstration scenarios for the 
final demonstration, that were going to accompany the final documentation, 
see Mascolo et al. (2010). Therefore, he was rather aware how and why our 
system worked as well as other components of the Dynamite project. Now he 
also had had the opportunity to experience it and put it into context. 

The testing led to a shift of the vision and understanding I had in my mind 
of the role and function of our system. From the start of the project, it was 
thought of as a stand-alone tool supporting maintenance decisions, drawing 
upon various company data sources. Now it had evolved into a system 
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including a larger practice with several other components used in concert. I 
had previously been rather tightly moored in my understandings, driven by a 
need to grasp the immediate concerns of our system, and I could not let a 
larger view emerge until we were forced to by necessity. 

All through the scenario, we made sure to document and capture pictures 
of all interactions in a report. We also reported suggestions for improvements 
in software operating on the PDA to make the interaction with it and 
experience of it more convenient for potential users in relation to the use of 
MDSS. When testing the integration of different components it is a testing 
simultaneously going both ways. The PDA software needed this test of 
mutual dependent coexistence as well. The industrial partner contact 
supervised the report and signed it off. This was the proof we needed to show 
the Dynamite project management that we were indeed integrated. The relief, 
in our work package group found no limits when finally our report was 
approved. Judgment had been rendered, and we were found to be on the safe 
side. 

Now let us look more closely at the model shown in Figure 7-17, and 
examine the evidence or indications from the stories in this episode that 
support or strengthen our belief in its accuracy or credibility as a descriptive 
tool. In the episode, which predominantly takes place in the zone between the 
private experienced world of the users(s), and the shared envisioned world, 
designing is driven by two processes of engagements: envisioning and 
reflection, as already seen in chapter 4. The stories of the episode represents 
design work that results from input from both knowledge domains 2 and 6, 
i.e. the design solution is guided and informed by our abstract understanding 
of the work practice (current or envisioned). Concrete experience with the 
proposed design solution are seen as a means for questioning, exploring, or 
reflecting upon the work practice, i.e. informing our abstract understanding of 
the same. I have given an overview of these in Table 7-3. 

Table 7-3: Practice driven design episode 

Knowledge 
transition 

Design engagements Indications from the episode

Practice driven 
design 
engagements 

Envisioning – design 
solution guided by our 
abstract understanding 
of work practice. 
Knowledge transition 
path (domains 
predominantly 
involved, see Figure 7-
17): 2 to 6 through 5. 

The original vision of the work package leader 
of a cost-effective maintenance practice in 
industry, congealed from theoretical 
investigations and practical experience into the 
model of MMME, together with my growing 
understanding of it through initial modeling in 
Microsoft Excel, gives purchase to a proposed 
design solution of a computer-based tool. 
The emerging understanding of how the 
MMME tool may be used and applied in 
industrial practice, together with experience 
with the test data from Volvo and CRF/Fiat, 
serves in redesigning the proposed solution 
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where the current model is implemented. 
Our emerging understanding in the work 
package group of not only the need to be, but 
also how MDSS should be integrated with 
other components of the Dynamite project in 
an industrial setting, together with same of the 
industrial partner contact at CRF/Fiat, serves as 
the basis for planning and implementing the 
integration test scenario.

Reflection – proposed 
design as a means of 
questioning or 
exploring the work 
practice. 
Knowledge transition 
path (domains 
predominantly 
involved, see Figure 7-
17): 6 to 2 through 1. 

Concrete experience with the proposed 
MMME tool, i.e. how the model works 
together with test data from Volvo and 
CRF/Fiat, serves to explore how the model 
could be used in industrial practice, leading to 
possible test and demonstration scenarios. 
The experience from the integration test, serves 
to explore and further our understanding of 
how the demonstration scenario at the global 
demonstration at CRF/Fiat will work. The 
same experience leads to suggestion for further 
development on other components within the 
Dynamite project, such as the interface of the 
PDA, to enhance the total usability of an 
integrated solution. Thus, the understanding of 
the role of our system within industrial practice 
broadens to encompass a larger integrated 
solution.

7.3.2 Episode 2 – DBUI 
The second episode is that of the development of DBUI application, the 
database management tool integrated with the MDSS, starting from chapter 
6.3.10 The database user interface. This episode describes a predominantly 
technology driven design engagement or knowledge transition. It is 
summarized in Figure 7-20 below. 

The episode relates the events that led to the birth of the user interface of 
the first local database used for the system and how it came to evolve into an 
integrated part of the final system solution. 
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Figure 7-20: Transition #2 – technology driven 

An initial database had been developed by me more or less to be able to 
test the different modules (or tools) in the system without having to reenter 
data all the time. That some form of database was going to be coupled with 
our system in the end was clear, the system and its tools needed to be able to 
draw upon real data from somewhere, out there in the unknown domain of 
industrial application. However, at this time in the project it was still left 
unsolved. In the meantime some form of comprise version for testing was 
indeed needed, but also to trigger the planning of how our system was going 
to interface with future real data sources. We envisioned possible solutions 
such as those depicted towards the end of chapter 6.3.9 The birth of MDSS. 
Hence, a small database in Microsoft Access had been developed, aptly 
nicknamed the “Mirror database” as it was thought to be mirroring those sets 
of data that could be drawn from “real” data sources. That development work 
had been rather straightforward and not especially dramatic. It was inspired 
from three directions. First, by my brief acquaintances with the 
MIMOSA/CRIS standard, decided at the software meeting in Amsterdam 
May 2007, see chapter 6.3.7 The software group meeting. Second, by my 
previous information modeling attempts in early 2006, briefly mentioned in 
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chapter 6.3.2 Project startup, see also Figure 7-21 showing a diagram in 
Microsoft Visio of information components of the model and their relations. 
Third, by what I had come to understand as essential data needs for the 
different tools thus far experienced. 

 
Figure 7-21: Early information modeling attempts 

In the fall of 2007 and beginning of 2008, the work package leader and the 
assistant researcher #2 had prepared and planned to gather data from our 
industrial partners at Volvo and CRF/Fiat that could be used to test both the 
MMME model and the MainSave tool. Sheets with instructions for data 
gathering had been sent out, and in January 2008, some of these returned had 
returned from Volvo. I was excited, finally some fresh data to test whether my 
implementation of the MMME model and the MainSave tool would work as 
hoped. The assistant researcher #2 embarked upon the onerous task of 
screening the data and entering it into the raw tables of the Mirror database. I 
had provided him the database and shown him what the different tables were 
and how they were connected. Now, the assistant researcher #2 had previous 
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experience in working with Microsoft Access databases, and he was well 
acquainted with the types of tables used for storing data. 

It did not take long for me to realize that entering huge amount of data 
into the raw tables, manually keeping track of all the different secondary keys, 
linking the tables together was just too taxing a workload. This uncomfortable 
truth was revealed in initial meet-ups with assistant researcher #2, where I out 
of curiosity asked how it was going (I was curious whether my definitions were 
adequate for his needs). Thus, we began to talk about how to improve both 
the speed in entering data and the support in keeping track of relations 
between data sets, i.e. secondary keys. The information model of the database 
he had to work with is depicted in Figure 7-22. The figure shows an overview 
in Microsoft Access of the database tables and their relations. As the assistant 
researcher #2 and I shared the same room, these meet-ups came quite natural 
and as often as needed. It was obviously difficult to ignore how he struggled 
while sitting almost next to him. 

 
Figure 7-22: The initial database layout without any interface 

Thus, an idea was born about those mechanisms embedded in Microsoft 
Access for defining forms, providing a structured manner and more appealing 
layout for entering data. Aesthetics a side, the biggest concern were those 
secondary keys, ensuring integrity when manually entering data, row by row, 
into the raw tables. Soon one’s mind would start to drift in directions not 
conducive to keeping track. It proved to be too great a cognitive strain. I had 
not considered this before. To me the database had just been the means to test 
the modules I designed. In my mind, we were going to connect our system to 
other external data sources, which in themselves would have their interfaces. 
Therefore, the question or the issue of this need had not risen before. 
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As I had previous experience in working with user interface components in 
Microsoft Access from other development work, an initial suggestion for a 
layout came easily to my mind. However, the only problem with starting to 
design these was that I in parallel had to keep working on those tools of our 
system that still needed to be refined, to ready the system for the approaching 
deadline after the summer. I could not do these things in parallel. After 
conferring with the work package leader the work package leader, it was 
decided that external help should be sought. One of my older students, whose 
experience in Microsoft Access was well known to me through earlier courses, 
came to my mind. He was contacted and enlisted as the system developer #2 
in the beginning of April, and came to stay with us throughout the fall the 
same year. 

The system developer #2 and I had a couple of initial rounds by ourselves 
in front of a whiteboard where the underlying information model of the 
Mirror database, supporting the needs of the system, was drawn out and 
discussed. Time was of an essence here, this was the last year of the project 
and deadlines were approaching. Thus, we did not have the luxury of slow 
growing acclimatization, but the system developer #2 had to be introduced 
rather hastily. However, I was confident he was going to manage this quite 
well. It felt extremely good not to be the only system developer at this time. 
Being able to speak and model in ways together that were more or less private 
to our sphere of concerns. Explore and reflect upon the model unhindered by 
or constrained by the need to translate or relate everything to understandable 
phenomena in the outside world, i.e. the non-developers world. Remember 
that until this point, I had led a rather lonely life as a system developer within 
our work package group. The purpose of these initial gatherings was to 
introduce the system developer #2 to the underlying data model, as well as 
explain its purpose and connections to the different tools of the system, but 
also to start drawing initial possible layout solutions in Microsoft Access so 
that he could take the design work by himself from there. The system 
developer #2 came to provide fresh and valuable input to the designing of the 
user interface forms in Microsoft Access, enriching our understanding of 
available possibilities, as well as relieving me tremendously of this workload. 

During all this work, the idea came to us, in the work package group, that 
the interface might possibly be used by external partners as well for entering 
data. The work package leader wanted to gather more data from our external 
partners, and the means for doing that in previous attempts had been to have 
them send us long list of what we asked for. Could they perhaps enter that 
data by themselves directly into our database, using the same interface that 
was emerging for our internal use in the work package group? If so, that would 
indeed speed up the actual data gathering. 

Until now, only forms for manipulating and entering data on multiple 
connected tables had been provided or were being designed. What if some 
form of menu structure could be designed, grouping different tables together 
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related to specific tools of the system. Then, if someone just wanted to enter 
data for one specific tool of the system, an additional layer of forms on top 
could be used for grouping related tables for that specific task. Thereby, some 
form of hierarchical structure could be supplied, with one main menu form 
directing the user to the specific tools of the system, and opening for each, 
another form that had grouped together all the relevant tables. 

Explanatory text was provided to the user interface elements and the menu 
choices were structured in the manner that mimicked how one should operate 
the MDSS system, i.e. which tools to begin with and so forth. Now some 
form of a pedagogical dimension to the Mirror database had been introduced. 
Integrity checks on the entered data were also introduced to safeguard against 
mistakes, but most importantly to provide feedback to the user. 

It is not clear exactly where or how the idea (or vision) emerged of a 
structured menu-based user interface, seeing the Mirror database as an 
independent application that could be used on its own. It probably arose 
somewhere in the middle and between us all, seeing and experiencing the 
emerging interface and building a joint understanding of what new 
possibilities were available. What is clear though is that it became decided that 
the Mirror database was going to be used by our industrial partners later on in 
gathering data during the fall of 2008, by themselves at their respective 
locations. 

However, the Mirror database in itself was not enough if we were going to 
let the users work with the application by themselves. The user interface could 
just provide only the most rudimentary information. A manual therefore, was 
needed, something to keep close to oneself for quick reference as one worked 
with the database. The task for writing the manual also fell upon the system 
developer #2, as it came as a natural addition in parallel to him designing the 
interface. Another thing that was needed was some form of document 
defining all the data elements of the system to be used, explaining to the user 
what kind of data was needed for the different tools, what possible values and 
format they could take, and so forth. As the database application was going to 
be used by different industrial partners, each in their own respective 
environment, the data element might be referred to under different names and 
formats, and even be found at different sources. The work package leader and 
the assistant researcher #2 set themselves upon the task of drawing out this 
document. All of this work was planned to be finalized in good spirit during 
the summer, well in hand for the next Dynamite project meeting. Thus, the 
last stretch before deadline seemed to lay clear in our sight. 

In late august, as we were preparing for the Dynamite project meeting in 
October in Athens, the fateful “first set back” occurred, as related to in chapter 
6.3.12 The first set back. That incident led to the forever burial of the “Mirror 
database” as we knew it. I had to remodel some of our tables in order to 
accommodate for the demands of the MIMOSA/CRIS standard. I also had to 
rework the Microsoft Access database into something that came to function as 
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a middle-ware solution acting as a go-between with our system and the 
“official” SQL database server used by the Dynamite project, and it was named 
from then on the DBUI (database user interface) application. Ominous as it 
may sound, all that work did not affect the interface as such, it remained 
rather intact, true to its original ideals. The only thing that was “shattered” 
was perhaps the vision of the work package leader, shared even by most of us, 
of an autonomous system with a local database that could be easily deployed 
and demonstrated at various industrial sites. Well, it still could although by 
now it was married to an SQL-server. When redeveloping the DBUI 
application, our own version of the MIMOSA/CRIS database had been 
installed at a local SQL-server. However, changing to another, such as the 
official one, run by the Dynamite project, was just a matter of changing the 
IP-address embedded in the DBUI (incidentally the only setup option I had 
provided foreseeing the need). 

After the workshop in Athens, where our industrial partners had been 
given the opportunity to train and explore the DBUI application, we felt 
secure in our belief that it now could be used as a data-gathering tool. The 
ambition was that CRF/Fiat and Volvo (although Volvo had not taken part in 
the training workshop in Athens) would use it to gather data mainly for the 
tools MainSave and MMME. Our industrial partner at Goratu in Spain 
would gather data mainly for the tools PreVib, ResLife and ProFail. An 
overview of the tools is presented in appendix A. A couple fine-tuned versions 
were distributed to them during the fall as modifications were made, but the 
core remained. For various reasons, only our industrial partner at Goratu came 
to supply us with data in time. However, his experience with the DBUI 
application was a success and that was important. He had no problems 
installing it and running it. Remember, deployment was done by emailing 
them the DBUI application and the documentation (manual and data 
definition sheet). More things came to happen in later stages of the Dynamite 
project that affected our system, but thankfully, those only marginally affected 
the DBUI application. 

That which once had started out as means for storing test data on my part, 
had now evolved into something that was an integral part of the final system 
solution. All driven forward by exploring what was possible with technology. 
Thus, it had become not only a middleware interface, linking our system to 
the external database, but also a database management tool for manipulating 
data that was stored on the same. A glimpse of the final version of the DBUI 
may be caught in appendix A. 

Now let us look more closely at the model shown in Figure 7-20, and 
examine the evidence or indications from the episode supports or strengthen 
our belief in its accuracy or credibility as a descriptive tool. In the episode, 
which predominantly takes place in the zone between the private interpreted 
world of the designer(s), and the private experienced world of the user(s), 
designing is driven by two processes of engagements: materialization and 
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experiencing, as already seen in chapter 4. The episode represents design work 
that results from input from both knowledge domains 6 and 4, i.e. concrete 
experience of technological solutions (including the design solution), and 
abstract knowledge or understanding of technological possibilities, which in 
turn are informed or questioned as practical experience is gained of the 
evolving system, and inform possible design solutions. I have given an 
overview of these in Table 7-4. 

Table 7-4: Technology driven design episode 

Knowledge 
transition 

Design engagements Indications from the episode

Technology 
driven design 
engagements 

Materialization –
design solution 
predominantly guided 
by understanding of 
technological options. 
Knowledge transition 
path (domains 
predominantly 
involved, see Figure 7-
20): 4 to 6 through 5. 

Initial database and underlying information 
model are designed based upon an 
understanding of the data needs of the tools of 
the system, inspiration and insights from 
MIMOSA/CRIS standard as well as previous 
information modeling attempts, to provide for 
data permanence when testing individual tools 
of the prototype system. 
Initial user interface of the Mirror database, i.e. 
the forms for handling tables, designed in 
response to experience of the assistant 
researcher #2 in manipulating and entering test 
data provided by industrial partners, coupled 
with previous experience of design of and 
development work with user interface 
components in Microsoft Access. 
The emerging understanding that the Mirror 
database may be used as an actual independent 
data-gathering tool at industrial locations by 
practitioners, coupled with the possibilities of 
designing a rich user interface in Microsoft 
Access, give purchase to further design work. 
This work includes the design of a structured 
user interface with hierarchical menus and 
pedagogically structured layout to guide users, 
as well as accompanying manual and data 
definition document.

Experiencing –
Concrete experience of 
design questions or 
informs our 
understanding possible 
technological options 
of design solutions. 
Knowledge transition 
path (domains 
predominantly 
involved, see Figure 7-
20): 6 to 4 through 3. 

Experience with the initial database, mainly 
used for storing test data, gives rise to 
possibilities of having a local database 
accompanying the system, when deploying or 
demonstrating it. 
Experience with the initial user interface of the 
Mirror database gives rise to new possibilities 
with the technology, such as using it as an 
instrument for data gathering by industrial 
partners at their respective locations in 
providing data for testing the system and its 
underlying theories. 
Experience during the development and test of 



 

185 

the DBUI application as a middle-ware 
database management tool, which users of the 
MDSS may use as an integrated tool in the 
final system solution to enter and manipulate 
data, widens the horizon for drawing upon 
other company database server solutions, as 
long as the MIMOSA/CRIS standard is 
respected.

7.3.3 Episode 3 – MainSave 
The last episode, that I wish to draw the attention to, is that of the 
development of the tool or application MainSave from chapter 6.3.4 First 
development effort. This episode describes a predominantly conceptualization 
driven design engagements or knowledge transition. It is summarized in 
Figure 7-23. 
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The shared envisioned world
(conceptual practice)

The private interpreted world
(artificer practice)

The private experienced world
(enacted practice)

The situated designing world
(design practice)

 
1) Concrete experience with users’ present work; 2) Relevant structures on users’ present work; 3) 

Concrete experience with technological options; 4) Overview of technological options; 5) Visions 

and design proposals; and, 6) Concrete experience with the new system 

Figure 7-23: Transition #3 – conceptualization driven 

The episode takes place in the timeline of the project where it was still 
unclear, at least to me, where we would end. This was the fall of 2006 and I 
still had little idea about what maintenance in production industry was all 
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about, what the concerns were, and what the other members of the work 
package group were doing and where their efforts would lead them, and 
eventually me. I was very much questioning my role in the work package 
group. That I was going to help in the development and design of a computer-
based support tool was clear from the beginning, but what it would look like 
and how it was going to be used was yet uncomfortably unknown to me. It 
was not until the project meeting held in Alexandropoulos in September 2006 
that some form of vision emerged. A previous project meeting held in Skövde 
and Gothenburg in June 2006 had not contributed much to my 
understanding. Although that was the first Dynamite project meeting I had 
attended, it was not mentioned in the project timeline account since it did not 
represent, to me and perhaps even for the other members of the work package 
group for that matter, any ground breaking revelations furthering our efforts. 
The preparations for the September meeting forced me to start 
conceptualizing what the system would look like, to put into a larger picture. 
At the same time, there arose a need to congeal my tenacious understanding of 
the Dynamite project into something tangible, that I could look at, and 
examine outside of my head. 

I worked in close proximity with the other members of the work package 
group, sharing room with one and neighboring the others. Accessibility to 
their focus and attention whenever I faced an issue or question, or just plainly 
wanted to show off, was never a problem. I had also access to those 
researchers, not members of the work package group but members of the same 
department, who had been involved in the previous development attempts. 

I had been given access to, already as early as the spring of 2006, of reports 
and documents (Ingwald, Kans, & Al-Najjar, 2004; Ingwald & Al-Najjar, 
2006) about previous efforts attempted by members of the work package 
group and other researchers, although at that time those lay outside the scope 
of the Dynamite project. These came to form an important input to the 
growth of my understanding of how the support tool would perform, and 
eventually why. These helped me to gain an insight into a sliver of the world 
of maintenance concerns. 

I had also been privy to a previous attempt in developing some form of 
computer-based tool called EcoCon by a research member at the department, 
not in the Dynamite project, implemented in Microsoft Excel. He was the one 
responsible for implementing the EcoCon, and his experience and knowledge 
on background algorithms were often queried. The interface of the EcoCon 
system is depicted in Figure 7-24, and may be compared to the solution 
accounted for in appendix A. This initial system helped provide a referential 
point as to what could be appropriate ways of representing and presenting 
information within the system. It came to serve as point for embarkation from 
where trajectories of possibilities where chartered. 
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Figure 7-24: First view of EcoCon (adapted from Ingwald & Al-Najjar, 2006, p. 8) 

The reading up on those two reports, and seeing and exploring models of 
the previous system solution gave me enough purchase to form an initial 
design proposal, an initial understanding and interpretation of what this 
artifact would become and what role it would play. As system developers, we 
are taught to use advanced modeling tools, with which we may draw almost 
any kind of diagram, model or represent almost any type of phenomena, or so 
we are led to believe. How useless they are in communication with those not 
trained in such techniques. My first design proposals had to be drawn as 
Microsoft PowerPoint slides, as that was the tool for representing that all 
members in the work package group held in common, and it stayed that way 
during the length of the project. These slides eased communication 
considerably, and were readily for use and presentation by the other members. 

In the design of the application, I used Microsoft Excel, which lent itself to 
the type of layout that would best represent the interface of the system. In this 
I followed and was inspired by the example of the previous tool developed, the 
EcoCon, as it too was a solution brought about using Microsoft Excel. I must 
admit that the Microsoft Excel sheet became, at that time, the system, as all 
the background algorithms for processing input and presenting results were 
embedded into it. That was the first glimpse of the system, or any system, at 
least for my part. 

The experience with this first proposed solution, the MainSave Microsoft 
Excel implementation, gave valuable input to the understanding of the 
theoretical models underpinning the system. We had many rounds, micro-
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meetings on the spur of the moment, triggered because I would have 
implemented something just to discover that my understanding of the internal 
algorithms were not enough, or their relations, or why they were used at all. 
What they (the departmental research member and the work package leader) 
would take for granted was obvious news to me. All these meetings helped 
cover gaps in my understanding. At the same time as I become more and more 
“acclimatized”, I could pose better and more fine-tuned questions, more down 
to the point, and even question some of those issues and “truths” they took for 
granted. Thus, the initial theoretical model of the EcoCon expanded, showing 
further relations and more details. All these rounds helped, of course, to 
strengthen the beliefs in that the model of estimating maintenance savings was 
not only adequate but also sufficiently accurate and reliable. 

The experience in working with the design for MainSave also gave valuable 
input to the understanding of what could be done with the technology, 
showing possibilities, functionality. Of course, I realized that a Microsoft 
Excel-based solution would not be the final solution, far from it. Microsoft 
Excel was mainly used as a modeling tool, lending itself to an easy and 
dynamic exploration of both the underlying theoretical model (what may be 
regarded as the abstract knowledge) and for understanding the practice. 
Within the Dynamite project, it had been decided that all software developed 
should be packaged as small applications, or modules, eventually following a 
joint protocol for integration. A solution in Microsoft Excel would not meet 
the IS/IT architectural requirements of the Dynamite project. Thus, the 
Microsoft Excel sheet was abandoned early in favor of an application 
developed in Microsoft Visual Studio, also a requirement, or suggestion, by 
the Dynamite project. This resulted in a more “rigid” solution, not as open as 
the Microsoft Excel sheet and the possibilities of fine-tuning or playing 
around (exploring). However, at the time when this step was taken, the 
understanding of how the tool was going to be used and how the theoretical 
model underlying it worked was well matured. My understanding, and that of 
the “users”, and the proposed design solution, had finally converged into 
something that seemed to remain stable from whatever angle you looked at it. 
I had taken further steps on the journey from being a legitimate peripheral 
participant, a “layman” observer at the fringes of the realm of maintenance 
concern, to becoming someone who could make informed queries into the 
same. 

During the work on the MainSave application, I came to respect fully that 
to design is to represent third-order interpretations. First-order is the users’ 
understanding of the practice, or as in this episode that of the other 
researchers’. Second-order is the designers’ understanding of the users’ 
understanding, or as in this episode, how I came to interpret their models and 
representations. Third order is the designers’ understanding manifested in 
design solution. Iterative design is, thus not only a convenient operational 
mode, but also a necessity in order to bridge the orders of understanding. The 
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design work on the MainSave was a constant dance between my musings in 
my private space, the private interpreted world, and the questioning and 
exploring in the shared envisioned world. 

The MainSave application at the end of the year 2006, had more or less 
reached a stage, where it had come to converge into something that combined 
our understanding of how the tool could or should be used. Development and 
further design was laid to rest for the moment. The MainSave application, as 
stated in the account of the Dynamite project timeline, was later used for 
demonstration purposes at workshops, conferences, and meetings, both within 
the scope of the Dynamite project and outside. It helped to promote the 
pedagogical missions of how to use the application in itself, and to 
demonstrate the appropriateness of its embedded model for representing and 
calculating maintenance savings (which was the aim of the tool). 

Now let us look more closely at the model shown in Figure 7-23, and 
examine the evidence or indications from the episode supports or strengthen 
our belief in its accuracy or credibility as a descriptive tool. In the episode, 
which predominantly takes place in the zone between the private interpreted 
world of the designer(s), and the shared envisioned world, designing is driven 
by two processes of engagements: interpretation and reinterpretation, as 
already seen in chapter 4. The episode represents design work that results from 
input from both knowledge domains 2 and 4, i.e. abstract knowledge of the 
work practice and abstract knowledge of technological option, which in turn 
are informed or questioned as practical experience is gained of the system, as 
the design of the system talks back. I have given an overview of these in Table 
7-5. 

Table 7-5: Conceptualization driven design episode 

Knowledge 
transition 

Design engagements Indications from the episode

Conceptualization 
driven design 
engagements 

Interpretation –
design guided by 
abstract 
understanding of 
the work practice 
and possible 
technological 
options. 
Knowledge 
transition path 
(domains 
predominantly 
involved, see Figure 
7-23): 2 and 4 to 5, 
and 5 to 6.

Previously theoretical work and abstract models by 
members of the work package group and other 
researchers provided necessary input and 
background to the emerging proposal for design. 
Representations of previous system design 
attempts, EcoCon, gave valuable input to the 
design process as examples of what could be done 
with the technology, i.e. providing referential 
points. 

Reinterpretation –
design solution 
questioning or 

Design proposal helped uncover hidden 
assumptions about the theoretical underpinnings 
of the system, that brought to the surface were 
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informing our 
abstract 
understanding of 
the work practice 
and possible 
technological 
options. 
Knowledge 
transition path 
(domains 
predominantly 
involved, see Figure 
7-23): 6 to 2 and 4, 
and 2 and 4 to 5.

questioned by not only the designer but also by the 
other members of the work package group. It 
helped reveal gaps in our understanding as the 
design evolved. 
Design solution helped inform the understanding 
of technological options by introducing or 
exploring more varied or alternative approaches to 
possible technological solutions, to be used as 
future referential points. 
Design solution was used to demonstrate, at 
workshops, seminars, and conferences, the 
theoretical understanding of the work practice and 
the use and potential of the system, thus serving a 
pedagogical mission.

7.3.4 Reflections on the episodes 
It should be obvious from these three glimpses of the world of designing that 
the knowledge transitions described are not isolated, encapsulated, and 
independent of each other. A conceptual driven design engagement could be, 
of course, influenced on one hand by a predominantly more practice driven 
and on the other hand by a predominantly more technological driven. In the 
case of the episode of MainSave, previous practical experience with 
technological solutions had of course influenced the abstract knowledge of 
technological options. A previous system had been attempted, not by me, but 
through previous development efforts, albeit in a different context. Those 
efforts came to serve as natural points of reference once I began designing the 
MainSave. In the same manner, previous practical experience in the work 
practice had led to the formation of the conceptual model that was the 
foundation of the MainSave. Therefore, if we trace a history of design 
engagements and knowledge transitions we may well arrive at a meandering 
picture where during one time or another, or in parallel, different transitional 
processes emerge as more predominant, more noticeable. However, from the 
point of view of my engagement in this project, the development of the 
MainSave was predominantly a conceptual driven effort. If I would start to 
reflect upon on the other episodes, in similar manner, I would arrive at the 
same conclusion as well. 

I do not claim that the three different categories of design engagements or 
knowledge transition processes ought to take place in a specific order, that 
from one we go to another and so forth. There is no recipe to follow, no 
method. They are not steps to be followed in a prescriptive manner. Instead, 
they are to be seen and used as cognitive filters to distinguish between 
different engagements, to focus and guide our attention upon different issues 
at a specific time point and situation. All we need to do is to remember that 
each is part of a history, and possible trajectories into the future, of 
engagements intricately woven to form a whole design practice. 
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7.4 Lessons from designing 
Now at the near end of my examination, I find myself ready to bring all of the 
perspectives previously presented and discussed together a “complete” picture. 
In Figure 7-25 below, I have brought back the elements that we recognize 
from the “old” model of chapter 4.2, placed them now in their respective 
“zone” along with the transitional paths, to show the design engagements 
involved in the situated design practice. The clouds represent the idea of what 
the artifact would or could be, i.e. the vision in our minds. The square 
represents the actual artifact. The figure to the far left represents the user(s) 
and the figure to the far right represents the developer(s)/designer(s). 

It should come as no surprise, here, that the user and his or her vision of 
the future system are placed in the overlapping zone between the private 
experienced world and the shared envisioned world, where the predominant 
transitional process are those of reflection and envisioning. The user brings his 
or her concrete experience (reflections) of the work practice and of the 
proposed system (if it has been introduced) into the shared envisioned world 
to further the creation of a shared vision of the future system, and returns with 
expectations of the same. The developer (or designer) and his or her 
understanding (or vision) of the future system are similarly placed within the 
overlap between the private interpreted world and the shared envisioned 
world. Here, the predominant transitional processes are those of interpreting 
the shared vision, to internalize it as to be able to materialize the system, and 
reinterpreting this vision as insights are gained or gaps revealed. Finally, the 
materialized system, the evolving prototype, is placed at the intersection 
between the private interpreted world and the private experienced world 
practice, where it comes to function as the very fulcrum for the embodiment of 
the vision and experiencing it in the work situation. Relational dependencies 
between the elements are detailed in the picture to remind us that the zones 
are not isolated islands but all part of an ongoing flow of knowing in design, 
i.e. that there is a continuous transitional process of design knowledge. 
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The shared envisioned world
(conceptual practice)

The private interpreted world
(artificer practice)

The private experienced world
(enacted practice)Converged

Wanted

The situated designing world
(design practice)

 
Figure 7-25: Design engagements 

Other arrangements might be possible, whether they are fruitful or 
meaningful remains to be seen. However, as I have come to understand it, 
referring to the overlapping zones from Figure 7-12 and Figure 7-25, the 
overlap between the shared envisioned world and the private experienced 
world is predominantly occupied with the concerns of the user. Then, the 
overlap between the shared envisioned world and the private interpreted world 
is predominantly occupied with the concerns of the designer. Finally, the 
overlap between the private worlds of interpretation and experience is 
occupied with the concerns of our materialized understanding, i.e. the system. 

Now, to clarify the transitional process, I replace the iconic elements with 
the knowledge domains of Kensing and Munk-Madsen (1993) to yield the 
following view, see Figure 7-26. Thus, it has become easier to see what the 
dependency paths between different knowledge domains are and where they 
predominantly belong. 
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The shared envisioned world
(conceptual practice)

The private interpreted world
(artificer practice)

The private experienced world
(enacted practice)

The situated designing world
(design practice)

 
1) Concrete experience with users’ present work; 2) Relevant structures on users’ present work; 3) 

Concrete experience with technological options; 4) Overview of technological options; 5) Visions 

and design proposals; and, 6) Concrete experience with the new system 

Figure 7-26: Knowledge transitions 

Here, a reader may be as bold as to suggest that we bring them all (Figure 
7-25 and Figure 7-26) together in one unifying perspective. Well, let us do 
this for a moment. In Figure 7-27 below, I have overlapped them to show the 
complete situated design practice, in all it splendor. The image is true to what 
we have so far uncovered. However, it has become immensely more difficult to 
explain or penetrate, i.e., in short, it has become rather messy and lost clarity. 

Bear in mind, my mission here is not to create something akin to a single 
all-encompassing theoretical foundation such as the one attempted by the 
fictitious mathematician Hari Seldon (Asimov, 1996), who spent all his life 
developing a branch of mathematics known as psychohistory to predict future 
behavior of people (specifically an enormous mass of people). All attempts at 
constructing single unifying theories, or as in my case unifying perspectives, 
either comes to be too general and too removed from the intricate variations of 
unique contexts, or to complicated, thus losing any pedagogical potency. 
Therefore, that which we should bring with us from this chapter forward and 
in to the future is the two variations of the model depicted in Figure 7-25 and 
Figure 7-26 respectively, whichever serves our purpose, although I see them as 
complementary. 
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(conceptual practice)

The private interpreted world
(artificer practice)
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(enacted practice)

The situated designing world
(design practice)

 
1) Concrete experience with users’ present work; 2) Relevant structures on users’ present work; 3) 

Concrete experience with technological options; 4) Overview of technological options; 5) Visions 

and design proposals; and, 6) Concrete experience with the new system 

Figure 7-27: Situated design 

Much for the same reason, I have not taken my examination on to a 
further level. I could have taken that which happens in the overlapping zones, 
as depicted in Figure 7-4, and examined what happens in their meeting, i.e. 
when they overlap in themselves, as I believe they truly do to some extent, and 
which by now should have become apparent. However, that would obfuscate 
the knowledge transitions processes, as I would then more or less adopt a 
relational view, as depicted in Figure 7-7. The work of Kensing and Munk-
Madsen (1993), which was found to be both sufficient and adequate up to the 
current point, would perhaps not be enough to explain what would happen in 
such a case. I would have to look elsewhere. However, I do not find it fruitful, 
at this stage in this work, to continue any further. Abstract representations are 
only serving as long as they fulfill their pedagogical mission. I might run the 
risk of losing my audience. Such an examination would become very 
hypothetical, an academic exercise, unless I could provide a quite substantial 
work to back it up properly with further argumentation and empirical 
explorations. As the model stands now, represented in Figure 7-25 and Figure 
7-26, and initially in Figure 4-11, I find it more than sufficient to explain and 
further our understanding of what transpires in a world of situated designing. 
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8. DISCUSSION 

In this chapter, I am going to discuss and reflect upon my research work. I will 
do this in addressing the following points: 
 Research findings 
 Theoretical relations 
 Research validity 
 Research approach 
 Contributions to practice 

8.1 Research findings 
I ventured into this thesis work to achieve two aims. The first aim was to 
expose a need for adopting a situated design perspective in designing 
computer-based systems or tools supporting knowledge work. The second aim 
was to examine what adopting a situated design perspective may mean, or 
reveal, to us concerning the mechanisms and workings involved, i.e. processes 
and relations, within the design situation, and what the nature of these may 
be. I did this to understand better what it means, for both end-users and 
developers, to approach and capture the tacit knowing within a knowledge 
work context when developing computer-based support tools or systems. 

Here, I will discuss the main findings of my research: the need for a 
situated design perspective, the nature of the design practice, the role of the 
artifact (system) in the designing, and the conceptual model for understanding 
relationships and transitions in situated designing. 

As I have experienced through the development projects, there is a need 
for providing a conceptual language to capture better the image of 
development work that goes beyond those dressed in managerial languages. In 
managerial languages, the development work is seen as a planned activity, 
focusing only upon specific points of delivery in a plan to show progress or 
success. As a designer, I feel utterly restricted when facing such languages, as 
they do not depict, or convey, the sense of what design work is. Especially in 
the second development project, it seemed all too common a practice to regard 
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the project as the plan, with milestones and administrative reports to be 
produced, all too removed from the situation in which the development work 
was performed. I cannot remember anymore how many reports have been 
written during that time just to satisfy the wants of the project administration. 
From our work package group’s view, the project was about creativity, 
problem-solving, trial and error, and so forth. It was much more dynamic, and 
much more in the here and now. Imagine the frustration when the creative 
flow was broken up every third month by the needs of the administrative 
apparatus for control. For sure, there are many good books on system 
development that try to point out alternative methodologies (e.g. Avison & 
Fitzgerald, 2006), trying to stress human and organizational issues of learning 
and knowledge sharing, hiding behind terms such as agile development. Alas, 
I find these still emphasize the managerial demands, stressing the project plan 
primarily. There are no counter images and languages to stem this flow. 
However, there are alternative images presented. Bratteteig and Stolterman 
(1997) provide the powerful image of a jazz orchestra when talking about 
designing in groups, each individual seemingly playing his or her own tune, 
but all harmonizing as a whole. Nevertheless, I find that such images do not 
give us the sufficient analytical linguistic tools to uncover and to talk about the 
mechanisms that make them harmonize in the end. I find we are ill prepared 
using such images to deal effectively in debate and study, to further our 
understanding, of the conditions for design work in situations dominated by 
the realities of a knowledge work practice. 

This was the lessons taught to me by the first development project, when I 
initially discovered how insufficient and inadequate my earlier understanding 
was of the nature and conditions of development work. The image I carried 
with me of planned activities akin to the engineering approach, powerful as it 
was in its methodological neatness, was ill suited to cope with how the first 
development project evolved. Hence, the need for producing an alternative 
image arose, the initial model in chapter 4, satisfying the need for a powerful 
language by which to refocus our attention and better clothe that which we 
experience. Thus, I drew upon experience and insights gained from the first 
development project in chapter 4 to lay the foundation of the first initial 
model. 

However, this was not enough. The laying of the initial model also led me 
into a search of what it was that so upset my previous understanding. I sought 
explanations by looking into the context of such development work as 
experienced in the first development project. Hence, the examination of the 
knowledge work practice in chapter 5, and where I found an answer. Much of 
what was experienced in the development work of the first project was indeed 
shared by the characteristics of knowledge work and the nature of knowing in 
practice. One cannot separate the practice from the designing. Everything is 
an ongoing knowing (designing) in practice. The examination in chapter 5 
exposed the tacitness, the learning and knowing, and the situatedness of such 
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work (e.g. Schultze, 2000; Orlikowski, 2002; Tyre & von Hippel, 1997), 
summarized in chapter 5.4. In designing support systems for a knowledge 
work practice the designing becomes, so it seems, a knowledge work practice. 
Designing is here situated in the practice and inseparable from the 
engagement in practice, requiring an active work setting. New understandings 
and retransformations of older ones cannot be arrived at unless framed within 
a living context for trying out insights and gaining experience. It seems that it 
is only through an active engagement and participation in the practice that we 
may reach a deeper understanding of what is really going on and why. Here, 
mere outside observation or retelling would not have lent itself easily to an 
understanding of what is truly going on, as much of the work depends upon 
the tacit knowing gained from, or generated as a consequence of, experiencing 
the effects of one’s endeavors. 

The role of the system, the artifact (from envisioned to materialized), in 
designing for a knowledge work practice, is not only as the ends, but also as a 
means by which much is made sensible and communicated. As I concluded 
from chapter 4, the “iterating artifact” (the system) (Berente & Lyytinen, 
2006), i.e. our materialization of the evolving vision, was not only the very 
instrument of capturing, exploring and making-sense of the practice of the 
users, to meet the needs and wants of the practice with possibilities and 
limitations of technology. It was also the very discourse, that which we talked 
about and framed our conversations. Here, it became a vehicle of grasping the 
multiverse of possibilities as they were played out when our understanding 
grew, as well as a material embodiment of the same. In moving iteratively 
between users and us, the developers, the prototype system served as a 
boundary-spanning object (Bowker & Star, 2000), linking the worlds of users 
and developers, creating a means for shared understanding. This is especially 
important as different actors (users and designers) bring with them their 
private worlds of engagement to form a common world of designing. Here, 
part of this world of designing becomes shared by all, as an arena for mutual 
learning and envisioning (the shared world in Figure 4-11). Yet, parts of this 
common world of designing remain private to the individual actors (the 
private worlds in Figure 4-11), where current understanding of the envisioned 
artifact is either reflected upon in action or interpreted in the process of 
materialization. As a boundary-spanning object, the artifact (the system) 
enables and facilitates knowledge transitions across these worlds. 

Remember, even if I had let myself be guided by my understanding of the 
nature and characteristics of the knowledge work practice in working on the 
initial model, I was not done. As all knowledge work is about the production 
of knowledge, transforming it, so is the design practice for developing artifacts 
to occupy space within that same practice. The initial model did not address 
the nature of the knowledge generated and transitional paths through which it 
flows. To me it seemed shallow, there was no the substance behind all the 
relations depicted between elements in the different worlds. If design activities 



 

198 

becomes embedded in the daily activities of knowledge work, how can we then 
use my conceptual model, the linguistic constructs, to separate them and study 
them (and talk about them). Indeed a methodological problem of 
operationalization might be given birth. Thus, I came to revisit the model in 
chapter 7 to clothe it with a linguistic apparatus by which one is enabled to 
direct one’s focus to talk about specific types of knowledge domains (sources) 
embedded in the design situation, and the transitional paths between them. 
Again, I drew upon experience from the second development project in 
chapter 6, elaborated upon the conceptual model further, and explored 
episodes from the project in chapter 7. The exploration of the episodes in 
chapter 7 is important. It serves two purposes. First, it shows how one may 
perform a structured examination of a design situation, what phenomena to 
look for and how to talk about and relate to them, showing how it is possible 
to operationalize it. Second, it provides us with the alternative images, the 
living ones, of design work, beyond those of managerial concerns. Through 
the instantiation of the model, it is given meaning and purpose, and its 
descriptive power is revealed. 

At the end of my research, I have arrived at a conceptual model of 
linguistic constructs, a language to name and to frame phenomena within a 
design situation. The conceptual model provides us with a perspective that 
enables us to set a different discourse, beyond a managerial one, when 
explaining or studying that which we experience in designing computer-based 
artifacts supporting knowledge work. The model provides linguistic constructs 
that reveals overlapping worlds of engagements (private and shared) and their 
relations (see chapter 4, and Figure 4-11), and the processes of knowledge 
transitions and their domains (see chapter 7, and Figure 7-25 and Figure 7-
26). The model depicts designing as an explorative and sense-making process, 
navigating between what is wanted or envisioned and what may be negotiated 
and discovered. Here, the gravitational point is the system (both envisioned 
and materialized) as the motor driving debate, explorations, and fueling our 
efforts in making sense of the practice, which it simultaneously embodies and 
occupies. The model recognizes that final goals are gradually more concretized 
as the understandings of the work practice becomes more articulated, and that 
final specifications are seen as natural stopping points when these converge. 
By providing a means for us to focus upon the different worlds and their 
relations, the processes of knowledge transitions taking place, and the role of 
the artifact, the model emphasizes the situated nature of design work, as 
shown through my explorations of the episodes of designing in chapter 7. 

By adopting the perspective the model provides, I recognize that 
characteristics of knowledge work have a bearing upon how developers, 
together with users, come to approach and capture the rich and tacit knowing 
of the practice, or part of it, in computer-based tools. The designing of such 
artifacts in the context of knowledge work should not be viewed as a formal 
planned effort, as a more traditional engineering approach, which objectifies 
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knowledge of the design situation by assuming that goals may be expressed 
clearly and understood at the outset of the effort. Rather, it should be viewed 
as more of an explorative situated process that slowly converges as more is 
discovered and expressed of the work context, recognizing that knowing in 
practice means that designing and working blends together, and that these 
activities are interdependent in a continuous cycle of refining, enacting, and 
reflecting. 

Even though I have provided a wealth of pictures, figures, and so forth, 
they are not the essential contribution. I am very conscious about the power of 
pictographic elements that may carry meanings long after they served their 
purpose. My figures are meant to serve in making my research process 
transparent, i.e. the line of reasoning behind, and in promoting pedagogically 
the conceptual model. Too much focus upon the pictographic figures alone 
may estrange the conceptual model as newer meanings are attached to their 
symbols in the course of time, whereas the linguistic constructs may better 
stand the test of time. Nevertheless, the graphic models (see Figure 7-25 and 
Figure 7-26, and the initial model in Figure 4-11) provide us with the 
necessary means to concretize the abstract conceptual language and enable 
efficient communication. Wenger (1998) addresses this when he talks about 
reification. Here, reification is the act of treating an abstraction as substantially 
existing, or as a concrete material object that one may refer to, i.e. the process 
of giving form to our experience by producing objects that congeal this 
experience into something concrete. It is important as it enables both 
communication and behavior, as phenomena are given a name. Through 
reification, we create simple pointers to practices and ideas that can have a very 
deep meaning. These pointers become very useful and efficient tools in our 
conversations, which is one purpose of my conceptual model. 

In sum, the conceptual model makes visible several important aspects of 
the design practice. It reveals to those involved, i.e. users and developers as 
well as other stakeholders, how they are to understand and relate to the design 
process. It furthers the understanding of what to expect in terms of 
commitments and efforts it takes to perform design work, and the nature of 
the roles and responsibilities of those involved. It makes clear that the design 
process is highly situated. That it cannot take place outside the work context, 
but in close interdependent relationship. It is designing within the living work 
context, not design for an objectified one, and thus, it cannot be planned as a 
pure engineering endeavor. 

8.2 Theoretical relations 
It seems that my contributions or findings find themself in a position on the 
“battlefield” between on the one hand engineering approaches (managerial 
approaches) and on the other hand participatory prototyping approaches 
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(situated approaches), where I favor the latter. Therefore, I reflect upon a 
number of issues concerning my theoretical relations. What kind of theoretical 
contributions does my research claim to be yielding? How and in what manner 
are existing theories benefitting from my findings? Where do my findings find 
their place within the vast theoretical landscape? In reflecting upon these 
questions, I will follow the outline of the theoretical accounts given in chapter 
2 on development approaches, perspectives on information systems 
development, situated design, and design knowledge. 

8.2.1 Development approaches 
Where do I stand when it comes to development approaches? As discussed 
throughout the thesis I take a strong stand against rationalistic approaches 
(Winograd & Flores, 1987) or engineering approaches (Denning & Dargan, 
1996). Such approaches view development work in terms of identifiable 
objects with well-defined properties, with general rules that apply to situations 
in terms of objects and properties, and application of the rules logically to the 
situation of concern, drawing conclusions about what should be done. They 
see that the result of the process is always a product, always derived from 
specifications given by the clients. Once the clients and developers have agreed 
upon the specifications, there is little need for contact between them until it is 
time for delivery. 

If anything, I favor more human-centered approaches (Denning & 
Dargan, 1996), where the goal is a satisfied client (user). Here, collaboration 
between developers and clients (users) is the essential focus in the 
development process, which evolves and changes according to the needs and 
concerns of the clients (users). The specification is seen as an important 
byproduct of the process, in which communication is continuous between 
developers and clients. Within a human-centered approach, one finds 
participatory approaches (Schuler & Namioka, 1993; Grønbæk, Kyng, & 
Mogensen, 1997), and “Scandinavian school” approaches to information 
systems development (Bødker, Ehn, Knudsen, Kyng, & Madsen, 1988; 
Bjerknes and Bratteteig, 1995; Iivari & Lyytinen, 1998). These may be 
characterized as having a strong emphasis on evolutionary development, user-
participation, using alternative process models, seeking varying and innovative 
theoretical foundations, and based in action-oriented research tradition. My 
work also shares and exhibits many of these characteristics. 

8.2.2 Perspectives on system development 
The perspective I lay on development work is one that rhymes well with the 
human-centered view on people and machines presented by Norman (1993), 
see Table 2-3. I presented this view to emphasize further the contrast between 
rationalistic approaches and human-centered approaches, to drive home the 
message, and position my research efforts. 
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The importance of perspectives and perspective taking in design has been 
dealt with by Hult, Irestig, and Lundberg (2006), seeing design problems in 
social contexts as wicked problems. They emphasize that as designers meet the 
design situation, the designers’ pre-understanding forms an active design 
perspective in the creation of a design solution. It influences the way they act, 
explore, and interpret events in the design space, forming an overall frame of 
reference for interpreting the world. Thus, one cannot neglect the importance 
of perspective taking in the design situation, as it undoubtedly will function as 
a filter to distinguish phenomena and dress debate. I do acknowledge this in 
pointing out the need for a perspective on situated designing that prepare 
better those involved, as well as stakeholders, with a sound respect of what 
such work demands and what is to be expected in the planning of such 
undertakings. 

However, there might be other perspectives on development work better 
suited to illuminate my work than that of Norman (1993). For instance, from 
Hirschheim and Klein (1989) we find that system developers approach the 
development task with a number of explicit and implicit assumptions, allowing 
those involved to share similar perceptions and engage in commonly shared 
practices. They present four such “paradigms” of development work, which I 
see as perspectives. If anything from their categorization, I see myself falling 
more within the paradigm of social relativism, seeing system development as a 
sense making process, where the designer (or developer) is a facilitator in 
capturing the illusive knowledge. Development is consequently subjective and 
ordered, and social change is brought about in an evolutionary manner. To 
me, the development is indeed process-oriented and reality is negotiated with 
the users. As an analyst, I must acknowledge that different perceptions about 
reality do exist, and that this reality is socially constructed. 

Looking at the work of Fallman (2003), I see that my work falls within his 
“pragmatic account” of what design is, see Table 2-5. Here, designers are 
being engaged directly in a specific situation, carried out somewhere in a world 
that is already populated with people, artifacts, and practices. This is much 
like the reasoning of Suchman (2002) concerning that design is always located, 
taking place somewhere, with which I much agree and that has been a solid 
standpoint within my research work. 

Looking into the perspectives within the Scandinavian tradition, I find that 
I agree much with the work of Bratteteig (2004) where she introduces us to a 
number of perspectives, such as construction process, organizational change 
process, political process, and work process. Here it is the perspective of 
development work as a work process that I focus on. I concur with the 
emphasis that system development should not only concern itself about 
building the computer-based system alone, but also about the actual 
development process, In addition, the planning and organization of such work 
is not only based on the technical content of the system, but also upon 
organizational contextual factors, such as the work practice. In developing or 
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designing artifacts supporting knowledge work, both the artifact and the 
process of its realization must be treated as an integral whole. 

8.2.3 Theoretical frame 
In this section, I will discuss and reflect upon the theoretical and scholarly 
work that I have either drawn upon or related my work to throughout the 
thesis. 

Development orientations 

From the perspective on the development practice as work-oriented 
(Suchman, Bloomberg, Orr, & Trigg, 1999), I find through my research that I 
strongly concur with that technologies, such as computer-based systems, can 
only be assessed in their relation to the sites of their development and use, 
their social practice. Furthermore, for individual systems to add value they 
must be efficiently integrated into the work practice, which requires 
development of prototype system within actual work sites, in situ, in close 
relation to the sites of its intended use. Nothing can be truer than that, which 
is depicted in my conceptual model with the inclusion of the private 
experienced world. 

Looking at the development practice from a vision-oriented perspective, I 
follow in the footstep of Bratteteig and Stolterman (1997). They emphasize 
that design should be seen as departing from a problematic situation, and 
aiming towards creating a future rather than solving present problems. The 
purpose of system design is to formulate a vision of necessary changes, 
described in a concrete and precise manner, where the design process 
emphasizes vision creating rather than repairing current malfunctions. To 
them, design is to be understood as a process that includes three levels of 
abstractions, the vision, the operative image, and the final design specification. 
All these levels are present during the whole design process in a continuous 
dynamic interplaying manner to varying degree, informing and delimiting 
each other. The final design specification is a detailed specification of the 
future system and the outcome of the design process. In all this, I agree, 
however, I do expand upon their notion by claiming that one cannot really 
separate these levels of abstractions. From a situated design perspective, they 
should be seen as one. This singular abstraction, from an envisioned to a 
gradually more materialized artifact, encapsulates and represents our 
understanding of the practice including the future system. The evolving 
artifact being brought into the private experienced world is always considered 
a fully functioning prototype (a design specification of some sort). How else 
may the users reflect upon it and question the envisioned system in relation to 
their practice. What Bratteteig and Stolterman (1997) call final specification, I 
see as what we arrive at when a point of convergence of understanding is 
achieved. 
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Looking at the development practice from a knowledge oriented 
perspective, I presented a number of strands, from knowledge management 
oriented (e.g. Dakhli & Chouikha, 2009) to design theory oriented 
perspectives (e.g. Hardless & Lindgren, 2005). Although I admit that these 
two extremes are important in their influence, it is primarily the work of Pries-
Heje and Dittrich (2009) that have been inspirational to me. It may be seen as 
an example of work inspired by participatory design traditions or discourse. In 
trying to address problematic issues related to ERP implementation, they 
argue that to be successful, such implementations must be understood as a 
socio-technical design process. Such a process requires knowledge integration 
across many different domains, appropriate activities of knowledge integration 
that are necessary to undertake, and strong user participation. It is in the 
manner that they draw upon the work Kensing and Munk-Madsen (1993) 
that has been inspirational to me, and to which I wish to contribute. I will 
return to this further in discussing design knowledge. 

Situated design 

As I stated in chapter 2, situated design is not an approach to system design as 
such. Rather it is a recognition that the characteristics of the work practice and 
our evolving understanding of it dictates or shapes the conditions for design, 
and not vice versa. 

The picture Reffat and Gero (1999) paint of the design process, is one 
with which I strongly concur. Like them, I see designing as a series of situated 
acts, where designers interact with their design environment and objects 
within it, bringing with them prior experience to the particular situation. 
However, these acts cannot be preplanned because designers do not in advance 
completely know what will be available to them in a particular situation. I also 
concur with that designing exists only in relation to situations and design 
knowledge cannot be understood or explained in isolation from its situation. 
This picture has come to shape my understanding when drawing out the 
initial conceptual model of situated design (see Figure 4-11). I have also been 
much inspired by the continuing work of Gero and Kannengiesser (2004). 
They have presented their model of situated design in which they see 
designing as an activity where the designers perform actions in order to change 
the environment, observe and interpret the results of their actions, and decide 
on new actions to be executed upon the environment. I am much influenced 
by the way they have modeled the situatedness in a design situation. Their 
model with three environments (worlds) was taken to heart. However, I did 
not agree with how they modeled situated design. They only seem to be taking 
the perspective of the designers, not including the users and their work 
practice in the model. That is important to note. All of their worlds are 
defined from the perspective of the designers and from how the designers 
relate to these worlds. Perhaps that is why they saw the “worlds” as recursively 
linked, not overlapping as when I included the world of the users and the 
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shared envisioned world. I see it as an important expansion to their model to 
include the world of the users and the world of the common arena, where 
designers and users meet and learn from each other (see Figure 4-11). 

Büscher, Gill, Mogensen, and Shapiro (2001) draw upon the concept of 
“bricolage” as the reordering of people and resources, defined by the situation 
in pursuit of better solutions. They propose it as a perspective or approach of 
“designing immediately” (Büscher et al., 2001, p. 23), where the challenge in 
design is using a better understanding of work practices in the designing of 
work support systems. I do not relish the view of situated design as some sort 
of bricolage (designing immediately) as much work may be described as such 
when it comes to solving problems on the spur of the moment, making do 
with that which is at hand. Though it may be a strong metaphor, really getting 
down to what situatedness may mean, I argue that taking such a perspective of 
designing is not fruitful. It provides no directions in what phenomena to look 
for when studying a situated design situation; it is simply not a concept that 
holds descriptive power. 

A noteworthy attempt in laying a foundation for a situated design 
methodology is made by Lueg and Pfeiffer (1997), as a reaction to the 
technology-driven development approaches of more rationalistic traditions. 
Here they seek better explanations of human cognition based upon the notion 
of situatedness, where human cognition is considered to be emerging from the 
interaction of the individuals with the environment. However, their 
methodological attempt is far too indefinite to be of proper use in explaining 
or giving any sort of directions. The steps they draw out are far too general 
and could be applied whether or not we take a situated perspective on design. 
It seems that “success” in situated designing may not be achieved by 
methodological directions, but by arming oneself with a thorough 
understanding of the nature of the same, i.e. taking a perspective, prior to 
embarking upon the endeavor. The attempt by Lueg and Pfeiffer (1997) gives 
me pause to reconsider whether prescriptive methodological attempts are at all 
fruitful. 

Another noteworthy methodological approach is the one by Beyer and 
Holtzblatt (1998), called contextual design. They see contextual design as a 
highly structured and formal approach, seemingly best suited when 
approaching a complex design task with highly diversified users, where the 
focus is on the customer or product. Although their methodology is 
impressively detailed, I find their strong emphasis on a formalized and goal 
driven approach a bit to restricting to capture the dynamics of a situated 
designing within a knowledge work context. However, what is inspiring with 
their methodology is the emphasis on a thorough understanding of the context 
of the work practice in which the goal systems is to be integrated, an 
understanding which may only be arrived at by observing the work practice in 
motion, i.e. in situ. Hence, the inclusion of the private experienced world of 
the users, i.e. their work practices, in my conceptual model. 
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Design knowledge 

As stated in chapter 2, knowledge in the design situation is an elusive concept. 
To answer the question of what this knowledge is, and how are we going talk 
and think about it if we cannot name it and frame it, I turned to the work of 
Kensing and Munk-Madsen (1993). They have contributed much in this 
direction with a vocabulary with which we may address the concept of 
knowledge in the design situation. In coming from the participatory design 
tradition, they explore areas or categories of knowledge communication 
between users and developers in the design situation. I have given the work of 
Kensing and Munk-Madsen (1993) much room in chapter 2. This was 
necessary, as they are an important theoretical input in the elaboration of my 
conceptual model. 

Kensing and Munk-Madsen (1993) present us with a model of three 
domains of knowledge: 1) the user’s present work; 2) the technological options 
available, i.e. the technology as such and the work organization; and 3) the 
new system and changes in the content and the organization of the users’ 
work. I have made heavy use of this model in complementing my conceptual 
model with a language for describing knowledge transitions. Here I was also 
inspired by Pries-Heje and Dittrich (2009) as they used the same model as an 
analytical instrument to look upon how different knowledge integration 
activities were supported in an ERP-implementation and adaption as an 
explanation to what went wrong or was problematic in the process. However, I 
did not take the model of Kensing and Munk-Madsen (1993) as is. Seeing 
that it missed an elaboration upon what paths of transition there were and 
what they looked like, I expanded upon the model. Pries-Heje and Dittrich 
(2009) did draw transitional paths, but I found that they were not adequate in 
depicting a situated design process. In chapter 7, I contributed further with 
the possible transitional paths within the model, and exemplified it through 
my analysis of the design episodes. 

8.3 Research validity 
When talking about the validity of a particular research, we often seem to be 
referring to the claim we may make on some sort of truth. The claim on truth 
may concern how objectively we agree upon the knowledge produced. It may 
also concern the extent to which concepts or conclusions may be seen as well 
founded and accurately corresponding to real world phenomena. We may ask 
questions such as how credible are the findings or how credible is the manner 
in which they were produced? Can they be replicated and repeated 
independently? It all seems to converge upon whether independent observers 
can trust in the outcome and find it meaningful within their domain of 
application. 
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Some may refer to validity as either internal validity, that the instrument 
for observation measures what it is supposed to measure, or external validity, 
that which the instrument measures has a relation to real world phenomena. 
Such distinctions may be fine, as long as we study phenomena belonging to 
the world of natural science. However, in studying social phenomena, I chose 
instead to look upon validity from two perspectives, or levels, simultaneously. 
Both are dependent upon each other and are in large inseparable. 
Nevertheless, we may distinguish between them for the sake of examination. 
First, the validity of the process undertaken in generating the outcome, i.e. 
raise questions concerning whether we may trust the manner in which 
knowledge was produced. Second, the validity of the outcome in itself, i.e. 
raise questions of whether we can believe our eyes when seeing the outcome, 
i.e. does it make sense, and is it useful. Of course, we cannot really make this 
distinction as the process is reflected in the outcome and the outcome is 
reflected by the process. However it serves to keep this distinction in mind as a 
first impression of the outcome might strike as us convenient and fruitful, but 
upon close examination the process as such raises questions (ethical or of 
rigor), and an ever so apparently brilliant process may still produce 
questionable results in the end where we say “so what”. 

In discussing the validity of my research, I am drawing upon two streams 
of scholarly thinking concerning the production of knowledge: action research 
and design science research. As my research process has been guided and 
influenced by both these streams, as pointed out in chapter 3, it is natural to 
let my discussion of validity be framed by them as well. 

For the action-oriented research perspective, concerned with the validity of 
knowledge production mediated through action, I am turning to Checkland 
and Holwell (1998) who have been very influential in my thinking in this 
respect. Here, they raise the issue of how it is possible to claim truth when 
generating knowledge in the study of social phenomena. They point out that 
the application of a research process of natural science such as hypotheses 
testing, having the strongest claim to truth in acquiring knowledge, is 
problematic when applied to phenomena beyond those for which it was 
developed. Checkland and Holwell (1998) further point out, the criterion of 
repeatability of natural science research is not possible to achieve, or an option, 
due to that social phenomena are not homogenous through time. They point 
out that, the “‘social reality’ is not a given, but the changing product of a continual 
intersubjective discourse” (Checkland & Holwell, 1998, p. 20), and even the 
study of social phenomena may induce changes in their behaviors or 
properties. 

Checkland and Holwell (1998) introduce the concept recoverability as a 
criterion for validity. Recoverability is seen as the ability for others to be able 
to recover the research process, not to replicate the results, but to be able to 
judge or assess its soundness, its credibility. If we have on one hand the harsh 
criteria of absolute repeatability of natural sciences and on the other hand the 
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weak criteria of plausibility of storytelling, somewhere in that midst we find 
recoverability. This is, as Checkland and Holwell (1998) point out, the best to 
hope for in the end. 

So how do we go about in achieving recoverability, or to show that our 
research is recoverable? Again, Checkland and Holwell (1998) provide an 
illumination in this regard. As there is, they state, a limit to the claim one may 
make for the validity of one’s approach, it is important to achieve at least a 
situation in which the research process is recoverable, allowing critical 
scrutiny, by interested outsiders. To achieve this situation, they further point 
out, it is essential to declare the epistemology, i.e. the framework of particular 
linked ideas and the process wherein they are used methodologically. The 
epistemology defines whether the research makes sense, and what counts as 
acquired knowledge. Use of the methodology, they continue, may then teach 
us not only about the area of interest but also about the adequacy of the 
framework and methodology. It forms a learning cycle in which changes to or 
modifications of framework, methodology, and even area of interest are to be 
expected. 

Seeing as my research process is influenced by an action-oriented approach 
in generating scientific knowledge, as presented by Checkland and Holwell 
(1998), I find it natural to reflect upon how I have lived up to the criterion of 
recoverability. I ask myself whether it is possible to recover the road I walked 
upon, allowing for critical scrutiny. Have I been honest and explicit in 
declaring framework and methodology throughout my research process? I will 
reflect upon this in the subsequent section 8.4 when discussing my research 
approach. 

When we talk about the outcome of the research and question its validity 
we are perhaps referring to how useful it is, how meaningful it is in conveying 
understanding and enable action. Worren, Moore, and Elliot (2002) introduce 
the concept of pragmatic validity, i.e. characteristics of knowledge produced 
through research that lead to practical utility. Here, they see that “the 
pragmatic validity of knowledge can be judged by the extent to which goals or 
intended consequences can be achieved by producing certain actions or using 
particular instruments” (Worren, Moore, & Elliot, 2002, p. 1228). They 
introduce the concept because, as they say, “traditional criteria for scientific 
validity do not guarantee pragmatic validity, there is a need to identify the 
characteristics that lead to usefulness” (Worren, Moore, & Elliot, 2002, p. 1245). 
To assess the pragmatic validity of research outcomes they suggest three 
approaches: first, to use the level of adoption as an indicator; then, to assess it 
directly through experimental methodologies, perhaps two different test 
groups solving the same problem, but with different “tools”; and last, to ask 
users themselves about their opinion. All of these approaches are of course 
accompanied with their respective problems, which they are quick to 
comment. However, that is of no concern to me, even if I find this criterion 
for validity interesting, as none of their suggested approaches readily lends 
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themselves for application within my research. Simply, there is no adoption 
yet which I am aware of, and experimental methodologies and user opinions 
are still a future prospect. 

Yet I cannot ignore the notion of pragmatic validity, it comes close to what 
Venable (2006a) arrives at in discussing utility theories as an important 
outcome of design science research activities, looking at the effectiveness, 
efficacy, and efficiency in addressing problems in the real world. Indeed, it is 
towards design science research I look next. It is not too bold to claim that the 
conceptual model I have arrived at is a fruit of labor influenced by design 
science research activities. One has only to go to March and Smith (1995) to 
see that they acknowledge conceptual models as one type of outcome of design 
science research, besides constructs, methods, and instantiations. Venable 
(2006a) added a fifth, better theories. 

Well then, what criteria for validity does design science research offer by 
which to judge my research efforts? Venable (2010) sheds some light in this 
respect. In his survey of the current state of scientific debate of how to judge 
the quality of the outcome of design science research activities, he paints a 
picture of a landscape in great disagreement. Venable (2010) looked at what 
has become of the field prior to and after the Hevnerian contribution in 2004 
(Hevner, March, Park, & Ram, 2004), and asked what criteria were mostly 
used and how they were received. Even though, as Venable (2010) point out, 
the Hevnerian guidelines, presented in chapter 3, have met lukewarm 
reception it was still found to be useful and largely endorsed. 

However, I will not use these same guidelines in my discussion of validity. 
I might be running the risk of being accused for using them as a “mindless 
checklist”, as some respondents in the Venable (2010) study feared, if I argue 
guideline by guideline how “good” my research is, or how valid it is. Indeed, 
Venable (2010) cautions us not to follow these as if they were carved in stone. 
Neither does living up to all of them guarantee sound research results, nor are 
all of them necessary to achieve the same. However, is it possible or fruitful to 
judge or assess the validity of design science research outcomes based upon 
these guidelines in retrospect? No, not directly, their purpose is to guide 
activities of design science research in meeting demands of relevance vis-à-vis 
those of rigor, and in doing so, ensure validity. 

There might be many other criteria better equipped to answer the question 
of validity, as pointed out by Venable (2010). He especially points out the 
concept of utility as a validity criterion. Here, Venable (2010) draws upon 
Venable (2006a) in regarding the outcome of design science activities as utility 
theories. Such theories, according to Venable (2006a), should be precise about 
what problems they address, in what manner they address them, and what 
benefits would occur from applying the solution derived from them. All of 
these I have addressed in my thesis work. Solutions and utility theories should 
then be evaluated in terms of their effectiveness and efficacy in solving the 
problems, in comparison to other solutions (benchmarking), and for what 
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other undesirable impacts they may have. Alas, also this is a future prospect as 
the outcome of the research now stands on the very brink of this type of 
evaluation. However, I should not leave it at this, and be satisfied. 

What remains now, is to ask the penultimate question of how meaningful 
and useful my research outcome may be in addressing phenomena in the real 
world, both for academics and for practitioners. It is not a question of 
relevance, but a question of successful adoption and application in the future 
by other academics and practitioners, facing similar situations as those that 
gave birth to the conceptual model (depicted in Figure 7-25 and Figure 7-26, 
and initially in Figure 4-11). Will it provide them with the intellectual tool to 
better understand their current and future situations and enable them to solve 
or address problems in better or novel ways? In truth, I cannot answer this, as 
it is something only the future will tell. What I have contributed with in 
discussing validity here is to provide a means for ascertaining the possibility 
whether or not that might be the case. However, that does not mean that we 
are to be satisfied with the current circumstances. I cannot be satisfied, even 
though I find myself in good company amongst others who have been found 
wanting in this respect, see Hevner et al. (2004). The only evaluation so far, in 
proving validity here, has been predominantly of an argumentative nature. I 
still feel the need to provide directions to further cement credibility, to show 
how validity may be ensured. One manner in achieving this is to examine how 
and what I contribute to the academia, i.e. to reflect upon my theoretical 
contributions and positioning, which I have done in the previous section 8.2. 

Another manner is to evaluate my model as a designed artifact beyond 
what has been achieved thus far in my thesis work. Hevner, March, Park, and 
Ram (2004, p. 85) point out: “The utility, quality, and efficacy of a design artifact 
must be rigorously demonstrated via well executed evaluation methods. Evaluation 
is a crucial component of the research process”. Indeed, if I claim to be making a 
contribution through design science research activities, which I consider my 
conceptual model to be, then this must be given further thought. It is the core 
essence of their guideline 3 for design science research. According to Hevner 
et al. (2004, p. 85) “a design artifact is complete and effective when it satisfies the 
requirements and constraints of the problem it was meant to solve”. Here, Hevner 
et al. (2004) point out several different methods for design evaluation: 
observational, analytical, experimental, testing, and descriptive (cf. Hevner et 
al., 2004, table 2, p. 86). So far, my efforts have been descriptive in character. I 
have used informed argumentation, i.e. drawn upon information from the 
knowledge base to build a convincing argument of my model’s utility, and I 
have used scenarios, such as the episodes of design activities in chapter 7 to 
demonstrate its utility. However, if feel that this is not enough, as it does not 
address the issue of transferability to other similar situations of designing. 

The conceptual model provides the means for talking about design 
situations. Yet, such a conversation is not meant for an isolated stage. The 
model in itself is also by necessity a living entity, it cannot be separated from 
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the practice that gives it meaning. It needs to be framed within in a situated 
designing situation to be useful. To simply take the model and study it, or 
refer to it, without this intimate connection will render it too abstract. It will 
become a construct of words instead of meanings. This, I fear, is the fate of 
many descriptive models once losing connection to the conditions or situations 
that gave them birth. Remember, it is not a prescriptive model with casual 
relationships. However, this does not mean that the model in itself will not 
lend its descriptive power to other situations, of similar nature, beyond those 
described in the thesis. It is applicable to every situation of design activities 
where artifacts supporting knowledge work are crafted. To show this, I need 
to address the issue of relevance, as Hevner (2007) sees it when he talks about 
the relevance cycle. According to Hevner (2007) a relevance cycle initiates 
design science research within an application context providing both the 
requirements for the research as inputs and acceptance criteria for the 
evaluation of the research results. The outcome must be returned into the 
environment for study and evaluation in the application domain where field-
testing will determine whether the new artifact (or model as in my case) may 
have deficiencies in functionality or in its inherent qualities limiting its utility 
in practice. As Hevner (2007) states, it may be that the requirements input to 
the design science research were incorrect or incomplete, resulting in an 
artifact satisfying the requirements but still inadequate to the opportunity or 
problem presented. 

Hevner (2007) has much more to say on the matter. However, it suffices to 
point out that as my research was initiated by the experience gained from my 
involvement in two projects, i.e. the first development project and the second 
development project, I need to bring my conceptual model back to similar 
domains of application. I need to do this, paraphrasing Hevner (2007, p89), in 
order to determine or question whether my model will indeed improve the 
environment and how improvement may be measured, i.e. does it hold 
sufficient explanatory power. Further, I need to determine and question 
whether the model is adequate to the opportunity or problem presented, i.e. if 
its explanatory power is useful. Last, I also need to determine and question if 
the initial requirements input to the construction of the conceptual model 
were complete. One further round in the relevance cycle is needed. 

8.4 Research approach 
Here, I will look upon my research efforts from two perspectives. First, though 
the concept of recoverability (Checkland & Holwell (1998), in order to point 
out and reflect upon in what manner my footsteps are retraceable. Then, from 
the perspective of how the different research approaches that has influenced 
me may be framed within the conceptual model of situated design, i.e. into a 
frame of situated research approaches. 
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8.4.1 Recoverability 
Checkland and Holwell (1998) introduce the concept recoverability, see 
chapter 8.3, the criterion for validity achieved by enabling others to recover the 
research process and thus judge or assess its soundness, its credibility. To 
achieve a situation where this is possible, they point out, it is essential to 
declare the epistemology, i.e. the framework of particular linked ideas and the 
process wherein they are used methodologically. Therefore, let us reflect upon 
this in looking back at my research process and thesis work. 

Much of the nature of my research process has already been introduced in 
chapters 3.1 and 3.2, and elaborated in the following chapters. Thus, one may 
follow in the footsteps I took to reach where I am today. I have also in chapter 
3.3 described the research approaches that has been influential to and oriented 
me during my research and thesis work throughout the years. The one thing 
that may not be obvious from how the approaches are presented, and which is 
briefly mentioned in chapter 3.1, is that I entered the research process, 
through the first development project, burdened by rationalistic and 
engineering traditions. These represents the luggage that was soon abandoned 
on the roadside, left as a marker stone to point out where I came from and to 
where I am reluctant to return. These traditions have been given their due 
respect in chapter 2. 

The thesis is in itself structured, more or less, following my learning 
process, pointing out historical research traditions influencing me, entering 
the first development project, reflecting upon it, laying the initial model, 
seeking support in the knowledge work practice, entering the second 
development project, reflecting upon it, elaborating upon the model, and 
evaluating it through the episodes. All form a continuous cycle of reflection 
and action, much in the Schönian tradition (Schön, 1983). 

It is difficult to claim that the different approaches described in chapter 
3.3, have influenced me in a certain order or manner, or to what degree they 
have influenced me. They have all been more predominating at one time or 
another. Participatory and action oriented influences may be best discerned in 
the project work, or in retrospect what it evolved into. 

I must admit the research process is not pure action research in the sense of 
Checkland Holwell (1998). I did not enter into a development situation to 
solve a problem, armed to my teeth with an explicit epistemology to guide me. 
No, the projects are of course used for triggering the design science research 
efforts of constructing the conceptual model. I have entered the projects in an 
action-oriented manner, in the spirit of a participatory design approach. 
However, the actual laying of the conceptual model has indeed been done 
more so within a design science spirit. 

In order to establish my conceptual model, the perspective of situated 
design, I have used my experience from two development projects, both 
thoroughly described in their respective chapters. The experience and insights 
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drawn from them form part of my framework of linked ideas that I bring with 
me forward into my research work. I have also been drawing upon three sets of 
literature sources. First, I have drawn upon sources of traditional development 
theories, to position myself and to clarify my point of departure. Second, I 
have drawn upon sources related to the participatory, evolutionary and the 
situated nature of design. Third, I have drawn upon sources related to the 
knowledge work to support and capture our understanding of how this context 
affects our design efforts and where phenomena such as situatedness, social 
learning, and knowing in practice are true realities. 

In sum, I have not followed a prescribed methodology in fulfilling my 
research ambitions. Rather, in retrospect, the methodology followed has been 
one of exploration, influenced and guided at one time or another by the 
research approaches I have described. However, it should not be impossible 
for an outside observer to recover my steps and relive this journey. The 
framework of theories used to support my endeavors, was not a fixed set of 
ideas from the beginning, but grew steadily and evolved during the course of 
this work. However, it is possible to discern the epistemological ground from 
which it grew, as the common denominator in all of them could be described 
as the situatedness, the socialness, the knowing in action, the tacitness, and 
the sense making of the designing practice. 

8.4.2 Situated research approaches 
One last issue I would like to reflect upon is where all of the research 
approaches fit within my frame, i.e. the conceptual model. It is obvious that 
throughout my work, in the projects, and in constructing the conceptual 
model, I have been influenced and guided by several research approaches, as 
described in chapter 3.3. 

Just as I have structured the thesis, more or less, according to my learning 
process throughout the work upon it, I may also say that the conceptual model 
encapsulates the same process. It represents at the same time my emerging 
understanding in congealed form. Therefore, I believe that as different 
research approaches have influenced me throughout this process so may they 
have left their mark upon the model. I would go so far as to say that working 
in a situated design context is to be influenced and guided by these 
approaches, see Figure 8-1. Thus, it would seem possible to relate the 
approaches to the model as such, to see where they are more predominant, 
how they are related to the different sub-worlds of a situated design practice. 
One could say that to perform situated design within the shared envisioned 
world seems to be predominantly oriented towards participatory design, as it 
shares many concerns as that of a participatory design approach. Likewise, one 
may see design science oriented approaches to be more predominant within 
the private interpreted world, and action research oriented approaches within 
the private reflective world. 
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Participatory design oriented Design science oriented

Action research oriented

PD/AR oriented DS/AR oriented

PD/DS oriented

The shared envisioned world
(conceptual practice)

The private interpreted world
(artificer practice)

The private experienced world
(enacted practice)

The situated designing world
(design practice)

 
Figure 8-1: Situated research approaches 

However, I do not think it is as obvious as that, it seems all too convenient, 
as if by design rather than as of natural consequences. Instead, it is the case 
where all the approaches have cross-fertilized one and another in varying 
degrees, just as I have described in chapter 3.3. Then, it would be more fitting 
to say that in the overlap between the private interpreted world and the shared 
envisioned world, where these two world blend and allow for transitions of 
design knowledge related to their concern, a cross fertilization between 
participatory design and design science oriented approaches seems to be more 
predominant. Likewise, I would say that in the overlap between the private 
experienced world of users and the private interpreted world of designers, a 
more action research and design science cross-fertilized orientation seems to 
be predominant. Finally, in the overlap between the shared envisioned world 
and the private experienced world, a more participatory design and action 
research cross-fertilized orientation seem to be predominant. These cross-
fertilizations of research approaches, as described in chapter 3.3, seem to share 
many of the same concerns as those that are brought forward through the 
conceptual model. The methodological implications of this are indeed worthy 
of investigation. Alas, I fear that such an investigation must be left as the seed 
for future work. There is simply not enough room within this thesis to give 
them the appropriate attention they deserve and demand. Nevertheless, I 
believe they are too important to neglect, as I see much potential in 
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recognizing how different research orientations or approaches may come to 
interact and strengthen each other both in and through a situated design 
practice. 

8.5 Contributions to practice 
The last issue I want to shortly reflect upon and discuss is that of professional 
adoption, i.e. how to reach out with the message to those professionals 
working in similar situations as that which gave birth to my conceptual model. 
How may my conceptual model of situated design come to serve those 
practitioners out there in their daily strive? How may it contribute to practice? 

One has only to refer to the study of the 20 system designers of Stolterman 
(1991b) to form an understanding of how professionals think about design 
and methods, and their role. The merging picture there is one that seems to 
indicate that an unproblematic introduction and reception of new models and 
ways of thinking is not an obvious course. It is not because of any lack of 
interest in theories or methods, but of their use. Of course, the study is some 
decades old, but much of the truths uncovered still hold true. The study of 
Clemmensen (2005) of 120 Danish usability experts, and the study of Rogers 
(2004) of 34 professional practitioners in the UK and US seem to indicate the 
same attitude. Mathiassen and Purao (2002) acknowledge the same fact, 
which is that practitioners seldom seem to follow methods. As Rogers (2004) 
dryly seem to comment, part of the dilemma is the availability nowadays of an 
ever-increasing plethora of competing theoretical approaches, making it 
difficult to determine which ones are the potentially most useful. The pressure 
to solve problems quickly, while at the same time wanting to ground one’s 
work theoretically stands in contrast to each other. Many models and methods 
might be far too complex or require too much time of training to be adopted 
quickly. 

So, how do I sell the message? Here Mathiassen and Purao (2002) 
provides an answer, that of pedagogical programs, to incorporate the theories 
into courses for students as to prepare the future practitioners. Mathiassen and 
Purao (2002) do not leave it at this, in their work they also suggest how this 
may be operationalized into academic settings. Here, much inspiration may be 
sought. I cannot help but to refer to Stolterman (2008) when he talks about 
that design education should serves to prepare future designers to be prepared 
for action rather than be guided in action. Conceptual models, such as mine, 
which provides new perspectives, language, and modes of thinking need to be 
incorporated into study program as to prepare future designers and developers 
so they are ready to act, not told how to act, least they run the risk of being 
shaken profoundly as I was in the case of the first development project. The 
issue of professional adoption, i.e. how to contribute to the practice, is an issue 
I believe is in need of future attention. 
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9. CONCLUSIONS 

In this thesis, I have argued for a perspective on the designing of computer-
based tools supporting knowledge work as a situated design practice. I have 
been compelled to do so because of what I have experienced through the 
development projects I have been involved in. The design situations I have 
encountered in these projects may be best characterized as explorative and 
iteratively interpreted. Here, approaching and understanding the work 
context, together with the users, has at best been a pursuit of the vision of the 
future system(or objective) that was guided by local circumstances, where the 
users had difficulties in expressing and understanding what it is they want and 
how they want it. The formal engineering (managerial) methods I had been 
trained in, had not prepared me for such situations. From my experience, the 
development work could not be reduced to an engineering endeavor based on 
a rationalistic perspective. 

The aim of the thesis has been twofold. First, I exposed a need for 
adopting a situated design perspective in designing computer-based tools that 
support knowledge work. Second, I examined what this perspective may 
mean, or reveal, to us concerning the mechanisms and workings involved, i.e. 
the nature of the processes and relations, within the design situation. I did this 
to understand better what it means, for both users and developers, to approach 
and capture the tacit knowing within the work context. To fulfill these aims I 
have drawn upon the experience and insights gained from two development 
projects as well as literature reviews. 

The situated design perspective is presented as a conceptual model of the 
design practice, highlighting its constituent worlds, processes, and relations. 
The model depicts designing as an explorative and sense-making process, 
navigating between what is wanted or envisioned and what may be negotiated 
and discovered. It emphasizes the importance of the artifact being designed as 
a means to capture, communicate, and discover what is possible in the work 
context. It recognizes that final goals are gradually more concretized as the 
understandings of the work context becomes more articulated and that final 
specifications are seen as natural stopping points when these converge. 
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The conceptual model makes visible several important aspects of the design 
practice. It reveals to those involved, i.e. users and developers as well as other 
stakeholders, how they are to understand and relate to the design process. It 
furthers the understanding of what to expect in terms of commitments and 
efforts that is involved in this kind of design work, including the nature of the 
roles and responsibilities of those involved. The model makes clear that the 
design process is highly situated, and that it cannot take place outside the 
work context because of interdependent relationships. It is designing within 
the living work context, not design for an objectified one. Thus, it cannot be 
planned as a pure engineering endeavor, but needs to be viewed as a situated 
practice. 

In the following section, I first summarize my main findings in concluding 
points. Then, in the last section, I turn my attention upon future issues that I 
have found need further attention and investigation. 

9.1 Present findings 
As I have argued throughout the thesis, building on my experience and 
findings of other scholars, there is a need to provide users and designers, 
engaged in the development and design of computer-based tools supporting 
knowledge work, with images and perspectives of such development work that 
goes beyond those of managerial project plans, milestones, and engineering 
endeavors. These are needed to better prepare those involved, as well as other 
stakeholders, with a sound respect of what such work demands and what is to 
be expected in the planning of such undertakings. 

The designing of computer-based tools supporting knowledge work does 
not only produce artifacts to be embedded in such a practice, but is, in all 
actuality, also situated within it. Hence, as argued in the above, design work 
comes to share many of the qualities of knowledge work, e.g. the situatedness, 
tacitness, the socialness, the unstructured nature of such work, and the 
conditions for how such work is performed. Different actors (users and 
designers) bring with them their private worlds of engagement into a common 
world of designing, where transitions of knowledge (design knowledge) occur 
whenever these worlds overlap. Designing in practice is an ongoing knowing 
in practice and only understandable within the context of the same. 

Central to design work in a knowledge work context is the evolving 
artifact, as a means to approach, make-sense of, and embody the practice, 
within which it will be an integral part. It is important to acknowledge the 
artifact as an instrument for exploring and reflecting upon the practice. There 
is no separation between the vision and the designed artifact. They are the 
same, in varying degree of materialized understanding, and convergence in this 
understanding by actors involved determines the natural points of delivery. 
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Finally, a conceptual model has been developed which I find is much 
needed to encapsulate the perspective of situated designing in explicit 
linguistic constructs to highlight its constituent worlds, processes, and 
relations. Thereby, it provides a means to focus attention and dress debate on 
what situated designing is, i.e. it provides the very instrument to name and 
distinguish phenomena. By using explicit concepts such as types of design 
engagements and processes of knowledge transitions, an operationalization of 
the model is enabled for studying and exploring other situations of situated 
designing. 

9.2 Future issues 
Here, I will shortly address some promising venues, or issues, to explore in 
future research. They concern those of evaluation, professional adoption, and 
research issues remaining to investigate. 

The first venue I wish to address is that of evaluating my model as a 
designed artifact beyond what has been achieved thus far in my thesis work. I 
have previously reflected upon and discussed this in chapter 8.3. However, I 
must reiterate that I need to bring my conceptual model back to similar 
application domains as those that gave birth to it. I need to do this in order to 
determine or question whether my model is adequate to further our 
understanding in other presented situations, and if the initial input to the 
construction of the conceptual model was complete. 

The second venue I wish to address is that of professional adoption, i.e. 
how to reach out with the message to those professionals working in similar 
situations as that which gave birth to the conceptual model. How can the 
model come to serve and benefit those out there in their daily strive? I have 
previously reflected upon and discussed this issue in chapter 8.5. There, I 
pointed out that one fruitful way is to incorporate conceptual models, such as 
mine, into study programs in order to prepare future designers and developers, 
i.e. making them ready to act. Here, I must stress that this issue is in need of 
future attention. 

The third venue I wish to address concerns issues remaining to investigate, 
that were not included in the thesis work. One has only to return to the 
limitations of the thesis discussed in chapter 1.5 to notice that my second 
limitation is indeed a ripe fruit to pluck. I had in the elaboration of my model, 
for the sake of reducing complexity, left out external stakeholders, and just 
focused upon those agents directly involved in the design situation. Now this 
would indeed be a natural inclusion point in future investigations and 
elaborations. Such future investigations and elaborations would also include 
power issues, such as those that might be gleaned from chapter 6.3.12 The 
first set back, and forward in the account of the second development project 
timeline. 
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The last venue I wish to address concerns the methodological issue pointed 
at in chapter 8.4.2, concerning how different research orientations or 
approaches, such as participatory design, action research, and design science, 
may come to interact and strengthen each other in and through a situated 
design practice, see Figure 8-1. The cross-fertilizations between these research 
approaches, as described in chapter 3.3, seem to share many of the same 
concerns as those that are brought forward through my conceptual model, and 
these, I believe, are indeed worthy of future investigations. 
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EPILOGUE 

“I had meant to make them an Edenic place, 
but since we left the one we had destroyed 
our only home became the night of space 
where no god heard us in the endless void. 
 
The firmament’s eternal mystery 
and wondrous physics of the constellations 
are law, but they are not the gospel of truth. 
Compassion flourishes at life’s foundations. 
 
We crashed into the Law’s precise command, 
and found our empty death in Mima’s dens. 
The god whom we had hoped for to the end 
sat wounded and profaned in Doric glens.” 
 
(Martinson, 1998, 102nd cantos) 





 

221 

Bibliography 
Many scholarly and literary sources have influenced my thinking and been 
inspirational to me in varying degrees in my research work throughout the 
years. All of these sources are far more than those that are actually referenced 
in the thesis. The reason for presenting many of them here is to show the 
breadth and nature of those sources that have come to impact and form me as 
a scholar and researcher in the research work presented in the thesis. 

 
Adler, P.S. (1990). Shared Learning. Management Science, 36(8), August, 938-957. 

Aidemark J., Eberhagen, N., & Sterner H. (2007). An evaluation of a KM diagnostic 
instrument. In Nummenmaa, J., & Söderström, E. (Eds.), Proceedings of the 6th 
International Conference on Perspectives in Business Information Research – BIR'2007, pp. 
7-21. Tampere, Finland: Department of Computer Sciences, University of Tampere. 

Aken van, J.E. (2004). Management Research Based on the Paradigm of Design Sciences: 
The Quest for Field-Tested and Grounded Technological Rules. Journal of 
Management Studies, 41(2), March, 119-246. 

Al-Najjar, B. (2010). Strategies for Maintenance Cost-effectiveness. In Holmberg, K., 
Adgar, A., Arnaiz, A., Jantunen, E., Mascolo, J., & Mekid, S. (Eds.), E-maintenance, 
303-350. London, UK: Springer. 

Al-Najjar, B., Andersson, D., & Jacobsson, M. (2007). A Model to Describe the 
Relationships Man-Machine-Maintenance-Economy (MMME). In proceedings of the 
International MultiConference of Engineers and computer Scientists, IMECS2007, 21-23 
March, Hong Kong, Vol. II, pp. 2127-2133. 

Al-Najjar, B., & Eberhagen, N. (2010). Dynamic and Cost-effective Maintenance 
Decisions. In Holmberg, K., Adgar, A., Arnaiz, A., Jantunen, E., Mascolo, J., & 
Mekid, S. (Eds.), E-maintenance, 351-395. London, UK: Springer. 

Alavi, M., & Leidner, D.E. (2001). Review: Knowledge Management and Knowledge 
Management Systems: Conceptual Foundations and Research Issues. MIS Quarterly, 
25(1), 107-136. 

Alter, S. (1999). A general, but useful theory of information systems. Communications of the 
Association for Information Systems, 1(3). 

Alter, S. (2006). The Work System Method: Connecting People, Processes, and IT for Business 
Results. Larkspur, CA: Work System Press. 

Alter, S. (2008). Defining information systems as work systems: implications for the IS 
field. European Journal of Information Systems, 17, 448-469. 

Alvesson, M., & Willmott, H. (2002). Identity Regulation as Organizational Control: 
Producing the Appropriate Individual. Journal of Management Studies, 39(5), 619-644. 

Amin, A., & Roberts, J. (2008). Knowing in action: Beyond communities of practice. 
Research Policy, 37, 353-369. 

Ancona, D.F., & Caldwell, D.G. (1990). Information technology and work groups: The 
case of new product teams. In Galegher, J., Kraut, R.E., & Egido, C. (Eds.), Intellectual 
teamwork: Social and technological foundations of cooperative work. Hillsdale, NJ: 
Lawrence Erlbaum Associates. 



 

222 

Andersen, H. (1994). Vetenskapsteori och metodlära (Scientific theory and methodology). 
Lund, Sweden: Studentlitteratur. 

Andriessen, D. (2007). Combining design-based research and action research to test 
management solutions. In 7th World Congress Action Learning, Action Research and 
process Management, Groningen, 22-24 August. 

Andriole, S.J., & Freeman, P.A. (1993). Software systems engineering: the case for a new 
discipline. IEEE Software Engineering Journal, 8(3), 165-179. 

Argyris, C., & Schön, D.A. (1978). Organizational Learning: A Theory of Action Perspectives. 
Reading: Addison-Wesley. 

Argyris, C., & Schön, D.A. (1991). Participatory Action Research and Action Science 
Compared: A Commentary. In, Whyte, W.F. (Ed.), Participatory Action Research, 85-
96. Newbury Park: Sage Publications. 

Ashforth, B.E., Kreiner, G.E., & Fugate, M. (2000). All in a Day's Work: Boundaries and 
Micro Role Transitions. The Academy of Management Review, 25(3), pp. 472-491. 

Asimov, I. (1996[1988]). Prelude to Foundation. London: HarperCollins. 

Avison, D., & Fitzgerald, G. (2006). Information systems development (4th Ed.). London: 
McGraw-Hill. 

Bandura, A. (1986). Social Foundations of Thought and Action: A Social Cognitive Theory. 
New York: Prentice Hall. 

Bansler, J. (1990). Systemutveckling: Teori och historia i ett skandinaviskt perspektiv (System 
development: Theory and history in a Scandinavian perspective). Lund: 
Studentlitteratur. 

Barley, S.R., & Orr, J.E. (1997). Between Craft and Science: Technical Work in US Settings. 
London: ILR Press. 

Baskerville, R., & Myers, M.D. (2004). Special Issue on Action Research in Information 
Systems: Making IS Research Relevant to Practice-Foreword. MIS Quarterly, 28(3), 
329-335. 

Baskerville, R., & Wood-Harper, A.T. (1996). A critical perspective on action research as a 
method for information systems research. Journal of Information Technology, 11, 235-
246. 

Baskerville, R., & Wood-Harper, A.T. (1998). Diversity in information system action 
research methods. European Journal of Information Systems, 7(2), 90-107. 

Beck, E.E. (2002). P for Political – Participation is Not Enough. Scandinavian Journal of 
Information Systems, 14(1), 77-92. 

Benbasat, I., Goldstein, D.K., & Mead, M. (1987). The Case Research Strategy in Studies 
of Information Systems. MIS Quarterly, 11(3), 369-386. 

Berente, N., & Lyytinen, K. (2006). The Iterating Artifact as a Fundamental Construct in 
Information System Design. In Hevner, A., & Chatterjee, S. (Eds.), Proceedings of the 
First International Conference on Design Science Research in Information Systems 
Technology (DESRIST 2006), 237-266. Claremont, CA, USA, 24-25 February 2006. 

Berger, P.L., & Luckmann, T. (1966). The Social Construction of Reality: A Treatise in the 
Sociology of Knowledge. New York: Anchor Books. 

Beyer, H., & Holtzblatt, K. (1998). Contextual design: defining customer-centered systems. San 
Francisco, CA: Morgan Kaufmann Publishers. 

Bjerknes, G., & Bratteteig, T. (1987). Florence in Wonderland: System development with 
nurses. In G. Bjerknes, P. Ehn, & M. Kyng (Eds.), Computers and Democracy – A 
Scandinavian Challenge, 279-295. Aldershot, UK: Avebury. 



 

223 

Bjerknes, G., & Bratteteig, T. (1995). User participation and democracy: a discussion of 
Scandinavian research on systems development. Scandinavian Journal of Information 
Systems, 7(1), 73-98. 

Blackler, F. (1995). Knowledge, Knowledge Work and Organizations: An Overview and 
Interpretation. Organization Studies, 16(6), 1021-1046. 

Blackler, F., Reed, M., & Whitaker, A. (1993). Epilogue: An Agenda for Research. Journal 
of Management Studies, 30(6), 851-886. 

Blum, F. (1955). Action Research – A Scientific approach? Philosophy of Science, 22(1), 1-7. 

Boehm, B. (1976). Software engineering. IEEE Transactions on Computers, C-25(12), 
1226-1241. 

Boehm, B. (1988). A Spiral Model of Software Development and Enhancement. IEEE 
Computer, 21(2), 61-72. 

Boland, R.J., Tenkasi, R.V., & Te’eni, D. (1994). Designing Information Technology to 
Support Distributed Cognition. Organization Science, 5(3), 456-475. 

Boland, R.J., & Tenkasi, R.V. (1995). Perspective Making and Perspective Taking in 
Communities of Knowing. Organization Science, 6(4), 350-372. 

Borthick, A.F. (2000). Analysis of Design from a Community of Practice Dialogue: 
Negotiating the Meaning of Auditing Information System Development. Journal of 
Information Systems, 14, 133-147. 

Boujut, J-F., & Blanco, E. (2003). Intermediary Objects as a Means to Foster Co-
operation in Engineering Design. Computer Supported Cooperative Work, 12, 205-219. 

Bowker, G.C., & Star, S.L. (2000). Sorting Things Out: Classification and Its Consequences. 
London, England: The MIT Press. 

Bratteteig, T. (2004). Making change: Dealing with relations between design and use. Doctoral 
thesis. Oslo, Norway: Department of Informatics, University of Oslo. 

Bratteteig, T., & Stolterman, E. (1997). Design in groups – and all that jazz. In Kyng, M., 
& Mathiassen, L. (Eds.). Computers and Design in Context, 289-316. Cambridge, MA: 
MIT Press. 

Brown, J.S., Collins, A., & Duguid, P. (1989). Situated cognition and the culture of 
learning. Educational Researcher, 18(1), 32-42. 

Brown, J.S., & Duguid, P. (1991). Organizational learning and communities of practice: 
towards a unified view of working, learning and innovation. Organization Science, 2(1), 
40-57. 

Brown, J.S., & Duguid, P. (1996). Keeping It Simple. In Winograd, T. (Ed.), Bringing 
Design to Software. New York: ACM Press. 

Brown, J.S., & Duguid, P. (1998). Organizing knowledge. California Management Review, 
40(3), 90-111. 

Brown, J.S., & Duguid, P. (2000). The Social Life of Information. Boston, MA: Harvard 
Business School Press. 

Burrell, G., & Morgan, G. (1979). Sociological Paradigms and Organizational Analysis. 
London, UK: Heinemann. 

Büscher, M., Gill, S., Mogensen, P., & Shapiro, D. (2001). Landscape of Practice: 
Bricolage as a Method for Situated Design, Computer Supported Cooperative Work, 10, 
1-28. 

Bødker, S. (1996). Creating Conditions for Participation: Conflicts and Resources in Systems 
Design. Human-Computer Interaction 11(3), 215-236. 



 

224 

Bødker, S., Christiansen, E., & Thüring, M. (1994). A Conceptual Toolbox for Designing 
CSCW Applications. DAIMI PB – 489. Aarhus, Denmark: Department of Computer 
Science, University of Aarhus. 

Bødker, S., Ehn, P., Knudsen, J.L., Kyng, M., & Madsen, K.H. (1988). In CSCW '88: 
Proceedings of the 1988 ACM conference on Computer-supported cooperative work, 377-394. 
New York: ACM. 

Bødker, S., Ehn, P., Romberger, S., & Sjögren, D. (Eds.) (1985). The UTOPIA Project: An 
alternative in text and images (Graffiti 7). Stockholm, Sweden; and Aarhus, Denmark: 
Swedish Center for Working Life, Royal Institute of Technology; and University of 
Aarhus. 

Bødker, K., Kensing, F., & Simonsen, J. (2004). Participatory IT Design: Designing for 
Business and Workplace Realities. Cambridge, Massachusetts: The MIT Press. 

Campbell, C.P. (1984). Procedures for developing and evaluating vocational training 
programs. Journal of Industrial Teacher Education, 21(41), 31-42. 

Cavaye, A.L.M. (1996). Case study research: a multi-faceted research approach for IS. 
Information Systems Journal, 6, 227-242. 

Chaiklin, S., & Lave, J. (Eds.) (1993). Understanding practice: perspectives on activity and 
context. Cambridge: Cambridge University Press. 

Checkland, P.B. (1981). System Thinking Systems Practice. Chichester, UK: Wiley. 

Checkland, P.B. (1988). Information systems and systems thinking: Time to unite? 
International Journal of Information Management, 8, 239-248. 

Checkland, P.B., & Holwell, S. (1998). Action Research: Its nature and validity. Systemic 
Practice and Action Research, 11(1), 9-21. 

Checkland, P.B., & Scholes, J. (1999). Soft Systems Methodology in Action: A 30-Year 
Retrospective. Chichester, UK: John Wiley & Sons. 

Chua, W.F. (1986). Radical Developments in Accounting Thought. The Accounting 
Review, 61, 601-632. 

Ciborra, C.U. (1992). From thinking to tinkering: the grassroots of strategic information 
systems, Information Society, 8 (4), p. 297-309. 

Clemmensen, T. (2005). Community Knowledge in an Emerging Online Professional 
Community: The Case of Sigchi.dk. Knowledge and Process Management, 12(1), 43-52. 

Conklin, J. (2005). Dialogue Mapping: Building Shared Understanding of Wicked Problems. 
London, UK: Wiley. 

Constant, D., Kiesler, S., & Sproull, L. (1994). What’s Mine Is Ours, or Is It? A Study of 
Attitudes about Information Sharing. Information System Research, 5(4), 400-421. 

CPSR (2011). CPSR – Computer Professionals for Social Responsibility. Last accessed October 
24, 2011, at http://cpsr.org/ 

Cresswell, J.W. (2009). Research Design: Qualitative, Quantitative, and Mixed Methods 
Approaches (3rd Ed.). Thousand Oaks, CA: Sage Publications. 

Cross, R., Parker, A., Prusak, L., & Borgatti, S.P. (2001). Knowing What We Know: 
Supporting Knowledge Creation and Sharing in Social Networks. Organizational 
Dynamics, 30(2), 100-120. 

Culnan, M.J. (1987). Mapping the intellectual Structure of Management Information 
Systems, 1980-1985: A Co-citation Analysis. MIS Quarterly, 10, 341-353. 

Dahlbom, B., & Mathiassen, L. (1993). Computers in Context: The Philosophy and Practice of 
Systems Design. Cambridge, MA: Blackwell. 



 

225 

Dakhli, S., & Chouikha, M. (2009). The Knowledge-Gap Reduction in Software 
Engineering. IEEE, Third International Conference on Research Challenges in Information 
Science, 287-294. 

Darke, P., Shanks, G., & Broadbent, M. (1998). Successfully completing case study 
research: combining rigour, relevance, and pragmatism. Information Systems Journal, 8, 
273-289. 

Davenport, T.H., Jarvenpaa, S.L., & Beers, M.C. (1996). Improving Knowledge Work 
Processes. Sloan Management Review, 37(4), 53-65. 

Davenport, T.H, & Prusak, L. (1998). Working Knowledge: How Organizations Manage 
What They Know. Boston, Massachusetts: Harvard Business School Press. 

DeGrace, P., & Hulet-Stahl, L. (1990). Wicked Problems, Righteous Solutions: A Catalogue of 
Modern Software Engineering Paradigms. Yourdon/Prentice-Hall. 

Denning, P., & Dargan, P. (1996). Action-Centered Design. In Winograd, T. (Ed.), 
Bringing Design to Software. New York: ACM Press. 

Dijkstra, E.W. (1989). On the cruelty of really teaching computer science. ACM 
Communications, 32, 1398-1404. 

Dittrich, Y., Floyd, C., & Klischewski, R. (Eds.) (2002). Social Thinking-Software Practice. 
Cambridge, MA: MIT Press. 

Dixon, N.M. (2000). Common knowledge: how companies thrive by sharing what they know. 
Boston, MA: Harvard Business School Press. 

Drucker, P. (1988). The Coming of the New Organization. Harvard Business Review, 
January-February, 45-53. 

Dynamite (2011). Dynamite – Dynamic Decisions in Maintenance. Last accessed October 24, 
2011, at http://dynamite.vtt.fi/ 

Eberhagen, N. (1995). Informationsorganisering och beslutsstödssystem – Delphiprojektet 
(Information organization and decision support systems – The Delphi project). Working 
paper within the Information Management Group’s project, IMG-WP-36. Växjö, 
Sweden: Department of Mathematics, Statistics and Computer Science, Växjö 
University. 

Eberhagen, N. (2000a). On the conceptualization of support systems for the exchange of 
experiential knowledge between communities of practice. In Eberhagen, N., & 
Lundberg, B.G. (Eds.), Proceedings of the Workshop on Emerging Issues in Computer and 
Systems Sciences. Stockholm, Sweden: Department of Computer and Systems Sciences, 
Stockholm University/Royal Institute of Technology. 

Eberhagen, N. (2000b). On the actualization of support systems for exchanging knowledge 
within communities of practice. In Remenyi, D. (Ed.), First European Conference on 
Knowledge Management, 187-194. Reading, UK: Management Centre International 
Limited. 

Eberhagen, N. (2001). Support systems for knowledge sharing within a social learning 
context: a research proposal. In Bubenko Jr., J. (Ed.), Conference for the Promotion of 
Research in IT at New Universities and at University Colleges in Sweden: Part II – Research 
Planning Contributions, 39-43. Ronneby, Sweden: The Knowledge Foundation. 

Eberhagen, N. (2002). On the Design of Support Systems for Knowledge Sharing within a 
Social Learning and Sharing Context. In Song, K.P., Zhao, X.D., & Liu, B. (Eds.), 
Proceedings of the First International Conference on Information and Management Science, 
380-389. Series of Information Management and Management Sciences, Vol. 1. USA: 
California Polytechnic State University. 



 

226 

Eberhagen, N. (2003a). The KSL Project Supporting Knowledge Sharing and Learning 
Within a Social Learning Context: The Case of Security Analysis Work. In Bubenko 
Jr., J., & Rapp, B. (Eds.), Promote IT 2003 – 3rd Conference for The Promotion of research 
in IT at New Universities and University Colleges in Sweden. Visby, Sweden: The 
Knowledge Foundation and Gotland University. 

Eberhagen, N. (2003b). Guiding and balancing the development of support systems for 
knowledge sharing and learning within social contexts. In McGrath, F., & Remenyi, 
D. (Eds.), Fourth European Conference on Knowledge Management, 285-292. Reading, 
UK: Management Centre International Limited. 

Eberhagen, N. (2004). Capturing that “tacitness” of work practice: Implications to IS-
design from a social learning perspective. In Röck, H. (Ed.), Perspectives in Business 
Informatics Research: Proceedings of the BIR-2004 Conference, 57-71. Aachen, Germany: 
Shaker Verlag. 

Eberhagen, N. (2005). Capturing that “Tacitness” of Work Practice: Looking at an IS-
Design Process from a Social Learning Perspective. In Bubenko Jr., J., Eriksson, O., 
Fernlund, H., & Lind, M. (Eds.), Promote IT 2005 – Proceedings of the Fifth Conference 
for the Promotion of Research in IT at New Universities and Universities Colleges in 
Sweden, 129-138. Lund, Sweden: Studentlitteratur. 

Eberhagen, N. (2006). Implications to IS-design from a social learning perspective. In 
Carlsson, S., Cronqvist, B., Kjellin, H., & Wrangler, B. (Eds.), Knowledge in 
Organizations I: Development and Design, Systems and Applications, Foundations and 
Methodologies, 39-56. Skövde University Studies in Informatics (SUSI), 2006:1. Lund, 
Sweden: Studentlitteratur. 

Eberhagen, N., & Aidemark, J. (2010). Surfing the wave – organizational learning and 
wikis. In Gomez, R., & Stillman, L., Vision and Reality in Community Informatics. 
CIRN-DIAC Conference Proceedings: Prato, Italy 27-29 October 2010. CCNR Monash 
University, Information School, University of Washington. 

Ehn, P. (1988). Work Oriented Design of Computer Artifacts. Stockholm, Sweden: Almqvist 
& Wiksell. 

Ehn, P. (1993). Scandinavian Design: on Participation and Skill. In Schuler, D., & 
Namioka, A. (Eds.), Participatory Design. Principles and Practices, 41-77. Hillsdale, NJ: 
Lawrence Erlbaum Associates. 

Ehn, P. (1995). Informatics – Design for Usability. In Dahlbom, B. (Ed.), The Infological 
Equation: Essays in Honor of Börje Langefors. Gothenburg Studies in Information 
Systems, Report 6. Gothenburg: Sweden: Gothenburg University. 

Ehn, P. (2008). Participation in Design Things. In Proceedings of the Tenth Anniversary 
Conference on Participatory Design 2008, 92-101. 

Ehn, P., & Kyng, M. (1987). The Collective Resource Approach to Systems Design. In 
Bjerknes, G., Ehn, P., & Kyng, M. (Eds.), Computers and Democracy – A Scandinavian 
Challenge, 17-58. Aldershot, UK: Avebury. 

Fallman, D. (2003). Design-oriented Human-Computer Interaction. In Proceedings of the 
SIGCHI Conference on Human Factors in Computing Systems, 225-232. New York: ACM 
Press. 

Farhoomand, A.F. (1992). Scientific Progress of Management Information Systems. In 
Galliers, R. (Ed.), Information systems research: issues, methods and practical guidelines, 93-
111. Oxford, UK: Blackwell Scientific Publications. 

Fenwick, T. (2008). Understanding Relations of Individual-Collective Learning in Work: 
A Review of Research. Management Learning, 39(3), 227-243. 



 

227 

Fitzpatrick, G. (2003). The Locales Framework: Understanding and Designing for Wicked 
Problems. London, UK: Kluwer Academic Publishers. 

Floyd, C. (1984). A systematic look at prototyping. In, Budde, R. (Ed.), Approaches to 
Prototyping: Proceedings of the Working conference on prototyping, 1-18. Berlin: Springer 
Verlag. 

Floyd, C., Mehl, W.-M., Reisin, F.-M., Schmidt, G., & Wolf, G. (1989). Out of 
Scandinavia: Alternative Approaches to Software Design and System Development. 
Human-Computer Interaction, 4(4), 253-350. 

Floyd, C., Züllighoven, H., Budde, R., & Keil-Slawik, R. (Eds.) (1992). Software 
development and reality construction. Berlin: Springer. 

Foth, M., & Axup, J. (2006). Participatory Design and Action Research: Identical Twins 
or Synergetic Pair? In, Jacucci, G., Kensing, F., Wagner, I., & Blomberg, J. (Eds.), 
Proceedings Participatory Design Conference 2006: Expanding Boundaries in Design, 2, 93-
96. Trento, Italy. 

Galliers, R.D. (1985). In search of a paradigm for information systems research. In 
Mumford, E., Hirschheim, R., Fitzgerald, G., & Wood-Harper, A.T. (Eds.), Research 
Methods in Information Systems, 281-297. 

Galliers, R.D. (1992). Choosing Information Systems Research Approaches. In Galliers, R. 
(Ed.), Information systems research: issues, methods and practical guidelines, 144-162. 
Oxford, UK: Blackwell Scientific Publications. 

Gero, J.S. (1990). Design prototypes: A knowledge representation schema for design. AI 
Magazine, 11(4), 26-36. 

Gero, J.S., & Kannengiesser, U. (2004). The situated function-behaviour-structure 
framework, Design Studies, 25(4), 373-391. 

Gero, J.S., & Kannengiesser, U. (2008). An ontology of Donald Schön’s reflection in 
designing, International Journal of Design Science and Technology, 15(2), 77-90. 

Giddens, A. (1984). The Constitution of Society: Outline of the Theory of Structure. Berkeley, 
CA: University of California Press. 

Goodman, P.S., & Darr, E.D. (1998). Computer-Aided Systems and Mechanisms for 
Organizational Learning in Distributed Environments. MIS Quarterly, 22(4), 417-440. 

Greenbaum, J., & Kyng, M. (Eds.) (1991). Design at Work: Cooperative Design of Computer 
Systems. Hillsdale, NJ: Lawrence Erlbaum Associates. 

Gregor, S. (2006). The Nature of Theory in Information Systems. MIS Quarterly, (3)30, 
611-642. 

Gregor, J., & Jones, D. (2007). The Anatomy of a Design Theory. Journal of the Association 
for Information Systems, 8(5), 312-335. 

Gregory, R.W. (2010). Design Science Research and the Grounded Theory Method: 
Characteristics, Differences, and Complementary Use. In, Johnson, R., & de Villiers, 
C. (Eds.), the proceedings of the 18th European Conference on Information Systems. 
Pretoria, South Africa. 

Grønbæk, K., Kyng, M., & Mogensen, P. (1997). Toward a Cooperative Experimental 
System Development Approach. In Kyng, M., & Mathiassen, L. (Eds.), Computers and 
Design in Context, 201-238. MIT Press. 

Handley, K., Sturdy, A., Fincham, R., & Clark, T. (2006). Within and Beyond 
Communities of Practice: Making Sense of Learning through Participation, Identity 
and Practice. Journal of Management Studies, 43(3). 



 

228 

Handley, K., Sturdy, A., Fincham, R., & Clark, T. (2007). Researching Situated Learning: 
Participation, Identity and Practices in Client-Consultant Relationships. Management 
Learning, 38(2), 173-191. 

Hardless, C. (2005). Designing Competence Development Systems, (Doctoral Dissertation, 
Gothenburg Studies in Informatics, Report 32). Gothenburg, Sweden: Gothenburg 
University. 

Hardless, C., & Lindgren, R. (2005). A Situated Learning Design Framework for 
Competence Development Systems. In Proceedings of the Sixth European Conference on 
Organizational Knowledge Learning and Capabilities (OKLC). Boston, USA. 

Hardless, C., Lindgren, R., & Schultze, U. (2007). Technology-Mediated Learning 
Systems for Project Work. Scandinavian Journal of Information Systems, 19(2), 3-36. 

Hayes, H., & Walsham, G. (2001). Participation in groupware-mediated communities of 
practice: a socio-political analysis of knowledge working. Information and Organization, 
11(4), 263-288. 

Herrington, J., & Oliver, R. (2000). An instructional design framework for authentic 
learning environments. Educational Technology Research and Development, 48(33), 23-
48. 

Hevner, A.R. (2007). A Three Cycle View of Design Science Research. Scandinavian 
Journal of Information Systems, 19(2), 87-92. 

Hevner, A.R., March, S.T., Park, J., & Ram, S. (2004). Design Science in Information 
Systems Research. MIS Quarterly, 28(1), 75-105. 

Hirschheim, R., & Klein, H.K. (1989). Four paradigms of information systems 
development. Communications of the ACM, 32(10), 1199-1216. 

Hirschheim, R., Klein, H.K., & Lyytinen, K. (1995). Information systems development and 
data modelling: conceptual and philosophical foundations. Cambridge: Cambridge 
University Press. 

Hoffer, J.A., & Valacich, J.S. (1993). Group Memory in Group Support Systems: A 
Foundation for Design. In Jessup L.M., & Valacich, J.S. (Eds.), Group Support Systems: 
New Perspectives, 214-229. New York: Macmillan Publishing Company. 

Holmberg, K., Adgar, A., Arnaiz, A., Jantunen, E., Mascolo, J., & Mekid, S. (Eds.) 
(2010). E-maintenance. London, UK: Springer. 

Holstrum, G.L. (2000). Discussion of Analysis of Design from a Community of Practice 
Dialogue: Negotiating the Meaning of Auditing Information System Development. 
Journal of Information Systems, 14, 149-157. 

Holtzblatt, K., & Jones, S. (1993). Contextual Inquiry: A Participatory Technique for 
System Design. In Schuler, D., & Namioka, A. (Eds.), Participatory Design: Principles 
and Practices, 177-210. Hillsdale, NJ: Lawrence Erlbaum Associates. 

Hooker, J.N. (2004). Is Design Theory Possible? Journal of Information Technology Theory 
and Application, 6(2), 73-83. 

Huber, G.P. (1991). Organizational Learning: The Contributing Processes and the 
Literatures. Organization Science, 2(1), 88-115. 

Hughes, J.A., O’Brien, J., Rodden, T., Rouncefield, M., & Blythin, S. (1997). Designing 
with ethnography: a presentation framework for design. In Coles, S. (Ed.), Proceedings 
of the 2nd Conference on Designing interactive Systems: Processes, Practices, Methods, and 
Techniques, 147-158. New York, NY: ACM Press. 

Hult, L., Irestig, M., & Lundberg, J. (2006). Design Perspectives. HUMAN-COMPUTER 
INTERACTION, 21, 5-48. 



 

229 

Husserl, E. (1978[1970]). The crisis of European sciences and transcendental phenomenology: an 
introduction to phenomenological philosophy. Evanston: Northwestern U.P. 

Hutchins, E. (1990). The technology of team navigation. In Galegher J., Kraut, R.E., & 
Egido, C. (Eds.), Intellectual teamwork: Social and technological foundations of cooperative 
work. Hillsdale, NJ: Lawrence Erlbaum Associates. 

Hutchins, E. (1991). Organizing work by adaptation. Organization Science, 2, 14-19. 

Hutchins, E. (1995). Cognition in the Wild. Cambridge, MA: The MIT Press. 

Huysman, M., De Wit, D., & Andriessen, E. (1999). A Critical Evaluation of the Practice 
of Knowledge Management. In Proceedings of the 6th European Conference on Computer 
Supported Cooperative Work. Copenhagen, Denmark. 

Ibarra, H. (1999). Provisional Selves: Experimenting with Image and Identity in 
Professional Adaptation. Administrative Science Quarterly, 44, 764-791. 

Iivari, J. (2007). A Paradigmatic Analysis of Information Systems As a Design Science. 
Scandinavian Journal of Information Systems, 19(2), 39-64. 

Iivari, J., & Lyytinen, K. (1998). Research on Information Systems Development in 
Scandinavia – Unity in Plurality. Scandinavian Journal of Information systems, 10(1-2), 
135-186. 

Iivari, J., & Venable, J. (2009). Action Research and Design Science Research – Seemingly 
similar but decisively dissimilar. In 17th European Conference on Information Systems 
(ECIS). 

Ingwald, A., Kans, M., & Al-Najjar, B. (2004). A database model supporting a 
maintenance decision support system for monitoring and assessing the technical and 
financial condition of a production process. In the Proceedings of MIMAR 2004 – 5th 
IMA International Conference on Modelling in industrial maintenance and reliability: 
Impact on practice. 

Ingwald, A., & Al-Najjar, B. (2006). System for monitoring machines financial and 
technical effectiveness. In the conference proceedings of Condition monitoring and 
diagnostic engineering management (COMADEM06), 12-15 June, Luleå, Sweden. 

Jansson, M. (2007). Participation, knowledges and experiences: design of IT-systems in e-home 
health care (dissertation). Luleå, Sweden: Luleå University of Technology. 

Jansson, M., Mörtberg, C., Mirijamdotter, A. (2008). Participation in e-Home Healthcare 
@ North Calotte. In Proceedings of the 5th Nordic Conference on Human-Computer 
Interaction, NordiCHI 2008: Building Bridges, 192-200. Association for Computing 
Machinery. 

Jenkins, M.A. (1985). Research methodologies and MIS research. In Mumford, E., 
Hirschheim, R., Fitzgerald, G., & Wood-Harper, A.T. (Eds.), Research Methods in 
Information Systems, 103-117. 

Jones, D., Gregor, S., & Lynch, T. (2003). An information systems design theory for web-
based education. IASTED International Symposium on Web-based Education. Rhodes, 
Greece. 

Järvinen, P. (2007). Action Research is Similar to Design Science. Quality & Quantity, 41, 
37-54. 

Jönsson, S. (1991). Action research. In Nissen, H-E., Klein, H.K., & Hirschheim, R. 
(Eds.), Information systems research: contemporary approaches and emergent traditions, 371-
396. Amsterdam: North-Holland. 

Keen, P. (1991). Relevance and Rigor in Information Systems Research: Improving 
Quality, Confidence, Cohesion and Impact. In Nissen, H-E., Klein, H.K., & 



 

230 

Hirschheim, R. (Eds.), Information Systems Research: Contemporary Approaches and 
Emergent Traditions, 27-49. Amsterdam: North-Holland. 

Keen, P.G., & Scott Morton, M. (1978). Decision Support Systems: An Organizational 
Perspective. Reading, Massachusetts: Addison-Wesley. 

Kensing, F., & Munk-Madsen, A., (1993). PD: Structure in the toolbox. Communications 
of the ACM, 36(4), 78-84. 

Klein, H., & Myers, M. (1999). A set of principles for conducting and evaluating 
interpretive field studies in Information Systems. MIS Quarterly, 23(1), 67-94. 

Kolb, D.A., (1984). Experiential Learning: Experiences as the Source of Learning and 
Development. Englewood Cliffs, NJ: Prentice Halls. 

Kroenke, D.M. (2008). Experiencing MIS. Upper Saddle River, NJ: Prentice-Hall. 

Kuhn, T.S. (1970). The Structure of Scientific Revolution. Chicago: The University of 
Chicago Press. 

Kyng, M., & Mathiassen, L. (Eds.) (1997). Computers and Design in Context. Cambridge, 
MA: MIT Press. 

Langefors, B. (1980). Infological models and information user views. Information Systems, 
5, 17-32. 

Lave, J. (1988). Cognition in Practice. Cambridge: Cambridge University Press. 

Lave, J. (1991). Situating Learning in Communities of Practice. In Resnick, L.B., Levine, 
J.M., & Teasley, S.D. (Eds.), Perspectives on Socially Shared Cognition. Washington, 
DC: American Psychological Association. 

Lave, J. (2004). Communities of Practice as Inter-Generational Relations. Keynote speech at 
the Fifth Organizational Knowledge, Learning and Capabilities Conference. Austria: 
University of Innsbruck. 

Lave, J., & Wenger, E. (1991). Situated learning: Legitimate peripheral participation. 
Cambridge: Cambridge University Press. 

Lee, C.P. (2007). Boundary Negotiating Artifacts: Unbinding the Routine of Boundary 
Objects and Embracing Chaos in Collaborative Work. Computer Supported Cooperative 
Work, 16, 307-339. 

Leidner, D.E., & Jarvenpaa, S.L. (1995). The Use of Information Technology to Enhance 
Management School Education: A Theoretical View. MIS Quarterly, 19(3), 265-291. 

Lévi-Strauss, C. (1966). The Savage Mind. Chicago: University of Chicago Press. 

Levitt, B., & March, J. (1988). Organizational Learning. Annual Review of Sociology, 14, 
31-40. 

Lewin, K. (1947). Frontiers in Group Dynamics: II. Channels of Group Life; Social 
Planning and Action Research. Human Relations, 1(1), 143-153. 

Lindley, D.V. (1985). Making Decisions (2nd Ed.). London, UK: Wiley. 

Lindgren, R., Henfridsson, O., & Schultze, U. (2004). Design Principles for Competence 
Management Systems: A Synthesis of an Action Research Study. MIS Quarterly, 28(3), 
435-472. 

Lindkvist, L. (2005). Knowledge Communities and Knowledge Collectives: A Topology of 
Knowledge Work in Groups. Journal of Management Studies, 42(6). 

Lueg, C., & Pfeifer, R. (1997). Cognition, Situatedness, and Situated Design, In the 
Proceedings of the Second International Conference on Cognitive Technology, 124-135. Aizu: 
IEEE. 



 

231 

Löwgren, J., & Stolterman, E. (2004). Thoughtful Interaction Design – A Design Perspective 
on Information Technology. Cambridge, MA: The MIT Press. 

Maaß, S., & Oberquelle, H. (1992). Perspectives and metaphors for human-computer 
interaction. In Floyd, C., Züllighoven, H., Budde, R., & Keil-Slawik, R. (Eds.), 
Software-development and reality construction, 233-251. Berlin: Springer. 

March, S.T., & Smith, G.F. (1995). Design and natural science research on information 
technology. Decision Support Systems, 15, 251-266. 

March, S.T., & Storey, V. (2008). Design science in Information Systems Discipline: an 
introduction to the special issue on design science research. MIS Quarterly, 32(4), 725-
730. 

Markus, M.L, Majchrzak, A., & Gasser, L. (2002). A Design Theory for Systems That 
Support Emergent Knowledge Processes. MIS Quarterly, 26(3), 179-212. 

Martinson, H. (1998). Aniara: a review of man in time and space. Ashland OR: Story Line 
Press. 

Mascolo, J., Nilsson, P., Iung, B., Levrat, E., Voisin, A., Garramiola, F., & Bellew, J. 
(2010). Industrial Demonstrations of E-maintenance Solutions. In Holmberg, K., 
Adgar, A., Arnaiz, A., Jantunen, E., Mascolo, J., & Mekid, S. (Eds.), E-maintenance, 
303-350. London, UK: Springer. 

Mathiassen, L. (1998). Reflective Systems Development. Scandinavian Journal of 
Information Systems, 10(1&2), 67-118. 

Mathiassen, L., & Purao, S. (2002). Educating reflective system developers. Information 
Systems Journal, 12, 81-102. 

Maturana, H.R., & Varela, F.J. (1992). The tree of knowledge: the biological roots of human 
understanding (Rev. Ed.). Boston: Shambhala. 

MIMOSA (2011). MIMOSA – An Operations and Maintenance Information Open System 
Alliance. Last accessed October 24, 2011, at http://www.mimosa.org/ 

Mintzberg, H (1979). An Emerging Strategy of “Direct” Research. Administrative Science 
Quarterly, 24, 582-589. 

Molander, B. (1996). Kunskap i handling, (Knowledge in action). Gothenburg, Sweden: 
Daidalos. 

Morrison, A., Stuedahl, D., Mörtberg, C., Wagner I., Liestøl, G., & Bratteteig, T. (2010). 
Analytical Perspectives. In, Wagner, I., Bratteteig, T., & Stuedahl, D. (Eds.), Exploring 
Digital Design: Multi-Disciplinary Design Practices, 55-103. London: Springer-Verlag. 

Mumford, E. & Henshall, D. (1979). Designing participatively: a participative approach to 
computer systems design : a case study of the introduction of a new computer system. 
Manchester, UK: Manchester Business School. 

Muller, M.J. (2003). Participatory Design: the third space in HCI. In Jacko, J.A., & Sears, 
A. (Eds.), The human-computer interaction handbook: fundamentals, evolving technologies 
and emerging applications, 1051-1068. Hillsdale, NJ: Lawrence Erlbaum Associates 

Müller, M., & Pfeifer, R. (1997). Developing effective computer systems supporting 
knowledge intensive work: Situated design in a paper mill. In Mehdi, K., & Liebowitz, 
J. (Eds.), Cases in Information Technology Management in Modern Organizations, 225-
249. Hershey, Pa., USA: Idea Group. 

Myers, M.D., & Avison, D. (2002). Qualitative Research in Information Systems. London, 
UK: Sage Publications Ltd. 

Mörtberg, C., Bratteteig, T., Wagner, I., Stuedahl, D., & Morrison, A. (2010). Methods 
That Matter in Digital Design Research. In Wagner, I., Bratteteig, T., & Stuedahl, D. 



 

232 

(Eds.), Exploring digital design: multi-disciplinary design practices, 105-144. London, 
UK: Springer-Verlag. 

Newell, S., Robertson, M., Scarbrough, H., & Swan, J. (2002). Managing Knowledge Work. 
Basingstoke: Palgrave. 

Nissen, H-E. (1998). Quo Vadis: Scandinavian Information Systems Development 
Research? Scandinavian Journal of Information Systems, 10(1&2), 193-204. 

Nonaka, I. (1994). A Dynamic Theory of Organizational Knowledge Creation. 
Organization Science, 5(1), 14-37. 

Nonaka, I., & Takeuchi, H. (1995). The Knowledge Creating Company: How Japanese 
Companies Create the Dynamics of Innovation. New York: Oxford University Press. 

Norman, D.A. (1993). Things that make us smart: defending human attributes in the age of the 
machine. Reading: Addison-Wesley. 

Norman, D.A. (1999). Affordance, conventions, and design. Interactions, 6(3), 38-43. 

Norman, D.A. (2002). The design of everyday things. New York: Basic Books. 

Nunamaker, J.F. Jr., Chen, M., & Purdin, T.D.M. (1990). Systems Development in 
Information Systems Research. Journal of Management Information Systems, 7(3), 89-
106. 

Nurminen, M. (1987). Different perspectives: What are they and how can they be used? In 
Docherty, P., Fuchs-Kittowski, K., Kolm, P., & Mathiassen, L. (Eds.), System design 
for human development and productivity: Participation and beyond. Amsterdam: North 
Holland. 

Nurminen, M. (1988). People or computers: Three ways of looking at information systems. 
Lund, Sweden: Studentlitteratur. 

Nygaard, K. (1975). Kunnskaps-strategi for fagbevegelsen (Knowledge strategy for trade 
unions). Nordisk Forum 6, 10(2), 15-27. 

Nygaard, K., & Sørgaard, P. (1987). The perspective concept in informatics. In Bjerknes, 
G., Ehn, P., & Kyng, M. (Eds.), Computers and democracy: A Scandinavian challenge, 
371-393. Aldershot: Abury. 

O’Brien, R. (1998). An Overview of the Methodological Approach of Action Research. Toronto: 
University of Toronto. 

Orlikowski, W.J. (2002). Knowing in Practice: Enacting a Collective Capability in 
Distributed Organizing. Organization Science, 13(3), 249-273. 

Orlikowski, W.J., & Baroudi, J.J. (1991). Studying Information Technology in 
Organizations: Research Approaches and Assumptions. Information Systems Research, 
2(1), 1-28. 

Orlikowski, W.J., & Iacono, S. (2001). Desperately Seeking the IT in IT Research: A Call 
to Theorizing the IT Artifact. Information Systems Research, 12(2), 121-124. 

Orr, J.E. (1990). Sharing knowledge, celebrating identity: Community memory in a service 
culture. In Middleton, D., & Edwards, D. (Eds.), Collaborative remembering. London, 
UK: Sage. 

Orr, J.E. (1996). Talking about Machines: An Ethnography of a Modern Job. Ithaca, NY: ILR 
Press. 

Park, R.E., & Burgess, E. (1921). Introduction to the science of sociology. Chicago: University 
of Chicago Press. 

Park, R.E. (1936). Human Ecology. The American Journal of Sociology, 32. 



 

233 

Patel, R., & Davidson, B. (1991). Forskningsmetodikens grunder: Att planera, genomföra och 
rapportera en undersökning, (Foundations of research methodology: Planning, 
implementing, and reporting on an investigation). Lund, Sweden: Studentlitteratur. 

Pentland, B.T. (1997). Bleeding edge epistemology: Practical problem solving in software 
support hot lines. In Barley, S.R., & Orr, J.E. (Eds.), Between craft and science: Technical 
work in U.S. settings. Ithaca, NY: ILR Press. 

Polanyi, M. (1958). Personal Knowledge: Towards a Post-Critical Philosophy. Chicago: The 
University of Chicago Press. 

Polanyi, M. (1967). The Tacit Dimension. New York: Doubleday. 

Pries-Heje, L., & Dittrich, Y. (2009). ERP implementation as design: Looking at 
participatory design for means to facilitate knowledge integration. Scandinavian Journal 
of Information Systems, 21(2), 27-58. 

Raven, A. (1999). Knowledge Management for new Product Development Meetings: the Roles 
of Information Technology, (Doctoral Dissertation). Marshall School of Business 
Administration, University of Southern California. 

Reedy, P. (2003). Together We Stand? An Investigation into the Concept of Solidarity in 
Management Education. Management Learning, 34(1), 91-110. 

Reffat, R.M., & Gero, J.S. (1999). Situatedness: A new dimension for learning systems in 
design. In Brown, A., Knight, M., & Berridge, P. (Eds.), Architectural Computing from 
Turing to 2000, 252-261. Liverpool: University of Liverpool. 

Reich, R.B. (1991). The Work of Nations: Preparing ourselves for 21st-century capitalism. 
London: Simon & Schuster. 

Ricœur, P. (1991). From text to action: Essays in Hermeneutics, II. Evanston, Ill.: 
Northwestern University Press. 

Rittel, H.J., & Webber, M.M. (1984). Planning problems are wicked problems. In Cross, 
N. (Ed.), Developments in design methodology, 135-144. Chichester, UK: Wiley. 

Rogers, Y. (2004). New Theoretical approaches for Human-Computer Interaction. Annual 
Review of Information, Science and Technology, 38, 87-143. 

Roth, J., Sandberg, R., & Svensson, C. (2004). The Dual Role of the Insider Action 
Researcher. In Adler, N.B., (Rami) Shani, A.B., & Styhre, A. (Eds.), Collaborative 
Research in Organizations: Foundations for Learning, Change, and Theoretical 
Development, 117-134. Thousand Oaks, CA: Sage Publications. 

Runardotter, M. (2009). On Organizing for Digital Preservation, (Doctoral thesis). Lulea, 
Sweden: Department of Business Administration and Social Sciences, Lulea University 
of Technology. 

Sabiescu, A.G. (2010). Thinking from the Inside: Participatory Action Research as a 
Bridge to the Locale in Community Informatics Work. In Gomez, R., & Stillman, L., 
Vision and Reality in Community Informatics. CIRN-DIAC Conference Proceedings: Prato, 
Italy 27-29 October 2010. CCNR Monash University, Information School, University 
of Washington. 

Sandberg, A. (1983). Trade union-oriented research for democratization of planning work 
life – problems and potentials. Journal of Occupational Behavior, 4(1), 59-71. 

Scarbrough, H. (1999a). Knowledge as Work: Conflicts in the Management of Knowledge 
Workers. Technology Analysis & Strategic Management, 11(1), 5-17. 

Scarbrough, H. (1999b). The Management of Knowledge Workers. In Currie, W., & 
Galliers, R. (Eds.), Rethinking Management Information Systems: An Interdisciplinary 
Perspective, 474-496. Oxford: Oxford University Press. 



 

234 

Schecter, D. (1991). Critical Systems Thinking in the 80s: A Connective Summary. In 
Flood, R.L., & Jackson, M.C., Critical Systems Thinking: Directed Readings, 213-226. 
Chichester, UK: Wiley. 

Schuler, D., & Namioka, A. (Eds.) (1993). Participatory Design: Principles and Practices. 
Hillsdale, NJ: Lawrence Erlbaum Associates. 

Schultze, U. (2000). A Confessional Account of an Ethnography About Knowledge Work, 
MIS Quarterly, 24(1), 3-41. 

Schön, D.A. (1983). The Reflective Practitioner: How Professionals Think in Action. New 
York: Basic Books. 

Schön, D.A. (1987). Educating the Reflective Practitioner: Toward a New Design for Teaching 
and Learning in the Professions. San Francisco: Jossey-Bass. 

Schön, D.A. (1992). Designing as reflective conversation with the materials of a design 
situation, Knowledge-Based Systems, 5(1), 3-14. 

Scribner, S. (1984). Studying working intelligence. In Rogoff, B., & Lave, J. (Eds.), 
Everyday cognition: Its development in social context. Cambridge, MA: Harvard 
University Press. 

Sein, M.K., Henfridsson, O., Purao, S., Rossi, M., & Lindgren, R. (2011). Action Design 
Research. MIS Quarterly, 35(1), 37-56. 

Shah, I. (1964). The Sufis. Garden City, New York: Doubleday & Company, Inc. 

Sjöström, J. (2010). Designing information systems: a pragmatic account (dissertation). 
Uppsala, Sweden: Uppsala University. 

Senge, P.M. (1990). The Fifth Discipline: The Art and Practice of the Learning Organization. 
New York: Currency Doubleday. 

Simon, H.A. (1976). The Administrative behavior (3rd Ed.). New York: The Free Press. 

Simon, H.A. (1996). The Science of the Artificial (3rd Ed.). Cambridge, MA: MIT Press. 

Simonsen, J., Bærenholdt, J.O., Büscher, M., & Scheuer, J.D. (Eds.) (2010). Design 
Research: Synergies from interdisciplinary perspectives. New York: Routledge. 

Simonsen, J. & Hertzum, M. (2010). Iterative participatory design. In, Simonsen, J., 
Bærenholdt, J.O., Büscher, M., & Scheuer, J.D. (Eds.), Design Research: Synergies from 
interdisciplinary perspectives, 16-32. New York: Routledge. 

Spender, J-C. (1996). Organizational knowledge, learning, and memory: Three concepts in 
search of a theory. Journal of Organizational Change, 9, 63-78. 

Stenmark, D., & Lindgren, R. (2004). Integrating Knowledge Management Systems with 
Everyday Work: Design Principles Leveraging User Practice. In Proceedings of the 
Hawaii International Conference on System Sciences. Big Island, Hawaii. 

Stenmark, D., & Lindgren, R. (2006). System Support for Knowledge Work: Bridging the 
Knowing-Doing Gap. International Journal of Knowledge Management, 2(1), 46-68. 

Stolterman, E. (1991a). Designarbetets dolda rationalitet – En studie av metodik och praktik 
inom systemutveckling (The hidden rationale of design work – A study in the 
methodology and practice of system development), (RRIPCS: Nr 14.91). Umea, 
Sweden: Department of Informatics, Umea University. 

Stolterman, E. (1991b). How System Designers Think About Design And Methods. 
Scandinavian Journal of Information Systems, 3, 137-150. 

Stolterman, E. (2008). The nature of design practice and implications for interaction design 
research. International Journal of Design, 2(1), 55-65. 



 

235 

Suchman, L.A. (1987). Plans and Situated Actions: The Problem of Human Machine 
Communication. Cambridge: University of Cambridge Press. 

Suchman, L.A. (2002). Located accountabilities in technology production. Scandinavian 
Journal of Information Systems, 14(2), 91-105. 

Suchman, L.A., Blomberg, J., Orr, J.E., & Trigg, R. (1999). Reconstructing Technologies 
as Social Practice. American Behavioral Scientist, 43(3), 392-408. 

Sundgren, B. (1995). Information Systems with Partially Unknown Purposes. In Dahlbom, 
B. (Ed.), The Infological Equation: Essays in Honor of Börje Langefors. Gothenburg 
Studies in Information Systems, Report 6. Gothenburg, Sweden: Gothenburg 
University. 

Susman, G.I., & Evered, R.D. (1978). An Assessment of the Scientific Merits of Action 
Research. Administrative Science Quarterly, 23 (4), 582-603. 

Swan, J., Scarbrough, H., & Roberson, M. (2002). The Construction of “Communities of 
Practice” in the Management Innovation. Management Learning, 33(4), 477-97. 

Taylor, C. (1993). To follow a rule ... In Calhoun, C., LiPuma, E., & Postone, M., (Eds.), 
Bourdieu: Critical Perspectives, 45-60. Chicago, IL: University of Chicago Press. 

Torraco, R.J. (1999). Integrating Learning with Working: A Reconception of the Role of 
Workplace Learning. Human Resource Development Quarterly, 10(3). 

Tsoukas, H. (1996). The Firm as a Distributed Knowledge System: A Constructionist 
Approach. Strategic Management Journal, 17, Special Issue: Knowledge and the Firm, 
Winter, 11-25. 

Tuomi, I. (1999). Data Is More Than Knowledge: Implications of the Reversed Hierarchy 
for Knowledge Management and Organizational Memory. In Proceeding of the 32nd 
Hawaii International Conference on Systems Sciences. Los Alamitos: IEEE Computer 
Society Press. 

Tyre, M.J., & von Hippel, E. (1997). The Situated Nature of Adaptive Learning in 
Organizations. Organization Science, 8(1), 71-83. 

Uzzi, B., & Lancaster, R. (2003). Relational Embeddedness and Learning: The Case of 
Bank Loan Managers and Their Clients. Management Science, 49(4), 383-399. 

Venable, J.R. (2006a). The Role of Theory and Theorising in Design Science Research. In 
Hevner, A., & Chatterjee, S. (Eds.), Proceedings of the First International Conference on 
Design Science Research in Information Systems Technology (DESRIST 2006), 1-18. 
Claremont, CA, USA, 24-25 February 2006. 

Venable, J.R. (2006b). A Framework for Design Science Research Activities. In Proceedings 
of the 2006 Information Resource Management Association Conference. Washington, DC, 
USA, 24-26 May 2006. 

Venable, J.R. (2010). Design Science Research Post Hevner et al.: Criteria, Standards, 
Guidelines, and Expectations. In, Winter, R., Zhao, J., & Aier, S. (Eds.), Global 
Perspectives on Design Science Research, 109-123. Berlin/Heidelberg: Springer. 

Visala, S. (1991). Broadening the Empirical Framework of Information Systems Research. 
In Information Systems Research: Contemporary Approaches and Emergent Traditions, 347-
364. North-Holland: Elsevier Science Publishers. 

Wagner, I., Bratteteig, T., & Stuedahl, D. (2010). Exploring Digital Design: Multi-
Disciplinary Design Practices. London: Springer-Verlag. 

Walls, J.G., Widmeyer, G.R., & El Sawy, O.A. (1992). Building an Information System 
Design Theory for Vigilant EIS. Information Systems Research, 3(1), 36-59. 



 

236 

Walls, J.G., Widmeyer, G.R., & El Sawy, O.A. (2004). Assessing Information System 
Design Theory in Perspective: How Useful Was Our 1992 Initial Rendition? Journal of 
Information Technology Theory and Application, 6(2), 43-58. 

Walsham, G. (1993). Reading the organization: metaphors and information management. 
Information System Journal, 3(1), 33-46. 

Walsham, G. (1995). Interpretive case studies in IS research: nature and method. European 
Journal of Information Systems, 4(2), 74-81. 

Walsham, G. (2006). Doing Interpretive Research. European Journal of Information Systems, 
15(3), 320-330. 

Weick, K.E. (1984). Theoretical assumptions and research methodology selection. In 
McFarlan, F.W. (Ed.), The Information Systems Research Challenge, 111-132. Boston, 
MA: Harvard Business School Press. 

Weick, K.E. (1993). Organizational redesign as improvisation. In Huber, G.P., & Glick, 
W.H. (Eds.), Organization Change and Re-design. Oxford, UK: Oxford University 
Press. 

Weick, K.E. (1995). Sensemaking in Organizations. Thousand Oaks, CA: Sage 
Publications. 

Weick, K.E., & Roberts, K.H. (1993). Collective mind in organizations: Heedful 
interrelating on flight decks. Administrative Science Quarterly, 38, 357-381. 

Wenger, E. (1998). Communities of Practice: Learning, Meaning, and Identity. Cambridge: 
Cambridge University Press. 

Wenger, E. (2000). Communities of Practice and Social Learning Systems. Organization, 
7(2), 225-246. 

Wenger, E., McDermott, R., & Snyder, W.M. (2002). Cultivating communities of practice: a 
guide to managing knowledge. Boston, MA: Harvard Business School Press. 

Wenger, E., & Snyder, W.M. (2000). Communities of Practice: The Organizational 
Frontier. Harvard Business Review, 78(1), 139-146. 

Whyte, W.F. (Ed.) (1991). Participatory Action Research. Newbury Park: Sage Publications. 

Winograd, T. (Ed.) (1996). Bringing Design to Software. New York: ACM Press. 

Winograd, T., & Flores, F. (1987). Understanding computers and cognition: a new foundation 
for design. Reading, Massachusetts: Addison-Wesley. 

Winter, R. (2008). Design Science in Europe. European Journal of Information Systems, 17, 
470-475. 

Wood-Harper, A.T. (1985). Research Methods in Information Systems: Using Action 
Research. In Mumford, E., Hirschheim, R., Fitzgerald, G., & Wood-Harper, A.T. 
(Eds.), Research Methods in Information Systems, 169-191. 

Worren, N., Moore, K., & Elliot, R. (2002). When theories become tools: Toward a 
framework for pragmatic validity. Human Relations, 55(10), 1227-1250. 

Wynekoop, J.L, & Conger, S.A. (1991). A review of computer software engineering 
research methods. In Nissen, H-E., Klein, H.K., & Hirschheim, R. (Eds.), Information 
systems research: contemporary approaches and emergent traditions, 301-325. Amsterdam: 
North-Holland. 

Yin, R.K. (1994). Case study Research: Designs and Methods. Thousand Oaks, CA: Sage 
Publications. 



 

237 

Appendix A: An overview of the MDSS 
Here is presented a short introductory overview of the Maintenance Decision 
Support System (MDSS). For a fuller account of the system, its theoretical 
foundation, application scenarios, and use cases, an interested reader is 
directed to the book “E-maintenance” edited by Holmberg et al. (2010), 
which is the official publication of the outcome of and background to the 
Dynamite project. Especially chapter 12 “Strategies for Maintenance Cost-
effectiveness” (Al-Najjar, 2010) and chapter 13 “Dynamic and Cost-effective 
Maintenance Decisions” (Al-Najjar & Eberhagen, 2010) give a fuller account 
of the MDSS. 

The main objective of using the MDSS is to enhance maintenance 
decision accuracy and cost-effectiveness in order to reduce the economic losses 
and consequently enhance company profitability and competitiveness. The 
MDSS may be used to: 
 Provide underlying information, i.e. relevant information 

parameters/performances measures and criteria for more accurate, dynamic 
and cost-effective maintenance decisions 

 Serve different purposes, such as: 
 Enable more accurate maintenance decisions through intensive 

utilization of the data 
 Map, analyze, and improve maintenance and production processes by 

identifying and prioritizing problem areas 
 Identify and assess losses in production time 
 Simulate different technically suitable solutions to identify and select the 

most cost-effective 
 Follow-up, control, and assess the profit due to maintenance savings and 

cost-effectiveness 
 Support continuous and cost effective improvement of maintenance 

 
The MDSS consists of three toolsets of different functionalities. Every 

toolset consist of one or more tools and every tool has a specific function as a 
part of the total functionality of MDSS, the individual tools will be presented 
later in this appendix. The overall functional structure of MDSS is shown in 
Figure A-1. The structure reflects the order in how a maintenance officer 
works with the toolsets and tools, from left to right. 
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Figure A-1: Toolsets and tools that constitute the MDSS 

In Figure A-2 is shown an overview of the main layout of the MDSS with 
all of its toolsets and tools as it is initially presented to a user. It reflects the 
same structure as in Figure A-1. 

 
Figure A-2: Overview of MDSS, toolsets, and tools 
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Here follows a short overview and introduction to the different toolsets 
and tools of MDSS. 

Toolset 1 – Improvement of Maintenance Decisions, whose purpose is to 
enhance the accuracy of maintenance decisions, consists of the following tools: 
Prediction of Vibration Level (PreVib); and Assessment of Probability of 
Failure (ProFail) and Residual Lifetime (ResLife). PreVib, see Figure A-3, is 
used to predict the vibration level (as a condition monitoring parameter) of a 
component/equipment for the near future, such as at the next planned 
maintenance action or measuring opportunity. ProFail and ResLife, see Figure 
A-4, are used, respectively, to assess the probability of failure of the 
component or equipment in question (using machine past data) at need or 
when its condition monitoring level (e.g. vibration level) is significantly high, 
and to assess the residual life of a significant component or equipment. In 
order to avoid failures and consequently delivery delays, ResLife can be used to 
control whether it is possible for the production process to proceed according 
to the production schedule or not. 

 
Figure A-3: Prediction of Vibration Level tool 
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Figure A-4: Assessment of Probability of Failure and Residual Lifetime tool 

Toolset 2 – Analysis Tools, whose purpose is to simulate and select the 
most cost-effective maintenance solution, consists of the tool Alternative 
Simulation (AltSim). AltSim, see Figure A-5, is used to simulate alternative 
solutions suggested for a particular problem when all alternatives are 
technically applicable, and to select the most cost-effective alternative 
maintenance solution. This tool is important to improve the cost-effectiveness 
of maintenance solutions and actions. The same sets of formulas that are used 
by MainSave (a tool part of Toolset 3) for converting technical impact of 
maintenance to economic impact on the company business are also used. 
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Figure A-5: Alternative Simulations tool 

Toolset 3 – Assessment of Maintenance Cost-Effectiveness, whose 
purpose is to identify and prioritize problem areas, consists of the following 
tools: Man-Machine-Maintenance-Economy (MMME) and Maintenance 
Savings (MainSave). MMME, see Figure A-6, is used to identify and 
prioritize problem areas and to assess the losses in the production time. It uses 
a special model for analyzing production process with respect to production 
time losses and the causes behind them are used to map, follow-up, analyze, 
and assess the cost-effectiveness of maintenance. MainSave, see Figure A-7, is 
used to monitor, map, analyze, follow up and assess maintenance cost-
effectiveness, i.e. the contribution or effect of maintenance actions to company 
profit. 
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Figure A-6: Man-Machine-Maintenance-Economy tool 

 
Figure A-7: Maintenance Savings tool 

An integrated part of the MDSS is the CRIS/MIMOSA (Common 
Relational Information Schema of the MIMOSA organization, see 
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MIMOSA (2011)) Database User Interface Application. It functions as a 
middleware application for data retrieval from Microsoft SQL database server 
hosting the CRIS/MIMOSA database at IBK in Estonia (a solution provider 
partner of the Dynamite project). The purpose of using a middleware 
application is to accommodate for the future use of other types of data sources. 
In such a case, only the middleware application needs to be adjusted, not the 
MDSS in itself. 

The user interface application was designed during the project to help 
industrial partners in gathering and entering data needed for the successful 
application of MDSS. This was necessary as the CRIS/MIMOSA data 
structure is not easily accessible and understood, and most industry partners 
had never encountered it before. The database user interface application was 
developed as a small Microsoft Access database application linked to the tables 
of the CRIS/MIMOSA database hosted by the Microsoft SQL database 
server. 

The database user interface application is pedagogically structured to allow 
choices of which tool(s) of MDSS to use for entering, or revising, data. The 
structure reflects the way the user works with the actual MDSS. In Figure A-8 
is shown the main menu window of the database user interface application. 
Here, it is possible for the user to choose which tool(s) to use for entering, or 
revising, data. 

 
Figure A-8: Main menu window in CRIS/MIMOSA Database User Interface 

Application 
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Choosing one tool, e.g. “Maintenance Savings”, the user is presented with 
the next level of menu choices, shown in Figure A-9. These menu choices are 
dependent upon the tool of choice at the previous level. Here, the user is 
presented with choices of which datasets to use for entering, or revising, data. 
The menu choices represent the complete set of datasets that need to be 
addressed for successful performance of the specific tool. 

 
Figure A-9: Maintenance Savings window in the CRIS/MIMOSA Database User 

Interface Application 

Choosing one dataset, e.g. “Production” or “Production follow-up”, the 
user is presented with a window that allows a user with ease to enter new or 
revise existing data, Figure A-10 and Figure A-11. This is the lowest level in 
the menu hierarchy, and the user is presented with the actual dataset view, i.e. 
the table. Here, the database user interface application is designed to hide 
many technical details that may confuse a user, but nonetheless are important 
for maintaining the integrity of the database, such as related tables and 
constraints. 
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Figure A-10: Production dataset window in the CRIS/MIMOSA Database User 

Interface Application 

 
Figure A-11: Production follow-up dataset window in the CRIS/MIMOSA Database 

User Interface 

The layout of the database user interface application is similar structured 
for the rest of the datasets and tools of MDSS, giving the users a unified and 
coherent approach in working with the database user interface application. 

As a user moves through the different menus of each respective tool within 
the database user interface application, many choices of datasets will be 
reoccurring. All tools share to a lesser or greater extent the same datasets. That 
the database user interface application was designed in this manner was 
intentional as to remind the user of which datasets of each respective tool were 
necessary to address should the user choose to only make use of a few of the 
tools and not the complete set of tools of MDSS. 
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MDSS and the accompanying database user interface application was 
tested and evaluated at several occasions with personnel from CRF/Fiat and 
Goratu/Spain (industrial partners of the Dynamite project). First through 
training sessions held in Athens in October 2008 to show how to use 
effectively the system with the personnel from our industrial partners. Then, 
by the partners themselves at their respective locations during the remaining of 
the fall of 2008, in conducting data gathering for further testing of our system. 
Finally the MDSS, and its integration with PDA software (a component of 
the DynaWeb), through the CRIS/MIMOSA database hosted by IBK was 
successfully demonstrated at the global demonstration meeting of the 
Dynamite project held at CRF/Fiat in March 2009. The opinion and 
impression by the industrial partners who had tested and used the system, and 
from the global demonstration, were that MDSS is user-friendly and can be 
used successfully for analysis of data and achievement of maintenance dynamic 
and cost-effective decisions. The long-term effects, benefits, and usability of 
the MDSS have not been evaluated throughout the Dynamite project as that 
was out of the scope of the project, and not the focus of the research in this 
thesis. 
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