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A B S T R A C T  

A B S T R A C T  

The aims of the practical work carried out for this thesis were to 
redesign a clinical decision support system for thoracic surgeons, called 
AssistMe, and to evaluate the concept behind this system.  
The main objective of the thesis is to give an account of the 
considerations that were found to be of key importance for designing a 
clinical decision support system for thoracic surgery like AssistMe. 
Another aim was to let future users test the system after it had been 
redesigned and evaluate the concept behind it. The thesis also 
investigates users’ experience of the system and their views on whether it 
would be applicable in their daily work practice. An account is also given 
of experience of using QOC-notation during the design space analysis in 
a real design project like this one. 
 
As the aim was to redesign a system that the thoracic surgeons were 
willing to use in their daily work, it was believed to be important to start 
with and focus on the thoracic surgeons, their needs and work practice. 
An ethnographically inspired contextual inquiry was hence undertaken in 
the Department of Thoracic Surgery of Linköping University Hospital. 
These field studies along with other inquiring and analytical activities 
such as task analysis and the making of scenarios led to the establishment 
of a number of qualities-in-use descriptions for decision support systems 
for the practice of thoracic surgery. Social qualities such as "serving the 
team mind" of a thoracic surgery team and aesthetic qualities such as the 
"feeling of trust and accountability" were found to be important. 
Further, practical qualities such as "interruptability", "ease of learning" 
and "effective interaction" and psychological qualities like "providing 
cognitive relief" and "providing psychological support" also came out of 
the understanding for the demanding, clinical work situation. Finally the 
quality of "freedom of choice for the clinician" was found to be essential 
as a quality fundamental to human well being, personal development, 
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independence and flexibility; essential ingredients of job satisfaction for a 
clinician. The aforementioned qualities-in-use and identified indicators of 
these qualities were used to guide further design efforts. During these 
efforts, which could be described as a design space analysis, QOC-
notation was used, but later abandoned because of the severe difficulties 
of incorporating the notation into the process of design. Despite efforts, 
the notation turned out to hamper rather than help. The main reason for 
this is believed to be the cycle of argumentative and evolutionary 
strategies or reflection-in-action that design entails. The design 
endeavors led to the production of Low-fidelity prototypes that were 
tested and revised and later also a Hi-fidelity prototype. This Hi-fidelity 
prototype was evaluated by a number of thoracic surgeons in think-aloud 
sessions. These sessions were all concluded with the surgeon giving his 
views on the underlying concept and the applicability of the system in his 
daily work practice. The result shows that AssistMe is believed to be 
applicable in the practice of thoracic care and it also points to a positive 
attitude towards the system concept. As one of the surgeons put it; 

“Medicine is supposed to be practiced on the basis of both experience and 
science. AssistMe can help experience be acknowledged in a scientific way 
and help experience gain recognition as the important instrument that it 
really is in medical practice”. (Excerpt from field notes, my translation) 
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Since the late 70’s computer-based information systems have been 
developed and implemented to suite the clinical environment. 
Notwithstanding this, the reluctance towards such systems is still 
considerable amongst clinicians. Very few of these systems are used in 
the daily work of the clinicians and some of these never even leave the 
prototyping stage [1]. Holmgren et al. [2] state that:  
 

“Many software projects in health care, especially those concerning decision 
support systems, have to be considered high-risk enterprises. In these cases 
it is not unusual that an initial requirements specification may not reflect 
the practitioners’ needs accurately”. (Holmgren et al., 1992, p. 4)  

 
Further Blum [2] notes that: 

 
“…extreme care must be taken to avoid a project plan that too rigorously 
follows the standard development project and ignores the areas of risk.” 
(Holmgren et al., 1992, p. 4) 

 
Emphasizing the “areas of risk” (using Blum’s wording) or rather, 
pinning out the important design considerations to be made in order to 
deal with these “areas of risk” is what this thesis partly is about. It is also 
about reflecting the practitioners’ needs accurately by inquiring into their 
work practice.  
 
With a background in cognitive science and interaction design the stated 
problems with producing systems that clinicians are really willing to use 
become intriguing. The question that readily comes to mind is; why do 
they fail?  
The field of medical informatics grows even more engaging when the 
review of literature (and also the apparent lack of literature covering 
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usability issues) points to that there is much to be done concerning 
usability and Human-Computer Interaction (HCI) within this field. 
Considering things like the demanding situations of work in the clinical 
setting, the seriousness of the matters dealt with, that is; human health or 
ultimately even human lives and the consequences that a mistake might 
get the field really has the power to attract the interest of someone 
knowledgeable in cognitive science. From a usability perspective one 
might think that the field of medical informatics really would be one that 
embraces user needs and characteristics but reviewed literature reveals 
that this is not necessarily so.  
 
The ambition behind the creation of the AssistMe-system is to develop a 
decision support system that thoracic surgeons are willing to use in their 
daily work. With such an ambition it is essential to start with and focus 
on the thoracic surgeons and their needs and work in order to develop a 
system that supports them in their day-to-day work practice. 
 

PURPOSE 
The purpose of the practical work that was carried out within the realms 
of this thesis work was to redesign a clinical decision support system for 
thoracic surgeons, called AssistMe and to evaluation the concept behind 
this system.  
The main objective behind this thesis is to give an account of the design 
considerations that were found to be the most important when 
constructing a clinical decision support system for thoracic surgery like 
AssistMe. Further, the result from the evaluative endeavors will be 
presented, describing the future users’ reactions on using the system, 
their view of the system’s fit to their work practice and their thoughts on 
the system concept.  
Finally the ambition is also to give an account on what it is like to work 
with a notation called QOC during the design space analysis in a real 
design project like this one. 
 

TARGETED READERS 
This thesis describes a design case and is mainly written for those 
interested in and familiar with the theory and practice of interaction 
design. 
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REPORT OVERVIEW  
The “Theory” chapter sets the theoretical framework for the thesis by 
introducing matters like how to define and categorize decision support 
systems, HCI in the development of health care systems and the notion 
of quality-in-use. 
The “Design Methodology” chapter introduces the methodological 
framework and gives an account of the methods later used in the design 
work. 
Mainly for pedagogic reasons, the “Design Process” chapter is divided 
into three different parts describing the forming of the vision, the 
framing the operative image and the specification. 
The “Vision” chapter gives an account of the framing and reframing of 
the design problem through various activities and the specification of the 
relevant qualities-in-use. The process of externalizing the vision, creating 
design solutions is described in the chapter called “Framing the 
Operative Image”. The “Specification” chapter reports on how the 
design is finally settled through the process of prototyping and 
evaluation.  
The thesis is rounded off with some concluding and contemplating 
remarks in the “Conclusion” and “Discussion” chapters.  

ABBREVIATIONS 
CBR = Case Based Reasoning 
CPR = Computerized Patient Record 
DR = Design Rationale 
DSA = Design Space Analysis 
DSS = Decision Support System 
HCI = Human Computer Interaction 
HiFi = High Fidelity Prototype 
LoFi = Low Fidelity Prototype 
LVAD = Left Ventricular Assist Device 
QOC = Questions Options Criteria 
UML = Unified Modeling Language 
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RESEARCH ISSUES 
In my view design is the constant shift between the use of three different 
abilities: to see and frame a design problem, to design solutions and to 
evaluate those solutions. The first research issue dealt with in this thesis 
embraces problem space framing and design while the other concerns 
evaluative undertakings.  
 
1. Which design considerations are important when constructing a 
clinical decision support system for thoracic surgery in general and the 
AssistMe-system in particular?  
 
2. What are the future users’ experience of using the system and the 
concept behind the system? Is it applicable in their daily work? 
 
3. What is it like to work with the QOC-notation for design space 
analysis in a real design project like this one? 
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This chapter sets the theoretical framework for the thesis by introducing 
matters like how to define and categorize decision support systems, HCI 
in the development of health care systems and the notion of quality-in-
use. 
 

DECISION SUPPORT SYSTEMS  
In this section I will not give an account of the history of decision 
support systems (DSS), instead I would like to focus on how DSS are 
defined and classified and how they present themselves to the user. For a 
further elaboration on the historical matters I would recommend the 
papers written by Bemmel and Musen [1], Berg [3] and Shortliffe et al. 
[4]. 
 

What is a Decision Support System? 
What kind of a decision support system we are dealing with largely 
affects which design considerations to lay emphasis on during design. To 
frame in what kind of a DSS we have at hand, the means of defining and 
categorizing clinical DSS become necessary. In literature, a wide range of 
definitions exists in various degrees of specificity. The broadest 
definition is probably the one given by Shortliffe et al. [4], describing a 
DSS as being: 
 

“Any computer program designed to help health professionals make 
clinical decisions” (Shortliffe et al., 2000, p. 469) 
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By this definition any computer system that holds, retrieves or presents 
medical data or knowledge of any kind would be a DSS, this would even 
include search engines like Medline. 
One might question the functional value of this description as a 
definition since it almost includes anything and therefore is hard to 
fruitfully use as a definition should be used. On the other hand, such a 
broad definition invites one to use it in conjunction with other views on 
what’s important when designing a DSS. In my view, a DSS should fill a 
knowledge gap and give such information that when used the user feels 
more comfortable in making the clinical decision. Thus, a knowledge 
gap, a need, should be at the heart of a DSS, which in my opinion should 
be defined as:  
 

Any computer program motivating use by filling a knowledge gap in the 
case of clinical decision-making, enough for the health professional to 
assuredly make the clinical decision. 

 
Wyatt and Spiegelhalter [5] present a more exclusory view on what DSSs 
are: 
 

“Active knowledge systems that use two or more items of patient data to 
generate case-specific advice.” (Wyatt and Spiegelhalter, 1991, p. 205)  

 
This definition reflects in a condensed manner the components of which 
most clinical DSSs are being constituted in literature. Here the medical 
knowledge comprised in the DSS is used to interpret patient data and the 
result is a case-specific advice. 
 

Categorizing Decision Support Systems  
To decide on a suitable definition isn’t enough, there is also a need to 
distinguish between different types of DSSs, this can be done in 
numerous ways. Shortliffe et al. [4] differentiates between three types of 
decision support systems based on their functional characteristics: 
1. This category holds all systems that are built for storage, browsing 

and retrieval of clinical information. These systems are categorized by 
not giving the user any help in applying the retrieved information to a 
specific decision.  

2. This is the category that includes systems made for offering cognitive 
relief. Included systems are for example those that help the clinician 
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remember and pay attention to events that otherwise might have 
been forgotten.  

3. In this category one finds the systems that Wyatt and Spiegelhalter [6] 
call DSSs, that is, systems that use patient data to generate patient-
specific advice. 

These are somewhat dissimilar types of systems and what issues to 
emphasize during development can be slightly different for each one of 
these. Take for example the matter of responsibility. Of course, any 
design endeavor should entail a consideration of the effects of using the 
system, and whether the designer would want to be responsible for these 
effects. Notwithstanding that, the development of for example a tool for 
telling a clinician how to treat patients can be seen as demanding a more 
laborious consideration of responsibility issues and a preparation for 
lifelong commitment, than would the development of for example a 
system for browsing clinical knowledge such as Medline. 
  
From the clinician’s point of view, DSSs can also be categorized based 
on the mode by which the advice is offered. This ranges from the ones 
giving solicited advice when instructed to do so, to those giving 
unsolicited advice independently of whether or not a request has been 
given from the clinician, to the extreme case of autonomous systems that 
monitor incoming patient data and, to a certain extent, take action 
without human interference [1]. 
 
On the basis of what types of decisions that the clinical DSSs support, 
they further can be divided into two categories. The first category holds 
the systems that gives an account of what is true about a patient, based on 
patient data and test results to support diagnostic decisions. The second 
category holds those systems assisting clinicians in their decision 
concerning what to do for a patient and sometimes even helps them 
execute the proposed treatment, the so-called therapeutic decisions. 
In a study done by Shortliffe et al. [4] he concludes that it is the latter of 
these two that clinicians tend to want when seeking consultation. 
 
DSSs also differ in what category of patients and problems they address, 
called the medical domain of the system. 
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Lessons Learnt and the Winds of Change 
Many of the DSSs developed have failed to gain widespread acceptance 
by clinicians. Without plunging any further into the history of DSSs a 
glimpse on the paradigm shift that the domain has undergone may shred 
some light on the lessons learnt that will be of paramount importance 
for the future of DSSs.  
The development of the first DSSs was governed by two primary 
paradigms [1]: 

1. The first paradigm was based on the assumption that medical 
experts can articulate their medical expertise. This expertise can 
then be turned into decision models thus creating the knowledge 
base for a DSS.  

2. The second paradigm followed the first, stating that this 
implemented DSS made medical expertise available to any non-
expert. 

These paradigms later turned out to be rather inadequate basically due to 
the insight that the view of human expertise as independent extractable 
knowledge chunks was to simplistic. Another finding that contributed to 
the abandonment of these initial paradigms was the discovery that 
different clinicians diagnose identical situations differently and that one 
clinician can diagnose a patient in one way and later diagnose the same 
patient differently if presented with the same case all over again. These 
phenomena came to be called the “intra-interobserver variabilities” (van 
Bemmel and Musen, 1997, p. 275). 
Yet another interesting and likewise important realization was that 
“medical practice is only in part scientific, but primarily based on 
empirical evidence. Many decisions are made in the absence of scientific 
data. Medical decisions can often be understood only in the environment 
or context in which they were made” (van Bemmel and Musen, 1997, p. 
275). 
This awareness can be assumed to have had an effect on the view on 
how a study on medical practice should be conducted, pointing to a 
more situated approach. 
This approach is also mirrored in the last of the mentioned findings, 
namely that the explanation that the clinician gives on why he made a 
certain decision does not always reflect the actual reasoning behind this 
decision. This problem with discrepancies between what is said to have 
happened and what really happened is something that I believe anyone 
studying after-the-fact phenomena struggles with.   
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One major shortcoming behind the initial approach to DSS development 
was the almost complete negligence of human cognition. One of the 
early researchers within medical informatics, Randolph Miller therefore 
stepped up and stated that DSSs ought not to be seen as omniscient 
“Greek Oracles” (van Bemmel and Musen, 1997, p. 275). 
Moreover, the inability to integrate the DSSs into current systems used 
in the clinical setting and the resulting need for re-entry of data into the 
DSSs has also been cited as one of the main barriers to widespread use 
of these systems [1]. 
 
Among the emerging paradigm aimed at replacing the abandoned 
paradigms there is especially one that particularly note-worthy: The 
emphasis has shifted from trying to encapsulate clinical knowledge in 
some formal notation to focusing on improving care by meeting the 
needs that clinicians have in the context of their daily work. 
 
Shortliffe et al. [4] has found that clinicians generally welcome simple 
information-retrieval programs that satisfy their thirst for information 
but as stated above they tend to show strong aversions towards DSSs. So 
it seems that it is not the computer use as such that is the major 
stumbling block for DSSs to be generally accepted. Yet Another reasons 
for why DSSs have failed throughout history has been find by Shortliffe 
et al. to be the frustration that builds up among clinicians if they have to 
engage in data entry, especially if they know that the data is available on 
other computers nearby. The clinicians want instead to be able to 
concentrate on reviewing data and other retrieved information. They 
conclude that:  

 
“...the successful introduction of decision support tools is likely to be tied 
to these tools’ effective integration with routine data-management tasks”. 
(Shortliffe et al., 2000, p.483) 

 

JURIDICAL ISSUES IN SOFTWARE DEVELOPMENT 
FOR HEALTH CARE 
What the law has to say about DSSs and the use of such systems has 
been noted by many to be a decisive matter when it comes to the use of 
DSSs. To illustrate the importance and implications of these juridical 
issues an example from American legislation will be presented.  
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There are two laws within American legislation worth considering when 
talking about the development and use of DSSs. One is the law used for 
judging clinical malpractice, called the negligence law, and the other is 
the product liability law. According to the negligence law, a product or 
activity must “meet reasonable expectations for safety” while the product 
liability law implies that a product must not be harmful [4].  
The question that then arises is; what could be demanded by a DSS? 
Is it reasonable to require that it always should give correct information 
or advice under all circumstances? This might at first seem as a question 
to be answered with a clear and unambiguous “yes”. Yet if we think 
about it for a little bit longer we realize that such demands aren’t even 
posed on the clinicians themselves, so should DSS be subject to such 
demands? Which law to apply to the development and use of clinical 
DSSs will by any means affect the dispersal and acceptance of these 
tools. 
 
Still, when it comes to legislative questions concerning the use of DSSs, 
there is one that in my opinion is particularly interesting: 
What happens if a clinician has access to a DSS and chooses not to use 
it, acts upon his judgment and then makes a mistake that the use of the 
DSS could have prevented? According to Shortliffe et al. [4], these cases 
have formerly been judged as similar cases involving other medical 
technology, that is; “physicians will be liable in such circumstances if the 
use of consultant programs has become the standard of care in the 
community” (Shortliffe et al., 2000, p. 498).  
If you think about it for a minute, this might have significant impact on 
the use of DSSs. As the medical community makes the use of DSSs the 
standard of care by using them in their everyday practice, the individual 
clinician will be increasingly forced to use DSSs whether he wants to or 
not. So the juridical facts might have a larger impact than one first might 
think on the widespread use of DSSs. This is because the freedom of 
choice is at stake, a freedom and right so important to any human and 
especially to people in their work practice. Because of this the physician 
might make a conscious choice not to use DSSs to such an extent that it 
might be considered the standard of care, even though these tools would 
have been good and valuable.  
 
Another juridical question that has arisen during development of various 
DSSs [4] appertains to the validation of DSSs before release. How such 
an evaluation should be done is far from trivial. Shortliffe et al. [4] argues 
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that this is due to the intra-interobserver variabilities amongst physicians, 
which in turn makes it complicated to agree upon how to define 
acceptable levels of performance for the usage of DSSs. For measurable 
objectives such as execution time, this might indeed be the plausible 
explanation for experienced difficulties, but what about non-measurable 
objectives?  
It might be so that the most interesting qualities are impossible to 
measure or quantify in the traditional sense but this shouldn’t hinder the 
designer from considering these qualities. One example could be that the 
DSS has a negative effect on the social relations within a medical team 
over time, this is not easy not see and shouldn’t be the object for 
quantification but it is still a just as important aspect worth considering.  
 
Yet another important juridical consideration when designing clinical 
DSSs in general, and such a system on the Internet in particular, is the 
handling personal information like civic registration numbers. According 
to the Swedish law personuppgiftslagen, oral or written consent is always 
needed when handling information like civic registration numbers over 
the Internet.  
 
Copyright legislation is another juridical unit to take into account when 
creating and distributing digital products over the Internet. In much the 
same way as for more traditional media products, this law is in force 
even for digital products.  
 

HCI AND HEALTH CARE  
Since the late 70’s computer-based information systems have been 
developed and implemented to suite the clinical environment. 
Notwithstanding this, the reluctance towards such systems is still 
considerable amongst clinicians. Very few of these systems are used in 
the daily work of the clinicians and some these never even leave the 
prototyping stage [1]. 
When clinicians’ aversion to using computer-based information systems 
is mentioned in literature the term “acceptance” is frequently used. This 
is something especially salient in the field of medical informatics and 
therefore worth mentioning to illustrate something that I believe to be 
an attitude towards users especially within this domain. By studying 
literature [6,7,8] the feeling emerges that the frequency of the word 
“acceptance” mirrors a focus on technology and an unfortunate attitude 
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that clinicians ought to “accept” and conform to the technology that is 
given to them and not the other way around.  
However, some researchers, mainly within the field of HCI, have tried to 
find an explanation for the apparent problem. In a study done by Rector 
et al. [9] it is concluded that the explanation lies in that the existing 
systems are “neither sufficiently useful or nor easily usable to justify the 
effort required to use them”. 
Here they make the distinction between utility and ease of use, which is 
often overlooked but certainly meaningful in the search for an 
explanation on why medical systems tend to fail. No matter how 
frictionless and easy a system can be used, if it does not correspond to 
the needs of its users they will not use it. Effort is another aspect 
mentioned, which is crucial in the special and often hectic field of health 
care.  
The discussion around utility brings us to another interesting theory on 
why medical systems tend to fail, presented by Smith [10]. He makes a 
further important and likewise overlooked distinction, between wants 
and needs. Most studies are of wants and not needs because wants are 
easier to identify. This results in systems built solely on wants and the 
reason they fail in the long run is that they do not meet the needs that 
the user have in their daily work and the systems are omitted in time. 
Others have tried to explain clinicians aversion towards computer-based 
information systems by merely blaming age and arrogance [11], which is 
a highly questionable standpoint bearing in mind that clinicians are eager 
users of other new technology [9]. 
 
What would it take for a clinical DSS to be widely used? Are there critical 
factors to consider to a greater extent when designing for the clinical 
setting?  
Some researchers, like Smith [10] focuses on the nature of clinician’s 
work and undertakings while others focus on the technology that might 
enhance this work, but if we look at the relation between the user and the 
technology important aspects can be distilled from literature.  
One of them appears to be motivation. 
Physicians’ priorities or day-to-day motivation have been found by 
Henkind [12] to be: protecting their patients, protecting their time, and 
protecting their resources. It would be reasonable to assume that a 
computer system built for physicians preferably should share these 
priorities or at least not interfere with them. 
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Before continuing on this discussion on motivation, let’s make the 
differentiation between “inner motivation” and “outer motivation” (my 
translation) [13]. Inner motivation is the will of action that comes from 
within whilst outer motivation is given by an external force such as your 
work organization, obliging you to act. In order for a system to be used 
more than once or twice after the first introduction the system should 
evoke some inner motivation by addressing true needs and support the 
physician’s day-to-day motivation. 
Accordingly, Anderson [8] states that physicians only are willing to use 
information system if it subserves their aim to improve the care for 
patients and that “Benefits to the organization, in general, are not 
enough to motivate physicians to alter long-standing practice patterns of 
care” (Anderson, 1999).  
 
Another important aspect in the relation between the user and the 
technology in the clinical setting seems to be the notion of trust. 
Physicians are used to being responsible and accountable for their 
actions and for their patient’s health. In the same way they view the 
interface and its designers as “responsible” and therefore “accountable” 
to the accuracy, completeness and integrity of the information in the 
computer-system [14]. In the design of a clinical computer system it is 
therefore crucial not to violate those expectations in order to make the 
clinician continue using and develop a trusting relationship towards the 
system. 
As mentioned above a great deal of skepticism exists towards the use of 
computer systems in health care. Therefore, if the physician finally 
invests their valuable time into using such systems, you wouldn’t want to 
disappoint them. A third reason that computer systems in clinical care 
ought to be trust-worthy is that they often contain critical information 
about patients, but also clinical knowledge and evolving hypotheses, 
inappropriate in the hands of the unauthorized. 
Clinicians are taught from school to question the information they 
receive from patients and colleagues [14] and this may very well also 
affect their attitudes towards computer-based information systems, the 
systems interfaces and especially computer applications like decision 
support systems. They are taught to not make any important decisions 
based only on information provided by something or someone else. The 
result of this sensible, but yet mistrusting attitude might well be one of 
the reasons for the scepticism towards computer applications like 
decision support systems. 
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QUALITY-IN-USE 
In recent years the term quality-in-use has become more and more 
prominent in literature covering design and human-computer interaction. 
The term is often defined in accordance to the ISO-standard 9241-11 
[15], which states that quality-in-use is: 
 

“…the effectiveness, efficiency and satisfaction with which specified users 
can achieve specified goals in particular environments…” 

 
In accordance to the traditional way of working within the engineering 
community, the abstract concepts of effectiveness, efficiency and 
satisfaction becomes subject to hierarchical breakdown in order to reach 
specific usability goals and measures. This way of working with qualities-
in-use presupposes that the qualities of a product are objectively 
measurable. However, in reality it might be the case that many of the 
most interesting properties and qualities of a product cannot easily be 
measured. Yet, this mustn’t stop the designer from taking these qualities 
into account [13]. 
One important premise behind the ISO-standard definition of quality-in-
use that tends not to be mentioned is that it is a standard written mainly 
for office applications.  
The work described in this thesis concerns the design and evaluation of a 
system that is going to be used in a clinical setting. Naturally the work 
situation in an operating theater at a hospital is profoundly different 
from the situation of work at an office. Hence, how to define quality can 
be presumed to differ fundamentally between the two contexts and there 
are other objectives far more important than for example effectiveness 
when treating patients. 
In the eagerness to specify distinct goals and measures important 
qualities might be lost and those are mainly the kind of qualities that fall 
outside the categories of effectiveness, efficiency and satisfaction. In 
designing for other than office settings the amount of such “exterior 
qualities” might be substantial. These will be consequently hard to detect 
partly because of the deceptive impression of “completeness” that this 
type of hierarchical analysis might give. 
Yet, if “exterior qualities” are uncovered, like patient safety for instance, 
and one tries to incorporate these into the hierarchical specification the 
risk is imminent that they all end up within “satisfaction” that will 
become so full that in the end it won’t mean anything anymore. 
However, these qualities are most likely to never even be uncovered and 
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will go unnoticed even though they well might be even more important 
than those captured in the process.  
 
Clearly the way of defining and working with qualities-in-use described 
in the ISO-standard falls short in any design case not concerned with 
office applications, and so this is also true for the design case presented 
in this thesis. The issue becomes the one of creating a definition and way 
of working with qualities-in-use that suite this particular design case and 
other cases not engaged in the development of office applications.  
I will propose a way that is based on core human values. This might be 
seen as controversial, partly because human values can be hard to 
identify and then form into something that fruitfully affects the design 
and partly because values not seldom conflicts with economical interests 
[16]. Nevertheless, as Friedman [16] puts it, “it is important to create 
computer technologies that - from an ethical position – we can and want 
to live with”. Emphasizing human values in a way that is done within the 
philosophical tradition of value theory involves focusing on what is 
considered “good”. This philosophical tradition feeds from the tension 
between the views presented by different philosophers, including Plato, 
on how “good” should be defined. So the essential question becomes; 
how is quality or “goodness” defined in this field of work, good by what 
criteria?  
The main idea is to go out into the field, ethnographically exploring the 
whole context of use, yet focused on a few core human values such as 
technological, utilitarian/practical, aesthetical, ethical and social values to 
find an answer to the question of how “goodness” is defined in this field 
of work. The technological and practical qualities are assumed to be 
specifiable, measurable and largely objective. The aesthetical qualities can 
be found in the relationship between the user and the artifact, still, this 
relationship is affected by the cultural and social situatedness of the user. 
The ethical and social qualities cannot be found within the user as an 
individual, rather they exist in the relationship between the user, the 
artifact and the user’s cultural and social context. These qualities also 
have an intentional dimension; for what social purposes is the artifact 
used? Does the user utilize the artifact to make a statement about himself 
as a person or is the artifact used in social interaction with the other 
individuals in his context?   
The result is an essential collection of what quality-in-use means for 
these users in this context of use. In order to use these qualities in a 
fruitful way throughout the process of design there is also a need to 
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move down one abstraction level to identify “indicators” in respect to 
these qualities-in-use.  
 
The definition of an indicator is in ISO 14598-1 A 3.12 [17] found to be: 

 
“An indirect measure that can be used to estimate or predict another 
measure” 
NOTES: 
The measure may be of the same or a different characteristic 
Indicators may be used both to estimate software quality attributes and to 
estimate attributes of the production process. […] 
A 3.6: Indirect measure: A measure of an attribute that is derived 
from measures of one or more other attributes 

 
Values, qualities-in-use and indicators are essentially connected and in 
conjunction that they can show what “good” is in a certain context of 
use. They are also on different levels of specificity and can therefore 
harmonize with the shifting between abstraction levels that the process 
of design entails. 
 
Measures presupposes that there is something that can be measured, that 
something like security for instance could be measured, whilst the word 
indicator just states that you have an index on security just like smoke 
might be an index of fire.  
One might criticize this way of thinking about quality and working with 
quality-in-use for it’s lack of rigor but the question is; what’s the option 
when working with other than office applications?  
Sticking to the ISO-standard and the engineering type of working will 
most certainly result in a failure to capture some of the most important 
aspects of the context of use. The consequent building of the design will 
then be on faulty premises, which we know hasn’t done anyone any 
good. 
Interaction design has partially been concerned with who wins and who 
looses. In my view the ISO-standard and the engineering way of working 
flatly discards objectives that can’t be measured, which tend to be what 
one could call “soft matters” like social values. So in that sense the 
interaction designer should also look at which (quality) wins and which 
(quality) looses.  
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D E S I G N  M E T H O D O L O G Y  

This chapter introduces the methodological framework and gives an 
account of the methods later used in the design work. 
 

CONTEXTUAL DESIGN 
When considering past, less than successful, attempts of producing and 
introducing decision support systems into clinical work practice one 
might wonder what the problem is and what to do about it. My belief is 
that it is the lack of user centering in development that largely 
contributes to the failure. My view is that the only way to turn this trend 
around is to put the clinician and his professional needs at the center of 
the developmental efforts.  
 
There exist numerous methods for carrying out such user-centered 
development, one of them being the method of contextual design. One 
of the building blocks that this method rests upon is the understanding 
that any system introduced into work-practice will affect the way people 
work [18]. Acknowledging this leads further to the awareness that 
successful systems are those that embody a way of working that the user 
wants to adopt. 
 
The steps inherit in the process of contextual design gives the designer a 
means for understanding the users work and to use that understanding as 
a basis for the development of devices that will support that work. Data 
gathered from the customers is used as the base criterion for deciding 
which needs to address, what the system should do, and how it should 
be structured.  

 2 9



D E S I G N  M E T H O D O L O G Y  

The aim is thus to design tools that are best fit to the customers work practices; 
words of wisdom that has become almost like a catch phrase for 
contextual design.  
 

Contextual Inquiry 
Contextual inquiry is the part of contextual design that is concerned with 
data gathering from the customer’s field of work. It is an 
ethnographically inspired method for doing naturalistic observations in 
the real context of use.  
 
Contextual inquiry is a method for going out into the real work situation 
and gather data that can serve as basis for decisions in the following 
steps of the design process. It is a good method for trying to understand 
users’ work context, especially if the work is done in domains that you 
are not familiar with [18]. 
Contextual inquiry can be seen as an ethnographically inspired method 
for giving the designer an understanding of the user’s work context, 
through a co-discovery process.  
 
Contextual inquiry is based on three key concepts: context, partnership 
and focus [19]. 
  Context includes the user’s physical environment, the people and 

places the user interacts with, cultural and organizational influences 
and tools. 

  Partnership or apprenticeship is the kind of relationship that is 
necessarily formed between the person performing the contextual 
inquiry and the user. During the contextual inquiry the clinician is 
studied in the context of real work. Thus he is acting in situations that 
are familiar to him. Articulation of the strategies and motivations 
behind his acts are not something that is done naturally and reflexive 
but something that is important to evoke in order for the designer to 
get a correct picture of the clinician’s work. If you simply would ask 
users how they work, what they want and what their needs are (the 
traditional interview situation), the user will be unable to give us 
accurate and complete picture. This is not because he is trying to hide 
something on purpose but rather because the work has become so 
habitual to him that it is hard for him to think about his own work at 
a higher abstraction level. In short, the apprenticing relation is created 
to compensate for the discrepancy between what he says he does and 
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needs and what he actually wants and needs that naturally appears in 
a traditional interview situation. Another possibility is to take on the 
role of a passive observer, looking at the user in his work 
environment but this results in a risk of misinterpreting the users 
actions. So, we employ users as co-investigators to accurately and 
completely identify their needs. The partnership between the 
interviewer and the interviewee is used to create a dialogue, one 
where the interviewer can not only determine the user’s opinions and 
experiences, but also his other motivations and context. 

  Focus is the scope of the area of concern. The focus is important 
because it sets the goals for the visit. 

 
In practice, the method is fairly simple and consists of the interviewer 
observing the user while working and asking about the user’s actions 
step-by-step to understand his strategies and motivations. During these 
sessions the designer gets to meet the user and he and his needs become 
real to the designer while they develop a shared interpretation of the 
work. 
  

SCENARIOS 
When data from the field studies has been gathered it must be presented 
and verified in some way. As with contextual inquiry, making the user, 
his work situation and needs come to live is important in order to keep 
the designer on track, honoring the right priorities during the design 
process.  
The making of scenarios is one way of doing this. To make scenarios is 
one of the simplest, but at the same time most powerful techniques for 
documenting the design vision (what the system is and does), giving the 
opportunity to explore system features (by experimenting with different 
scenarios in thought) and can be the basis for coming usability evaluation 
[20]. Making scenarios and showing them to the user is yet another way 
for the designer to verify the match between his conceptual model and 
the user’s conceptual model of the work. This might be one of the few 
techniques there is for doing this, since scenarios are in a format that is 
easily grasped for anyone not being familiar with system development.  
Another benefit of actively using scenarios during design is that they 
promote work-oriented communication, focusing on work throughout 
the process [21]. 
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But for a scenario to be an effective tool in design it has to be 
constructed in a certain way and posses certain qualities. The real use 
situations are the ones of interest and it is those that should be reflected 
in the scenarios. The edge cases that programmers often use during the 
implementation-testing cycle of software development are of less 
interest. It is also important for each scenario to be described in breadth 
rather than in depth to capture a genuine, holistic image of the work 
situation [22]. 
 
Of course, there also exist some drawbacks with using scenarios.  One of 
them is the hazard of defining a golden path, not considering users 
making mistakes, when writing scenarios and later designing. One might 
also miss an important scenario going unnoticed until testing or 
implementation. Scenarios may not sufficiently describe the interaction 
between different parts of the system and when using them it might be 
hard to imagine one modification’s impact on the entire system. 
Scenarios may also provide insufficient detail for the engineers 
implementing. But then again, the thought behind scenarios is not that 
they are to be used in isolation as the only aid for design, but in 
conjunction with other design methods.  
 

STYLE STUDY 
The difficulty of giving an unambiguous definition of the concept of 
style is discussed by Ehn et al. in their article “What kind of a car is this 
sale support system?”[23]. Øristland and Buur present their view on style 
as something that provides interaction designers with strong visions and 
a sense of direction in the design work [24].  
So why is style important within the realms of this thesis? I see style as 
an organizing principle, something that is different for different types of 
products and user contexts. In their day-to-day work practice clinicians 
use many interdependent systems and it becomes a challenge for them to 
learn and to use all these different products and it also becomes a 
challenge for the designer to keep an overall system approach [11]. 
Looking at other products that are used in the same setting as the one 
that you are designing for unity in interaction and look&feel amongst the 
products. Doing this can contribute to a sense of familiarity and 
recognisability and lower learning thresholds by letting the user use his 
prior knowledge when understanding a new product. The extensive 
amount of technology used in medical care may make the need for 
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consistency and commonality among greater in this field than in many 
other fields. 
 
Another reason for doing a style study is the aim of wanting to find an 
appropriate style that is suitable in the context of use at hand. In practice a 
style study can be done by studying the hardware and software of the 
existing systems that the users use in their work, how and why they use 
them, how they look at them and what they like or do not like about 
these systems. 
 

TASK ANALYSIS 
As Preece [25] notes, the term “task analysis” is slightly misleading, since 
it really is merely an umbrella term for a broad range of techniques aimed 
at describing users goals tasks and actions rather than analyzing these 
findings  
 
Then what does the term “task” mean? Tasks are differentiated from 
function in that they hold an intentional dimension. Tasks are 
meaningful to the user in that he believes it to be necessary and /or 
desirable to undertake tasks.  
In this thesis as in many other studies the focus for the analytical 
endeavors is on the notion of work rather than the more specific notion 
of task. This is because I find the notion of work more suitable for my 
study, since it reflects the distributed nature of real work situations and 
because tasks will change by the introduction of a computer system 
while the goals behind work are not likely to change. Still, it can be 
valuable to take an interest in what tasks that are a part of the current 
work as a part of the process of trying to understand the work.  
  
Task analysis describes behaviors at three levels: goals, tasks and actions 
[25].  
A goal may be defined as a state of a system that the human wishes to 
achieve. A goal is achieved using some instrument, method, agent, tool, 
technique, skill; some device that is able to change the system to the 
desired state. Given that the person has formed a goal, the person selects 
a device that will enable him to achieve that goal.  
Tasks are the activities required, used or believed to be necessary to 
achieve a goal using a particular device.  
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An action is defined as a task that involves no problem solving or 
control structure component. 
Goals, tasks and actions will be different for different people, depending 
on their previous experience and knowledge, and on their perception and 
conception of the system. In particular, actions may be different for 
experts and novices.  
 
Hackos and Redish [26] see task analysis as a way of learning about 
ordinary users’ work by observing them in action and thereby 
understanding what the users are trying to accomplish – the users’ goals 
and tasks – and how the users think about their tasks – the users’ 
conceptual model of the work and the tools. In this thesis work I will 
carry out a contextual inquiry to do just this and I will refer to task 
analysis as the following descriptive endeavor of depicting the 
understanding gained from these sessions.  
There exists many formal notations for doing this and I will focus on 
task flow diagramming, like the “Hierarchical Task Analysis” or “HTA”-
notation, where specific tasks are divided into the basic task steps [25]. 
Generally, I am not overly fond of formal notations but I believe that 
this way of depicting the clinicians’ work will render me a clearer picture 
of for example any parallel tasks, all in a convincing, externalized form 
that also can be communicated to others. 
 

THINKING ALOUD PROTOCOLS 
Erikson and Simon [27] developed this technique in order to examine 
people’s problem solving strategies. By asking the user to think aloud 
while performing some specific tasks with the system the designer avoids 
the problem that arises during a traditional interview situation that is 
done in an after-the-fact manner. As with scenarios, this is yet another 
technique for compensating for the discrepancy that a occurs in a 
traditional interview situation between what the user says he does and 
thinks and what he actually does and thinks when using a computer 
system. Difficulties that the user would not recall to mention in a 
traditional interview is now instead readily at his fingertips, prone for 
inquiry.  
This technique renders a lot of qualitative data on how the user 
understands and views the computer system and which parts that causes 
the most problems. 
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Figure 1. The upper picture is a schematic depiction of a traditional interview 
situation where the interviewee is supposed to refer back to an event that is in the past. 
The lower picture is supposed to represent a think aloud session where data is gathered 
“in the heat of action”. 
 
One difficulty that appears when carrying out a session of this kind is to 
keep the user talking while performing the given tasks. To think aloud is 
not something that we naturally do and it can thence become necessary 
to prompt the user to keep thinking aloud while performing his tasks. 
However, this is also the only time that the experimenter should 
intervene during the session since he is not supposed to draw the user’s 
attention to parts of the interface other than those that the user himself 
chooses to pay attention to.  
 

A SPACE JOURNEY IN SEARCH OF REASONS WHY 
One of the research issues in this thesis is the question on how it is to 
work with a notation for design space analysis called QOC (for 
Question, Options and Criteria) in a real design project. The definition 
and mode for application of this notation is introduced in this chapter 
and if applicable, the aim is to use this notation throughout the design 
process.  In the “Discussion” chapter I will give an account of my 
experience on working with the QOC-notation and thereby try to give 
an answer to the stated research question. 
 

What Is Design Rationale, Design Space Analysis 
and QOC? 
You might have heard of the term Design Rationale or DR, but what 
does it really mean? 
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As the word rationale denotes, it holds an explanatory dimension, a way 
of explaining and documenting the underlying reason why the resulting 
artifact is the way it is. The content of a design rationale is an idealization 
of the resulting design space and the main aim behind creating such a 
representation is to ensure that the essential issues dealt with during 
design will be obvious to others (or indeed the original designer) [28].  
One approach in creating DR is to do a Design Space Analysis (DSA). 
As with the term task analysis, the term design space analysis is in literature 
often treated as an umbrella term for a rather bewildering set of 
techniques. Although the intention behind doing DSA, that is, exploring 
the design space, doesn’t in itself entail the use of some formal technique 
this is often the case in literature.  
The purpose behind doing DSA is twofold, both aiming at helping the 
designer to work divergently and think about the argument behind each 
design decision but also to produce input to the product’s DR that can 
be communicated to others [28]. 
 
Before I comment anymore on how to carry out design space analysis, I 
would like to clarify what I mean by the term “design space”. The 
founders of the QOC-notation, MacLean et al. [28] defines the design 
space as consisting of a decision space (alternative options) and an 
evaluation space (explicit reasons and criteria for choosing from among 
the possible options). The decision space’s primary elements are 
Options, which are organized around design Questions. When more 
detail is required, one of the specific options can be focused on in more 
detail and Consequent Questions can be posed. The evaluation space 
describes why the choice of particular options makes sense for the 
design as a whole. The two main concepts in the evaluation space are 
Consistency Links, which highlight relationships within the design space 
and the outside world, and Criteria 
 
Doing DSA makes the argumentation and justification aspects of design 
discussions explicit through a notational system and the design rationale 
becomes a “co-product” of the design process [28]. 
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Figure 2. Example of the QOC-notation (MacLean, 1989, p. 249). 
 
One purpose of design space analysis is to reach divergence in the design 
work. To work divergent means to work in breath, to explore the design 
space by producing as many alternatives, possibilities and ideas as 
possible. A good design process is marked by the will to learn as much as 
possible about the possibilities that the design problem embodies. Of 
course, the divergence can’t go on forever and at a certain point, every 
design process aiming at producing a product has to end by 
convergence, this as opposed to merely theoretical explorations of a 
design space.  
 

igure 3. Schematic picture of a design process starting with divergence and ending in 

nother intention behind making a design space analysis is to avoid get 
stuck on a pet design solution. This is especially easy when working 

 
F
convergence. The gray, winding lines represent design solutions in the created design 
space (inspired by Jones, 1992). 
 
A

 3 7



D E S I G N  M E T H O D O L O G Y  

alone, without anyone to discuss the design with and no alternative 
perspective to critically examine the design.   
 
There are several different notations besides QOC for documenting DR, 
ke CO-SITUE [30], IBIS [25]. I believe that how complex they are to 

ing used in real design work and those 

orking with DSA and QOC 
Holmgren et al. [2] describe their view of how one should go about 

 if one is not always explicitly 

to use criteria to evaluate design 

li
learn and use is the decisive factor. A notation can be very good but if it 
is too hard to learn and use and incorporate to the design process it will 
fail. Other important aspects are also how time and cost effectiveness. 
As an example, the repertory grid technique by Hassenzahl and Wessler 
[31] could be mentioned. This technique entails that a group of designers 
work in parallel after which their ideas are weighed against each other to 
find the best solutions or to pick out the “goodies” in each solution. But 
who has a group of designers sitting around ready to, in parallel, work 
with the same design problem?  
From the example it becomes apparent that it is important to distinguish 
between techniques made for be
aimed at merely producing design theory. 
 

W

working with QOC. They say that even
viewing a design proposal as one of several design options, all design 
options can be considered possible answers to a design question. So 
looking at a design proposal, one can always request the underlying 
design question if it is not already made explicit. Thus, if a design 
proposal is an answer, what is the question (design issue) to this answer? 
And are there other possible answers? 
How to come up with Criteria is not as clearly stated by Holmgren et al. 
[2] but they give an account on how 
options. They believe that when evaluating several options (which are 
different answers to a design question) one should not use a single 
criterion, but several. These different criteria might be in conflict. In the 
justification process one must take into account these conflicts and try to 
resolve or manage them in some way. The application of criteria to 
options means an evaluation; consequences and properties of options are 
justified and stated. With an explicit argumentation and justification 
process, it is possible to reconstruct, describe, consider and share 
different design criteria and goals. 
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However, the development and use of the QOC-notation has been, and 
still is, far from indubitable. Interestingly, Shum [32] has studied the 

 of 

  
f QOC during design. 

  
t creating too much work in later rewriting the 

Furthe
DR is  that 

ROTOTYPING 
Different prototypes prototype different things, they are made for 

diences and with different amounts of detail and 

uilt 
for communicative reasons and sometimes for testing. A 

cognitive dimensions of DR and has come to some intriguing results: 
  Early QOC-structures can impose a feeling of “completeness” 

that can be quite illusory and dangerous at these early stages
design. Bad argumentation can go on undiscovered for a long time 
and one of most severe problems is that the underlying Questions 
might not even reflect the real design issue. 
Something that Shum calls “premature commitment” (Shum, 
1991, p. 5) might also be caused by the use o
“Premature commitment” is something that occurs when the 
notation forces the designer to record his thoughts and 
argumentation in an order that he would not normally do. Tools 
like pen and paper causes no such commitments but many of the 
DR-notations do. 
How do you minimize the effort in recording decisions as they are 
being made withou
material to some formal notation? This is one of the hardest 
questions to be answered by the researchers in the DR-field. 
r, Shum [33] notes that one of the hardest missions when creating 
 to support the flowing design process. He also concludes

designers are not willing to explore the design space for every decision 
being made. The designers want to preserve the opportunity of trusting 
their own professional judgment and therefore find it unnecessary and 
costly to explore the design space for fairly straightforward decisions 
[33]. On the contrary, it is exactly these intuitive decisions that Holmgren 
et al. [2] believe should be fleshed out and articulated using a DSA-
notation, because of the difficulty in articulating the rationale behind such 
straightforward decisions.  
 

P

different purposes, au
resemblance to the eventual design. So, before constructing a prototype I 
believe that there are a few important dimensions worth considering: 

  Communicating vs. Testing. This is a distinction that has to do 
with the purpose of the prototype. Sometimes prototypes are b
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prototype of the former kind could be almost like a movie while 
the most extreme cases of the latter allow free exploration of the 
prototype since every possible way through the interaction 
structure has been prototyped. So one of the first questions to ask 
oneself is; why am I constructing this prototype? What is my main 
purpose? 
What the prototype prototypes. This is maybe the most 
interesting of the dimensions and the one that Houde and Hill 
[34] has c

  

ome up with and exemplifies in their article. They 

  

 and Hill, 1997, p. 368). To decide which audience the 

  

997, p. 369). The increasing degree of fidelity of a 
prototype doesn’t necessarily have to be connected to the 

distinguish between role prototypes, look and feel prototypes, 
implementation prototypes and an integrative version of the three that 
they call integration prototypes. Role prototypes are those built to 
investigate what an artifact could do for a user. Look and feel 
prototypes are built primarily to explore and demonstrate options 
for the concrete experience of an artifact. Implementation 
prototypes are built primarily to answer technical questions 
concerning the implementation of the artifact and integration 
prototypes are prototypes built to merge all the types mentioned 
above. 
Design Team – Intended Users – Organization. This is the 
“distinct audiences that designers discuss prototypes with” 
(Houde
prototype is targeted at is important and will affect the way the 
prototype should optimally be formed. Pone that your targeted 
audience is intended users and you are constructing a role 
prototype. Then, it is wise to consider the resolution and fidelity 
of the prototype, because if the prototype is too nice-looking and 
well crafted they might think that all is fixed and set and so they 
might not have the guts to criticize it. If, on the other hand, you 
are building a look and feel prototype and the organization 
funding your work is your audience than you might want to build 
a communicative movie showing the interface with a high degree 
of detail, to be able to show it off on your next meeting. 
Low Resolution vs. High Resolution. This is simply the 
amount of visual and behavioral detail that the prototype 
embodies. 

  Low Fidelity vs. High Fidelity. The term fidelity is defined by 
Houde and Hill [34] as “closeness to the eventual design” (Houde 
and Hill, 1
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advancement of the design process, even if that is often the case. 
An example where this correspondence isn’t valid is if a designer 
in the middle of his creative work wants to for example explore a 
new type of interaction object to a greater depth and therefore 
builds a very detailed “high-fidelity” prototype of this particular 
interaction object. 
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D E S I G N  P R O C E S S  

A design process is innately non-linear because it entails reflection-in-
action and reflection-on-action. It is a constant shift between visionary 
and conceptual work, sketching and idea production, forming an 
operative image and specifying design solutions. This shifting manifests 
that design is not a logical calculating or deductive process from a given 
design problem to a solution.  
 

 
Figure 4. A schematic picture of the zigzag way between the three levels of abstraction 
inherit in the design process (Löwgren, 1998, p. 66). 
 
Written reports on the other hand, are inherently linear.  Therefore a 
real, reflective design process becomes hard to describe in thesis form 
and when done so the process can’t be reflected in a righteous fashion. 
Since there is no other way of writing a report, the structure of this part 
of the thesis will seem linear although the design process was not. The 
chapter starts with the part about forming the vision for the system, 
going on to the part about framing the operative image and ending with 
the specification of the evolving design solution.  
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VISION 
 
“The vision provides the tension between what is and what should be and, 
aroused by this tension, the energy necessary for the effort of thinking; it 
also provides the direction in which the restructuring presses forward”. 
(Arnheim, 1962, p. 8) 

 
This section will not end in a statement of the design vision for AssistMe 
expressed in a few lines. This is because the mere nature of a vision 
makes it impossible to specify it clearly. Rather this section will account 
for the visionary work; my efforts of trying to find what I think is and 
what should be in order to find the tension to stimulate further design 
efforts and the direction in which to lead the design process. 
 

What Is? – The Initial Design Problem 
As mentioned in the stating of the research questions, one major part of 
design is seeing and framing the design problem. This has been a 
considerable part of my work and to reflect this I will start by presenting 
my initial understanding of the problem space, the one that I got when 
first arriving to the project.  
 

What? 
The purpose of the AssistMe project is twofold. It aims at creating an 
information system for those affected by heart diseases and their 
relatives and others seeking information on heart diseases. There is also 
an aim of creating a decision support system for thoracic surgeons. Both 
these systems are under development. 
For the sake of restriction this thesis will strictly focus on the decision 
support part of the AssistMe-system. This is partly because it was the 
most complex and comprehensive part at the point of development 
when this decision was to be made. Another reason was that the 
interesting nature of the surgeon’s situation of work and the importance 
of proper decision making in health care compelled to me.  
A short description of the different parts of the system accessed by 
logging in as a thoracic surgeon is given below. 
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Figure 5. A screen shot from the AssistMe-system before the redesign. 
 

Risk Assessment 
This part cannot be described in any depth because it is not functioning 
yet. The aim behind this part is said to be the offering of different kinds 
of statistical reports and patient-information based predictions. 
Two of those predictions will respectively involve; mortality – whether a 
patient will survive the operation - and morbidity – whether the patient 
will suffer postoperative problems. Other summative statistical reports 
based on a selection of measured values will also be available in this part 
of the system.  
 

Patient Cases 
This feature uses an algorithm to find similar cases to a specific patient 
case, hence it is a type of reasoning more commonly referred to as Case 
Based Reasoning (CBR). The matching is based on that the user specifies 
a patient to do the matching against by entering that patient’s civic 
registration number. To find a similar case can also be done in an 
alternative way, by creating something called a “dummy patient” and by 
specifying variables for this fictitious patient on which to base the 
matching.  
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Circulatory Support Devices 
Articles on different support devices are shown in short versions. A 
collection of links to various sites of medical interest can also be found 
here. 
 

General Information 
Here some Internet links for patients and some other links for surgeons 
are presented and so-called “questionnaires of life” for patients can also 
be found here, as well as pictures from surgery for patients to look at. 
That is was an short account of what AssistMe currently is, now we will 
go on to look at why it is, who it is for, when and where it should be 
used and with the help of what.    
 

Why? 
Heart failure occurs in approximately 1,5% of the patient cases after 
open-heart surgery, needing left ventricular assist devices [Z]. The main 
motivation behind the development of the decision support system in 
AssistMe has been to assist surgeons in their decision-making concerning 
the insertion of such devices. 

Who? 
Thoracic surgeons are the targeted users of the system 
 

When? 
Physicians are expected to use the system in three different ways at three 
different stages in the treatment of a patient [l]. These three ways of 
using the system are: 

  Before surgery - Consulting. The physician may use the system 
preoperatly to plan the operation and decide which measures to 
take for the patient 

  During surgery - Briefing. The physician may use the system 
perioperatly to get support during surgery when new and 
sometimes unexpected situations occur. 
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  After surgery - Debriefing. The system is also to be used 
postoperately for the clinicians to add cases to the database and 
add knowledge to the advising part. So, clinicians should be 
turned into active developers and evaluators of the system. 

 

Where? 
There is nothing stated about this 
 

With the Help of What?  
AssistMe is a web-based system and according to Koele [36] there 
should be two different features aimed at helping the user to interact 
with the system. These are described in the following two sections even 
though they are not yet implemented in the AssistMe-system. 
 

Help 
Help is aimed at primarily introduce the system and provide descriptions 
for specific functions and topics in order to give the user an overview of 
the system functioning. It is also aimed at guiding users through all steps 
of using the system. Each page in the AssistMe system should be 
connected to a specific help page, which contains a list of potential 
actions and a short description of what the particular page can be used 
for [36]. 
 

Advice 
The advising system will look similar to the help system in how 
information is presented on the screen but the mode of interaction 
should be different. The help system is intended to provide help pages 
related to a topic by user request whilst the advisory system will present 
information automatically but it could also be called upon manually. The 
advisory system presents a short overview of which results that can be 
expected from using various features in the system and it instructs the 
user on how to interpret a result from, for instance, the patient case 
algorithm [36]. 
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Both the advice and the help pages are to be created by developers from 
static templates. Another feature is something called dynamic pages. 
Selected physicians and medical staff members are to be authorized to 
add comments and explanations to the system and these will be visible to 
all other users. An example given by Koele [36] is that a physician can 
add an explanation to an uncommon abbreviation shown in the system 
by locating the abbreviation, adding an explanation and a short 
comment. 
 

Activity: Interaction Structuring  
To understand the content and structure of the original design, the 
visionary work started of by a modeling of the system’s current 
interaction structure (Figure 6).  
 

 
Figure 6. A photo of the interaction structure hung on the wall of the office. 
 
The different parts of the system were identified and screen shots taken 
from these parts were printed and taped up on a big poster. All the 
interactive parts were marked and arrows were added pointing to where 
in the system each interactive gadget led. Unfortunately there were no 
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document or person to inquire on the rationale behind the structure or 
on the content and functions of the system for that matter.  
The interaction structure in the form of a poster was hung on the wall in 
the project office for public display in the aspiration of evoking some 
discussions on the systems current content and appearance and to give 
myself the possibility of commenting it on post-its whenever an idea 
came up. 
 
The result from the interaction structuring was first and foremost a 
design artifact in the form of an illustrative interaction structure that 
worked as an imagery of the current design situation, which mediated 
discussions and functioned as a springboard for the rest of the visionary 
work.  
One of the first awarenesses that rouse during this constructing work 
was that the current system was actually two totally different systems 
brought together; one decision support system and one information 
system with completely different purpose and user groups. Now they 
were partly interwoven so the patient information of no interest to the 
surgeon was for instance seen in the surgeons’ decision support system. 
Hence, the necessity to divide the two and to treat them like two 
different systems became apparent. 
The evolving interaction structure also gave rise to spontaneous 
discussions within the project group about the system in large and about 
the advantages and disadvantages of the systems current content and 
appearance. 
An awareness that grew out of these discussions was that some parts 
were to be saved, some had to be moved to the information system for 
patients and that some were to be excluded in the new design. 
Another essential understanding gained was that the system concept 
could only be tested and evaluated based on the functioning parts of the 
current system although major parts were under construction. Of course, 
from a project point of view, it would be desirable to state something 
about the intended system functions but even if this would be 
theoretically possible the quality and utility of these results would be 
highly questionable. This is due to the fact that it is hard for users to 
imagine the new way of working that the introduction of a computer 
system leads to. The testing of actual prototypes in the work situation 
aids this envisioning but to hypothetically assess intended system 
features becomes far too abstract for evaluative purposes. Therefore the 
concept can only be tested based on the content and appearance that can 
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be realized today which leads to the reckoning that the study only will be 
able to show whether a decision support system with it’s current content is 
a good idea.  
The interaction structuring also opened my eyes to other issues to 
consider. Seeing the results from for example the CBR rouse legal 
considerations regarding the management of civic registration numbers 
and other private information over the Internet. The questions of 
copyright legislation also rouse because of the ubiquity of where the 
existing textual information came from and whom it was that held the 
copyright. 
The structuring work revealed a considerable amount of redundant 
interaction structures, such as several links in a screen page all leading to 
the same screen page as well as some broken links and the identification 
of which parts that were under construction. 
One insight gained was that the interaction in the CBR was made as 
what could be seen as one “golden path” with one awkward alternative 
way of interacting, treated like an odd special alternative (meaning that 
the two equally plausible ways of interacting with the CBR was not 
treated equally). The “golden path” was based on the entry of a civic 
registration number in order to use the CBR. This gave rise to the feeling 
that the way of interacting with the CBR had to be looked over and 
revised. 
 

Activity: Contextual Inquiry 
Can usability professional acquire enough knowledge in the medical 
domain to understand the clinicians’ reality and rightfully carry out a 
usability evaluation in the medical world? Gosbee [11] discusses this 
issue and my belief is that; yes it is possible, but it takes time and to take 
on an ethnographical apprenticing approach is a necessity. The clinician’s 
work is so habitual and natural to him that the only way to get access to 
the strategy and thoughts behind his work is to take on an apprenticing 
role. 
 
Even though the aim behind doing ethnographical studies is to get a full 
picture of the studied situation, a focus of some sort is still important. 
Thus, the first thing to do is to decide on a focus for the inquiry. Since 
the aim of this study was to define the important qualities-in-use for this 
context of use, the focus was set to the question of what seemed to aid 
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and hamper the clinician in his daily work. How could this work be 
supported?  
Since the findings were to be used in the development of a DSS a 
secondary focus was set to view if and where there existed knowledge gaps 
and query on whether a DSS might fit into these situations. 
 
For several days I followed different surgeons around trying to 
understand all their different tasks and how they fit together. One-on-
one I did situated interviews and developed a partner relationship with 
the surgeon. Every evening diary notes were taken and any special 
inquiries for the next day were prepared. 
 
The main result from the contextual inquiry was an understanding of the 
work of the thoracic surgeon. It is hard to externalize and articulate this 
understanding in an exhaustive way since much of it is constituted by a 
“feeling” for the surgeon’s work situation. Although hard to articulate, 
this feeling has profoundly colored my view of “what should be” (to 
quote Arnheim, [35]) and has been used as a tool in the choices that were 
made during subsequent design efforts.  
The apprenticing sessions of inquiry also resulted in a relationship with 
the physicians, which became a valuable resource throughout of the rest 
of the work. This gave me the opportunity to acquire and verify my 
understanding of the clinician’s work practice and at the same time the 
physicians became a part of the project and my belief is that this 
strengthened their apprehension that the project was really being driven 
by their needs.  
The awareness that CBR might well be a powerful tool in delivering 
decision support also rouse during the field studies. This was due to the 
fact that the clinicians already seemed to be thinking and reasoning in 
terms of the experience from previous cases. During the morning 
meetings and x-ray meetings I heard them talking in what can be 
compared with case based reasoning, like ”I had a patient like this once, he 
[…] but I don’t remember every detail, I can ask x if he remembers”(Excerpt from 
field notes, my translation) 
The feeling that the use of computers was seen as secondary and 
burdensome also came about during the inquiries. It is not easy to 
explain how I got this feeling but one example could be the apparent 
shift in reaction when I introduced myself. During my site visit I often 
had to introduce myself, to tell surgeons and others about what I was 
doing there, what my purposes were and where I “came from”. It was 
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interesting to see that when I first said that I came from the department 
for medical technology they brightened up and said something such as 
that they really appreciated some new device that the had started to use 
during surgery. When I then had to adjust my statement by saying that I 
worked within a project that used computers and IT, some got quiet and 
then informed me on things like that the computer system that they used 
was the computerized patient record (CPR) with a tone of voice that I 
interpreted as some sort of dissatisfaction. 
 
I also came to learn that the decision on what to do for a heart patient is 
often a joint decision, a result from a discussion between surgeons, 
cardiologists, radiologists and so on. My conclusion therein was that a 
decision support tool for this environment should be able to mediate this 
type of discussion. The surgery in itself was of course also done by a 
team and therefore it was of paramount importance that they all reach 
consensus and share information before surgery. I find the notion of a 
“team mind” as defined by Klein [37] to be helpful in the description of 
what I encountered in the work situation at the thoracic clinic. 
These site visits at the clinic provided me with an invaluable 
understanding of the previously unfamiliar environment of thoracic care 
and laid a firm basis for the coming design activities, like writing 
scenarios and task analysis. 
 

Activity: Writing Scenarios 
When the contextual inquiry sessions were over I wrote scenarios to 
present my understanding of the work process within thoracic care and 
to elaborate on where to incorporate AssistMe into this process. The 
scenarios were then read by a thoracic surgeon to verify my 
understanding and to correct the clinical details. He also thought of 
another scenario to be added.  
Since the scenarios were to be used during the testing of the system it 
was seen as important to get the clinical details right in order to avoid the 
testing being caught up with the medical correctness of the scenarios.  
The result from this activity was a collection of design artifacts; 
scenarios. These scenarios worked as a documentation of the vision and 
opened up the opportunity to explore the system’s functionality, by 
enabling me to experiment with different scenarios in thought. The 
scenarios were also created to later be used as tools in the evaluative 
process. 
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To have one of the thoracic surgeons read the scenarios gave me yet 
another verification on my understanding of their work, which felt 
assuring. 
 

Activity: Task Analysis 
As indicated in the theory section the term task analysis is somewhat 
faulty, because it is not really an analytical endeavour but rather a 
descriptive one. The task analysis is based on the insights gained during 
the contextual inquiry and as scenarios; task analysis is just another way 
of documenting this understanding. Notwithstanding this it is treated as 
a separate design activity for the cause of clarity. 
To do this high level representation of the work process the HTA-
notation [25] was believed to be suitable but in fact it turned out to be 
too weak or unnecessarily complicated when it came to representing 
conditional tasks, parallel tasks and it became unnecessarily intangible to 
depict action sequences. Therefore UML Activity diagrams were used 
instead. The aim of HTA is to describe the task in terms of a hierarchy 
of operations and plans [25] but this was found to be done just as well in 
UML Activity Diagrams as described by Fowler [38].  
 
During the construction of these diagrams the insight was gained that 
task analysis might well be more necessary to do when designing for the 
clinical setting than for many other settings. This is due to the fact that 
systems that require the physician to change their normal pattern of 
patient care tend to fail [4]. The clinicians’ priorities or day-to-day 
motivation of protecting their patients, protecting their time, and 
protecting their resources, results in that the use of computer systems is 
inevitably seen as something secondary. So the task analysis becomes an 
important basis for the especially demanding toil of deciding where to fit 
in the system in the clinicians’ normal pattern of care. 
 
The result from this descriptive activity was yet another design artifact; a 
task analysis illustration done in UML-notation, a fragment is shown 
below. 
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Sends 
patient 
to the
cardiac 
clinic 

Gathers 
the team 
that is on 
call to 
perform 
the 
surgery 

[Surgery is
necessary]

Judges whether 
surgery is necessary 

Receives an 
emergency 

patient 

[Is on call]

Does some paper 
work 

Does the round in 
the ward, visiting all 

patients 

[There are  
patients  

to be  
signed in] 

Does the round in 
the ward, visiting all 

patients 

Signs in 
new 

patients 

[It’s 
Thursday]

Is on duty 
in the 

infectional 
reception 

[Is responsible for
the ward today] 

Figure 7. A fragment of the task analysis diagram 
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Another finding was that it is also especially difficult to do task analysis 
in the clinical setting. During the field studies while talking to clinicians I 
came to realize that every clinician has his own way of doing things even 
though they all have the same basic goal. This fact limits the use of task 
analysis in the field of thoracic surgery to only being applicable on a 
fairly high level of abstraction. Thus parts of the understanding and feel 
for the work situation that I gained during the contextual inquiry 
couldn’t be presented using task analysis. Still these insights were 
documented in other ways, like field diary and scenarios and I believed 
they colored me in my design work and considerations on qualities-in-
use. 
The final result of the activity was however that mapping out the work 
done in thoracic clinic on what can be seen as an organizational level 
rendered me a clearer view of the work process and gave me a basis for 
elaborating on where and when in this process AssistMe could be used 
in the future. 
 

Activity: Style Study 
Besides trying to understand the clinicians’ daily work during the visits at 
the clinic I observed what computer systems they used, when they used 
these and asked the user what they thought about it.  
Much technology and a few computer systems where used both in the 
operation theater and at other places at the clinic. 
I concentrated on the systems that the surgeons used. During surgery 
they didn’t actively interact with any computer systems at all and it 
turned out that they basically used two computer systems in their 
professional work. One of these was a system showing the operation 
schedule with the clinical staff, time, place and type of surgery for each 
scheduled operation. The surgeon could not change the information but 
he could only add comments to the planed surgery. The information that 
this system gave was constantly changed and updated centrally which 
meant that it basically had to be “passively” monitored. One of the 
surgeons that I questioned about this system said that it was very 
important and central to the work at the clinic. I also observed that there 
was a physical representation of the same scheduling information plotted 
on a whiteboard next to the operation theaters and that the daily 
schedule always was discussed during the morning meetings so that 
everyone had any possible changes clear to them.  
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The other computer system that the surgeon used in his profession was a 
computerized patient record (CPR). Another surgeon showed me how 
this system worked, explained what it was used for and how to interact 
with it. Basically the CPR was a huge sheet for choosing among pre-
specified variables and filling in comments on how the surgery went and 
many other things. The surgeon explained that different users at 
different locations used the CPR during the whole process of care for a 
patient. The system structure was based on the chronological order 
mirroring the process of care.  
 
One of the results from this explorative activity was a feeling that the 
surgeons were annoyed by using the CPR because it didn’t give them 
anything back. The fact that the motivation was totally external seemed 
to be the main stumbling block. 
My intension when conducting these style studies was partially to find 
out if the computer systems that the surgeons used had some special 
mode of interaction that they were used to or some other quality that I 
might let my design be inspired by. But I gained the insight that the 
graphical profile and the way of interacting was not something that I 
would want to adopt. Both systems had a gray “visual-basic-look” about 
them and the CPR had an odd and unnecessary complicated way of 
interacting. The only thing that I found worth considering to adopt from 
the design of these two systems was the process-oriented structure of 
information in the CPR, a structure that seemed natural and very familiar 
to them.  
Further I got the impression that the surgeon felt that the information 
put into the CPR was for mere storage and that they didn’t use the 
extensive amounts of data for anything except just gathering them. This 
rendered me the insight that if AssistMe could use this collected data it 
just might also give inner motivation and increase the satisfaction in 
using the CPR, since they were forced to use it anyway. 
 

Activity: Setting Up the Qualities-in-Use 
One of the research issues assumed in the work behind this thesis was to 
find out which design considerations that were important during the 
development of clinical DSSs in general and the AssistMe-system in 
particular. The important design considerations to be made are 
protecting the values and qualities-in-use that will be presented in this 
chapter. Further it’s also to make sure that they profoundly affect the 
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design by reflecting these values and qualities-in-use in more specified 
indicators that could guide design. Values and qualities might be 
overlapping or conflicting, as you will see. I have focused on a few core 
human values, namely; social, aesthetical, practical, psychological, 
juridical and the value of user autonomy. Simply put, the qualities-in-use 
presented below are what I have found “good” to mean for a DSS, in 
this context of use, for these users doing the work that they do.  
 

QiU: Serving the Team Mind 
This social quality is based on the understanding that thoracic care is 
done by teams. Many situations of work within thoracic care, and 
especially surgery, build on a tacit understanding between the team 
members. Developing a clinical DSS for this context of use, one should 
acknowledge this and aid the creation of this crucial concordance.  
 

QiU: The Feeling of Trust and Accountability 
Considering the seriousness of the matters that the DSS is dealing with, 
this aesthetical quality-in-use accentuates the importance that the system 
conveys the feeling that it can be trusted. 
One way of making a system trustworthy is to make sure that the two 
aspects of computer safety are acknowledged; that no one can read 
private data and that no one can change private data.  
The system also has to give the impression of, and actually be, stable.  
During the contextual inquiry I have found that the statement by 
Gosbee [11] appears to be true; clinicians do not like to be put in a 
situation of (computer) novice and uncertainty. Therefore the entire 
work of redesign described in this thesis will aid to fulfil the quality of 
trust, since a condition for trusting something is that you understand it 
and can manage it. 
 

QiU: Interruptability 
This practical quality-in-use arouse during the construction of the task 
analysis when it became clear that AssistMe will be used when there is 
time left over, especially at times like the days when the surgeon is 
responsible for the ward. Also, to follow the surgeon in his daily work 
rendered the insight that the staff locator often disrupts him in his 
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activities and that this makes him take a decision on what action to 
prioritize and possible leave the one he is currently doing. Hence, the 
possibility to easily interrupt the interaction with the system without 
having to go through extensive measures to terminate processes 
becomes an important quality-in-use.  
 

QiU: Ease of Learning 
The technical evolution is moving fast and the amount of devices 
introduced into clinical practice is considerable. Many of these demand 
extensive training in order to be used effectively and this takes time and 
effort. When I during surgery was talking to an anesthesiologist, he told 
me about the problems that they all have because of the considerable 
amount of new devices that they all have to learn and use. He explained 
that this is currently solved by one of them taking on the duty of learning 
a certain device to a greater depth and then the others are taught to use 
the instrument during, for example, one afternoon as a lesson in learning 
how to master the new device. Still the one who has learnt the device to 
a greater depth becomes a resource that is used frequently by the others. 
One way to ease the learning and lower the threshold for effective use of 
a new device, whether it’s computerized or otherwise, is to offer what 
Norman [39] calls “knowledge in the world”. Thus the device holds the 
knowledge that is required to use it readily available and the user doesn’t 
have to hold this information in his head. This quality can be seen as 
coupled to the quality of cognitive relief presented below. 
Another way to ease learning is to strive for similarity amongst the tools 
used in the use situation. This is a quality that is important in the use of a 
system in this situation and therefore it is a quality-in-use but it is not a 
quality that can be built into the design of one single system. Rather, it’s 
an effect of studying existing devices and altering designs to reach this 
quality. 
 

QiU: Effective Interaction 
Looking at the time-pressured, hectic and demanding context of clinical 
care it becomes apparent that the interaction with a system such as a 
DSS ought to be effective in the sense that it should demand little time 
and effort. 
The field studies points to that Henkind [12] was right; the clinicians 
day-to-day motivation of protecting their patients, time and resources are 
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the most important to them. Talking to clinicians about the use of 
computers and other devices, the discussion often is concluded by the 
wish of not having to pay attention to technology. The interaction with 
technology is certainly not one of their motivations nor is it valued in 
itself as it would be for say someone who plays a computer game. With 
this in mind I believe that clinicians can be positioned at the extreme of 
impatience.    
 

QiU: Providing Cognitive Relief 
This is a psychological quality-in-use. While learning about the situation 
of clinical work I came to the recognition that anything providing 
cognitive relief can be reckoned as valuable in that setting. The amount 
of information that the clinician needs in order to practice medicine well 
today is increasing [12]. Hence there might be an even greater need for 
computer support in health care now than ever before. DSSs could be 
used for, as Shortliffe [40] puts it; “memory jogging” and in that decrease 
the cognitive overhead.  
One of the organizing principles that we as humans use to make sense of 
the world is the forming of expectations. Expectations are formed by 
our ability to see patterns and reoccurring phenomena. They provide a 
feeling of stability and let us anticipate and recognize rather than 
remember. Allowing users to form expectations when using a computer 
system is one way of providing cognitive relief by system design. Routine 
work, like the work I observed at the clinic is partially built up by 
recognizing the situation, knowing what to expect and thereby act upon 
it. A decision support system could increase the clinician’s ability to 
expect by providing previous examples of similar cases. Thereby, DSSs 
can be said to provide cognitive relief since they also eases some of the 
stress that uncertainty is known to cause.   
 

QiU: Providing Psychological Support 
Experiencing the real work situation of clinical care brought me to the 
valuable insight that the support the clinicians are looking for might not 
merely be decision support in the form of clinical knowledge. There is 
another psychological dimension that has to be considered when looking 
at what clinicians are talking about and why they say what they say to 
each other. As an example we could take the difficult situation of telling 
a patient that there isn’t much they can do for him anymore but to 
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relieve him form his pain. In such a situation the clinician might talk to a 
colleague and ask what to do, but what he is looking for is not a detailed 
description on which measures to take or what words to say to the 
patient. Instead, he is looking for psychological support, empathy and 
backing. This need can never be addressed by anything other than 
colleagues and other humans [10].  
It may seem odd to look at this quality as a quality-in-use to be 
considered during the development of a DSS, since this quality is 
conflicting with the very raison d’être of the DSS. Still, it is worth 
mentioning, if not as a possible explanation as to why clinicians might 
continue to seek support from each other rather than from computer 
systems.   
 

QiU: Freedom of Choice for the Clinician. 
The value of user autonomy is embraced in this quality-in-use. Just as 
Friedman [16] declares in her article on value-sensitive design, I have found 
user autonomy to be an important human value to consider during 
design of clinical DSSs. Autonomy is essential for human development 
and self-fulfillment. The freedom of choice is probably one of those 
things that are easily forgotten and easily taken for granted but 
something that becomes very prominent when violated. This quality is 
fundamental to human well being, personal development, independence 
and flexibility; essential ingredients of job satisfaction for a clinician.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 6 0



D E S I G N  P R O C E S S  

What Should Be? - Reframing the Design Problem  

What? 
According to my definition of decision support systems, presented in the 
Theory chapter, AssistMe is a DSS. On the contrary, considering the 
conditions by which a DSS is defined by Wyatt and Spiegelhalter [REF], 
AssistMe is not a decision support system. This is due to the fact that no 
knowledge base (in the way that they define it) is incorporated into the 
system and therefore it lacks the ability to give patient specific advice. 
The question on whether this is a good thing or bad thing can be subject 
to lengthy discussions and is briefly touched upon in the section called 
“With the help of what?” below.  
Thus, dependent on the choice of definition, AssistMe is a DSS or not. 
Yet, throughout this thesis AssistMe is treated as a DSS. 
 
Using the means for categorization presented by Shortliffe [4] as referred 
to in the Theory chapter, AssistMe can be said to be a tool for 
information management. The system does not help the user to apply the 
given information to a specific decision task, it merely presents patient 
data in different ways, enabling the clinician to use his own knowledge 
base to make use of the presented data. AssistMe is therefore rather a 
system for enabling the user to plunge into the database, testing 
hypothesis and create new theories.  
Still, it is a decision support system because it’s purpose is to give 
information to aid a decision process. This is an important distinction to 
be made because there is a huge difference in which considerations that 
must be made between a tool for information management and a tool 
for patient-specific consultation. 
 
During the field studies and the task analysis I became aware that the 
decisions being made in the work situation of thoracic care were mostly 
made by teams. Therefore, a system aimed at aiding the decision process 
in this context should acknowledge this and mediate this joint decision-
making. So, AssistMe ought to be designed to be used by the individual 
physician and if he finds something that affects his decision making, for 
example before surgery, he can convey these findings so that the group 
has the same understanding of the situation as him during surgery.  
 
A short description of the parts of the system accessed by logging in as a 
thoracic surgeon is given below. 
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Cluster Analysis 
The cluster analysis is a part that was integrated to the system during the 
course of my visionary work. Hence, throughout my visionary work I 
gained an understanding of the concept of cluster analysis since it was 
totally new to me when I started working in this project. To share some 
of this understanding with you I could briefly mention some 
cornerstones. Cluster analysis gives the means of sorting different 
entities, in this case, patients, into different groups or clusters. This helps 
the user to find out if there are any natural groupings and from this the 
user can find obvious connections and structures in data that would 
otherwise be just immense amounts of data. The cluster analysis cannot 
be used to see how things are connected, just that they are. A surgeon can 
use cluster analysis to identify groups with similar symptoms or course of 
disease.  
The surgeon might have a hypothesis like; for low-risk patients it is good 
to insert the Left Ventricular Assist Device (LVAD) as early as possible. 
The aim behind the cluster analysis is to give a hint on the validity of this 
hypothesis but it cannot give a certain answer if the hypothesis is true or 
false. The cluster analysis might also sometimes cluster the data in a 
totally unexpected way and new hypothesis can be made from there.  
The aim behind the cluster analysis is to enable the user to build clinical 
hypotheses, see connections and thereby expand his knowledgebase. In 
the long run this is aspired to affect future decision-making. It can be 
said to be an indirect decision support.  
Someone once said that clustering is like an art, which makes you realize 
that it might take a while to get a feel for how to master it and it takes a 
while before the user can judge whether it is a tool that can be of use in 
his work. 
 

Case Based Reasoning 
The idea behind case based reasoning, CBR, is to give the user the 
opportunity to look at patient cases similar to for instance the patient for 
whom the surgeon is caring at the moment. This is a more direct 
decision support, a decision support more in the traditional sense and it 
is a way of thinking that closely resemblance clinical thinking. 
 
CBR can be seen as creating expectancies for situations in which there 
otherwise should be none. To create expectancies without experience is a 
rather unusual way of providing decision support. According to Klein’s 
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[37] RPD model, the expectancy is only one of the first parts of decision 
making, what to do is left to the user and isn’t supplied anywhere else in 
the system. This might be a suggestion for future change, to only build 
up expectations on what is true about a patient if there also is 
information on what to do for the patient. 
 

Links and Publications 
By gathering the textual information and links that was spread out on the 
different pages of the system this part of the system was found to be 
necessary. The decision was then made that only links and publications 
of interest for the surgeon within the field of thoracic surgery were to be 
presented. 
 

About AssistMe 
In this part of the system information on the mission and vision behind 
the system, the project description and a brief presentation of the staff 
involved in the project is given. 
 

Why? 
The purpose behind AssistMe rests on the fact that LVAD-surgery is 
seldom done. Due to this, surgeons don’t have the rigorous experiences 
with these types of surgeries as they do with more ordinary types of 
surgery like Coronary Artery Bypass Graft surgery (CABG), which they 
perform daily. This is how one surgeon puts it: 
 

“The feeling for what decisions to make and what to do during a 
operation comes from a combination of many measured values and from 
situations that you have experienced, that is what medicine practice is all 
about. The problem with the LVAD-patients is that they aren’t done as 
often, maybe just a handful of times a year, and therefore you don’t have 
as much experience to rely on in those cases”. (Excerpt from field notes, 
my translation) 

When? 
As presented amongst the initial design premises, AssistMe is aimed for 
being used in three different modalities; before the surgery, during the 
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surgery and after the surgery. During my field studies and my work with 
the system I have come to realize that the ”during”- and ”after” 
modalities might not be so suitable in the real context of use. 
 

Before Surgery 
As mentioned above the individual physician can use the system and if 
he finds something that affects his decision making before a surgery he 
can convey these findings so that the group has the same understanding 
of the situation during surgery. In accordance to the findings from the 
task analysis, the individual use will be done whenever there is time. 
However the potential conveying of interesting findings to the group can 
be done during meetings.  
 

During Surgery 
In theory the need to use AssistMe could as a matter of fact be 
substantial during the surgery since I have learnt from surgeons that;  
 

”You find out as much as possible about the patient and his lab values 
and diseases and so on before the surgery but those tests can never give you 
the full picture and you have to be aware that you can’t know everything 
about the patient’s state until the chest has been opened up”. (Excerpt 
from field notes, my translation) 

 
What the surgeon then finds out can sometimes changes the situation 
totally and the surgeon has to replan the surgery and this is where you 
can find a typical knowledge gap where a decision support could fill a 
need. 
Though, during my site visits at the operation theater I have come to 
realize that interrupting much of the work going on in there could have 
serious consequences. This is mainly because interruption of complex 
tasks is known to cause human error and should therefore only be done 
for particularly strong reasons.  
Other related question emerges; who would interact with the system 
during surgery? The surgeon? All disinfected and bloodstained? A nurse? 
But could the surgeon trust his judgment and statement? A trivial thing 
such as where the computer should be placed also has to be resolved. 
They have many other monitors and devices, but will there be enough 
room and will it perhaps add confusion to the situation?  
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And what about interruption effects on action? By interrupting the 
operation for using the system slips and lapses can be made especially in 
the beginning. 
Then there’s always the time aspect to the “during” modality. Although 
it is not as critical as one first might think to do a heart surgery as quick 
as possible there are still times, as during cardiac stop, when time is 
critical. So the question is, will they have time to use the system and is it 
perhaps under those critical moment when they need the system the 
most that they still can’t use it because of lack of time? 
 

After Surgery 
The debriefing part of the interaction was planned to take place 
postoperately to let the surgeons add cases to the database and add 
knowledge to the advising part [36]. As said in the Theory chapter, 
reentry of data known to be available in a computer system near by, in 
this case the CPR, has been shown to be very annoying [1]. My belief is 
therefore that the database should automatically extract data from the 
CPR so the surgeon doesn’t have to do that in order for the system to be 
successful. 
So, if the clinicians shouldn’t change the database, then what could they 
change during these debriefing sessions with the system? 
There is no advice or knowledgebase in the traditional sense; the 
reasoning is done with algorithms managing patient data. The only thing 
inherit in the system that would be left to change would be the 
algorithms and that can’t even be considered as an option. One thing 
that the clinicians could do postoperatively would be to use the system in 
a post-hoc manner to test a hypothesis they got during surgery by using 
for instance the cluster analysis. 
 

Where? 
During the task analysis I came to realize that the system will be used 
when there is time left over, so it is good if they can use it directly when 
these gaps in the schedule appears. Two conditions for this to be 
possible are that a computer is available when this happens and that the 
system is available on the computer. Because AssistMe is web-based the 
latter condition will easily be fulfilled. The first condition will also be true 
because there are computers everywhere at the thoracic clinic, for 
instance in places like their receptions and in the ward. 
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If a clinician finds something interesting when using AssistMe that he 
wishes to share with the rest of the team this can be done during 
meetings. While conducting site visits I noticed that this wouldn’t be a 
problem because there are computers in all the conference rooms, 
connected to the Internet and a projector.  

Who? 
The individual use is done by the surgeon and he can then convey any 
interesting results to the group so that they will have a mutual 
understanding of the situation during surgery. 
 

With the Help of What? 

Polemics on “Advice” 
Firstly I would like again to focus on the categorization of DSSs, how 
they differ and above all why they differ.  
I believe there are reasons why the DSSs developed throughout the 
history have been giving either full patient specific advice or haven’t 
been given any advice at all. I have found no system in the literature that 
gives just a little advice. Based on the definition of DSSs presented by 
Wyatt and Spielgather’s [5] the reason is that the system either has the 
patient database and the knowledge rules needed to give full patient 
specific advice or simply hasn’t.   
I would then like to focus again on what AssistMe really is; a system for 
hypothesis- and theory making. The cluster analysis, for example, gives 
the clinician the means for grouping patients together to test his own 
theories on which parameters that makes one type of patient different 
from another type of patient. 
The aim behind the planned “advice” feature is to give advice that 
instructs the user on how to interpret a result given by the system [36]. 
Such an advice could for example be; “the given results points to that 
inserting the pump early during surgery is good”. If the system is for 
hypothesis- and theory making and we hint the user or give him “advice” 
on what the results from the system might mean then we have strongly 
biased his thinking and hypothesizing about the given results. So, to give 
advice in AssistMe could be seen as an counteracting on our purpose 
behind the system.  
Then there is always the responsibility issues that emerges when telling 
the user how to interpret and/or apply the results given by the system. This 
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should be done with extreme care in order not to give incorrect advice 
and thereby simply mislead the users.  
Even if one should decide not to offer advice on how to interpret or 
apply results, but only on how to use the system, the mere use of the word 
advice should be thought-trough both once and twice, especially in the 
context of system that is called a DSS. This is because the term in this 
context is so tightly coupled with instructions on how to use the output 
or what to do for a patient, that it would most certainly lead to 
confusion.  
 
To give “selected physicians” [36] the opportunity to change the content 
within the system is furthermore something that I find highly debatable. 
Questions like; How should these physicians be “selected”? What will 
the reactions be from the other “non-selected” users? How will it affect 
the credibility of the system? These are issues necessary to consider and 
resolve. The first question is not about how the selection should 
practically be carried out but rather a question of fairness. The next 
question is meant to touch upon the “intra-interobserver variabilities” 
(van Bemmel and Musen, 1997, p. 275), whether a clinician would use a 
system that is clearly colored by another clinician’s thoughts and means. 
The last question concerns a clinical system’s ability to convey trust and 
accountability, an important quality-in-use.  
 

So, is there an Alternative? 
To make the learning threshold and the cognitive load as low as possible, 
the use of metaphors is a powerful tool [37]. 
The field studies showed that clinicians occasionally actually think and 
talk in terms of CBR, or rather in terms of the similarity to previous 
cases. Therefore the CBR function in the AssistMe-system will be easily 
grasped and might not even need a metaphor. Cluster analysis on the 
other hand is harder to comprehend. The clinicians have no previous 
training in the underlying algorithm or the concept of cluster analysis, so 
to build an understanding of what cluster analysis really is by providing a 
metaphor would in this case at least be worth considering. 
An introductory tutorial that starts by giving a conceptual model for the 
function, then follows a walkthrough based on that the user is 
performing after instructions. For each step the user is given a rationale 
on why he is acting so and for each step in the walkthrough (where it 
adds value) the parallel with the metaphor can be drawn. The possibility 
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to evoke contextual help should then be present when the user starts 
using the system “on his own”. 
To convey a good conceptual model we must find a conceptual model 
that is familiar to our users and therefore can be easily understood. To 
find a conceptual model that is consistent with how the cluster analysis 
work is hard and inevitably there will be brakes in the metaphor where it 
doesn’t fit. Therefore, it is important not to draw the metaphor to far, 
creating false expectations.   
For the sake of restriction I have chosen not to design this help-function 
in detail, nor to find the optimal metaphor for the cluster analysis. 
During the evaluating session I functioned as the tutorial, explaining the 
concept of cluster analysis and later answering contextually evoked 
questions that came up during the use of the system. 
 

Comments on the Reframing of the Design 
Problem 
In comparing the initial and the reframed design problem obvious 
differences become apparent and a considerable tension emerges. This 
tension is exactly what came to inspire me throughout the remaining 
work and direct the remaining design process.  
 
As you can see, the understanding of the problem space changed 
considerably over the course of time and this might be due to a couple 
of factors. To go out into the field of thoracic surgery and look at their 
work and try to learn about the clinicians’ needs provides fundamental 
understandings of their reality that are essential for any undertaking 
aimed at developing computer systems to be used in this field. 
Field studies are not meant to be done after one version of the system 
already has been developed, as is the case in this thesis, but should 
preferably be done in the beginning of a system development project. 
The functionality that is in the system today had to be accepted and 
could only be slightly altered since the mission was to test the concept 
behind the system as it is today.  
 
Design problems are wicked [41] and the social complexity inherit in 
wicked problems is what I have found to be the predominant factor in 
trying to solve such problems. Wicked problems always occur in a social 
context and the wickedness of the problem reflects the diversity among 
the stakeholders in the problem [41], so reaching consensus among the 
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stakeholders is crucial for solving the problem. The need for a “spider in 
the web” becomes apparent, someone to coordinate the communicating- 
and negotiating efforts to reach this consensus. Techniques to get 
everyone in a project group and users and others to speak in the same 
terms will aid the process. The techniques used in this thesis turned out 
to be terrific tools for that.  
Wicked problems have no stopping rule. Since there is no definite “The 
Problem” there is no definite “The solution”[41]. I believe that the 
reason why I at last considered the problem to be sufficiently framed in 
was basically because of the impression that a consensus was reached 
among the stakeholders involved in AssistMe. 
 

 6 9



D E S I G N  P R O C E S S  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 7 0



D E S I G N  P R O C E S S  

FRAMING THE OPERATIVE IMAGE 

 
“The operative image is the first attempt to make a design proposition 
external, that is, manifest outside a designer’s imagination.”(Bratteteig 
and Stolterman 1997, s. 295) 

 
To externalize a vision and take onto the next stage of specification; the 
framing of an operative image, entails further concretization. The 
externalized solutions enable the designer to examine, communicate and 
manipulate this operative image. 
 

Activity: Externalizing the Design 
When externalizing your vision for the design by writing about it, it is 
hard not to get bogged down with the nitty-gritty details of the design. 
Every design decision on every level, ranging from choice of colors to 
decisions on radically changing the functionality, are interconnected 
which makes it hard to find a clear stopping rule when writing about the 
these decisions and the evolving design. 
 
Since my task was to redesign an already existing system the visionary 
activity of interaction structuring proved particularly useful when it came to 
externalizing the design, because it had acquainted me with the existing 
system. Some of the insights gained during this activity came in handy 
during this more concrete chore of framing the operative image. They 
basically led up to the conclusion that the core, or purpose, behind each 
part of the system would largely be saved but that the new design would 
be nothing like the old one.  
To figure out the basic raison d’être of the essential functionality and to 
get down to “scratch material” from which to build the new design I also 
drew schematic sketches of each part of the system. These sketches will 
be shown below and function as reference points to which I will refer 
my comments on the old design and my propositions for the new one. 
The sketches are called CBR-A/B/C/D/E/Struct and Cluster-
A/B/Struct, with the letters denoting which part of the sketch that I am 
currently referring to. Each one of these parts corresponds to one page 
in the system. 
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Main Menu 
Before moving on to the “Cluster Analysis” and the “CBR”-parts I 
would like to say a few things about the main page shown in Figure 5 on 
page 59.  
As you can see, there are two different paths to take if you want to look 
at “Patient cases”, there is “Full report - display much information” and 
“Condensed report - display less information”. My first reaction was; 
why choose this here already? I believe that users choosing the 
“Condensed report” this early on will wonder what they will be missing 
and this choice would have come more naturally in a later stage of the 
interaction. The choice in itself could alternatively be replace by hiding 
superabundant information and making it expandable. 
Another thing that I felt had to change was the leftmost menu that was 
reloaded every time a new page was being loaded into the main frame. 
This is not uncommon but still just as annoying, since it is like ripping 
the tools from the user’s hands and I believe that changing this becomes 
an indicator of the quality of “trust and accountability” 
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CBR  
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Figure 8. CBR-A/B/C/D/E/Struct. A schematic sketch of the CBR interface 
and a schematic sketch of the interaction structure of the CBR. 
 
If you look at CBR-A you see that this first page in the CBR-part of the 
system consists of only a field for writing a civic registration number and 
a button that says “Create dummy patient”. These two choices can also 
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be said to represent the two ways there is of interacting with the CBR. 
The nomenclature signals that the use of the former alternative is the 
“right” one while the latter sounds like an odd special alternative.  
To access the CBR by entering a ten-digit civic registration number in 
this situation for these users is illustrated by the small keyhole in CBR-
Struct. This feeling is further supported by the finding that the system 
will be used when there is time left over and the interaction should then 
be effective so changing this becomes an indicator of the quality of 
“effective interaction”. Even if the computerized patient record is 
probably available on whatever computer the surgeon is using it takes 
time to look up a patient in the CPR just to get a civic registration 
number to then be able to use AssistMe. It is not feasible to suppose that 
the surgeon will hold such numbers in the head or presupposing such a 
thing would conflict with the quality-in-use of “providing cognitive 
relief”.  
 
The alternative way of accessing the CBR was to create a so-called 
“dummy patient”, really meaning just specifying variables to do the 
matching against. At first, the notion of creating a “dummy patient” 
seemed strange and because of the wording also inappropriate in a 
system like this. However, as it turned out, this was the better way of 
using the CBR. The reason behind this was that the algorithm behind the 
CBR simply matches on the variables that the user has marked and after  
observing people using the CBR you notice that they rarely mark more 
than ten variables, often a handful. The effort required to find a civic 
registration number, maybe from a CPR, to use the real patient match is 
therefore considerable in comparison to the effort required to mark a 
handful of variables as interesting and assigning values to them. To 
totally remove the patient-match case would also have the benefit that 
no civic registration numbers were ever needed in the system, escaping 
serious legal problems. After a meeting with the project group the 
decision was made that the CBR-function was to be changed to only 
being based on the variable-match due to the reasons mentioned above. 
 
When further examining the CBR-A I noticed a small text under the 
“dummy patient”-button that said “the created patient will be erased 
after logging out”. Considering what clinicians learn during their 
education; to never erase anything but only to cross out and write anew, 
this wording seems directly inappropriate and does not contribute to the 
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feeling of trust that the system ought to confer. So changing this would 
become yet another indicator of the quality of “trust and accountability”. 
 
Another thing that baffled me was the text under the textbox where the 
civic registration number was to be entered (although not visible in my 
CBR-A) saying “Note: If the patient has not yet been entered into the 
database, you will be asked to create a new case”. This meant that there 
had been a concern that when entering the CBR by this entrance the 
surgeon might try to find the patient that he was going to operate within 
a near future. He would look up the civic registration number and enter 
it and get the answer back that the patient did not exist. This text caught 
my attention during the interaction structuring and therefore I talked 
with the surgeons during the contextual inquiry about when the CPR was 
filled in. Sure enough, it turned out that the CPR was filled in 
continuously during the chain of care but that it was often not 
completed until weeks later. This risk of the surgeon searching in vain 
for a patient to base the CBR-matching on could be seen as imminent 
because the most recent cases are the ones closest in mind. And so, this 
became even another argument for totally removing the patient-match 
case. Further, I believe that the change of this could also be seen as an 
indicator of the quality of “effective interaction”. 
 
But the “dummy patient” or variable-match case was far from optimal. 
The whole metaphor of creating a patient felt awkward and unnecessary. 
Also, there were too many violations of the metaphor of fabricating a 
person (since patients are important persons to surgeons) that I saw it as 
doing more harm than good. So changing this could be seen as an 
indicator of the quality of “trust and accountability”. To list properties of 
patients cases you are looking for is an easier way to think about it. 
 
Moving on to CBR-B, I found that the raison d’être behind this part was 
simply to enable the user to choose variables and assign values to these. 
Now all the variables in the entire database was presented in a small 
textbox, which also was one of the reasons why the variables had to be 
represented by abbreviations.  
During my thesis work the database underwent a major change in 
structure and magnitude. This made me realize that these changes would 
keep on happening (particularly since it is a research project) and that the 
interface should be designed to acknowledge this.  
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Based on the fact that the current database held almost a hundred 
variables and that it may be subject to great change, I felt the need to 
take out the variable selection from the interface and so a pop-up 
window was found to be a suitable choice for this. This solution also 
made it possible to spell out the variable names and give them units to 
hint the user in what grain the values ought to be entered.  
 
The core of CBR-C was a bit harder to find but after a while I realized 
that this part existed to enable users to assign values to many different 
variables in CBR-B and then only use a selection of these in the actual 
matching process. In CBR-C this selection could be done and it enabled 
the user to elaborate with different sets of variables. In fact, this way of 
assigning values to many variables and elaborating on only a few at the 
time might be a quite plausible way of working with the CBR. Therefore 
I decided that this functionality should be kept and that this could be 
done by separating the entering of the values from the selection of the 
corresponding variables. By doing this I also believe that the quality of 
“effective interaction” was supported. 
 
The variables that were presented in the leftmost textbox in CBR-B were 
not ordered in any special way, which made it very hard to find the 
variable of interest. So, how were they to be ordered in the new pop-up 
window? The style study had rendered me the insight that the variables 
shown in the CPR were order according to the chain of care. So I 
adopted this way of categorizing which was thought to be familiar to the 
surgeon. The categories were accordingly set to be “preoperative”, 
“peroperative”, “postoperative” and “discharge”. Within these categories 
the variables were put in alphabetical order. This categorization of the 
variables can be seen as a way of contributing to the quality of “effective 
interaction”. 
 
After the variable selection in CBR-B had been done in this old version 
of AssistMe, the user was to press “Save” to move forward in the 
interaction structure. In my opinion, this was a clear violation of peoples’ 
conception and expectation of what “Save” usually does. What the 
“Save”-button really did was simply to take the user to CBR-C where 
they could read; “You have chosen to save this patient in memory, and 
not on disk. This will now be done”. I assume that this sentence was 
supposed to act like an explanation, but I think it instead added on to the 
confusion.  
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In CBR-C there were clickable arrows next to the textbox for “Chosen 
variables”. The purpose behind these was believed to be that the user 
should be able to rearrange the chosen variables to reflect the 
significance of the different variables. As you can see, each chosen 
variable was also assigned a number with “1” representing the most 
important variable in the matching process. Yet, these numbers seemed 
to have been causing some trouble because next to the arrow buttons 
there was a text saying; “Note: low value <-> high significance!”. The 
question that then came to mind was; why have numbers at all? The 
order, from top to bottom would probably be enough to communicate 
the significance of the variables. 
 
One of the lower parts of CBR-C said “Choose to only investigate cases 
with the following actions specified in the heading” and I realized that 
this was some kind of attempt of creating a filter. Yet, I could not find an 
answer to why the filter only was based on operation codes. Wasn’t it 
possible that a user might want to freely exclude patients by filtering on 
any variable assigned to any possible value?  
I decided that a filter function was to be implemented but that it had to 
hold more possibilities than just filtering on operation codes. 
  
Further, almost at the bottom of CBR-C there was a text that said 
“Those variables that are available of these will be used if you click "Use 
default variables" above”. I dearly hope that this was a leftover from 
testing during coding because it seems absurd to think that a user would 
do the matching on a set of “default variables” more than once. What is 
the point with the system then?  
 
Finally, at the bottom of CBR-C it said, “Choose a new patient to study, 
by entering a patient ID” with a textbox next to it and there was also a 
“Find”-button (same as in CBR-A). This seemed confusing, why have 
this choice of a new patient here, in the middle of the interaction chain? 
 
Moving on to CBR-D, a list of matches was shown for the user to 
choose from. The variables that were given (implicitly saying that these 
were the ones believed to affect the users choice) were “Match No”, “ID 
number” “Operation Code” and “Similarity (score)”. The ones that I saw 
as worth keeping of these were the “match no” and the “similarity 
score”. The match no gives the user something to refer to when talking 
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about and reviewing the different cases together with others. Changing 
this then becomes an indicator of the quality of “serving the team mind”. 
The similarity score is an essential part of any CBR result because it gives 
a measure of how good a cases matches the selected variables. But why 
have so many decimals? I think that the user rarely would benefit from 
more than three or four. 
 
At the top of CBR-E there was information on which variables you had 
chosen to do the matching against, presented in a table called “patient 
information”. In a table next to this one, called “patient variables” the 
rest of the variables (that is, the unchosen ones) for the patient or 
“dummy patient” were presented.  
Below that section, the variables and values for the found case were 
shown, some in a textbox called “List of case variables” and others like 
“Case ID number” “Operation date”, “Outcome”, “Complications” and 
“Days in hospital” were given separate columns for display. I did not 
manage to find an answer to why these five variables were especially 
accentuated and it was not obvious why these should be more important 
than other case variables.  
The operation-report was shown in a short version and at the bottom of 
CBR-E there was two buttons that enabled the user to “Show long 
operation report (pop-up window)” and “Show long operation report (in 
same window” respectively.  
I decided that the specified variables and values and the variables with 
corresponding values of the matching case, in addition to the operation 
reports where to be kept in the new design. 
 
Now, I have let you in on some of my thoughts on the old design and 
some of the ideas and proposals that emerged for the new design. 
Besides changing the things that I have mentioned in this chapter I also 
saw a strong need for flattening the structure of the whole system in 
general and the CBR-part in particular. One of the rough sketches of the 
new structure is presented below. 
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Figure 9. a schematic sketch of CBR interface also aiming at depicting the flattened 
interaction structure. The small windows at the top are the pop-up windows for 
variable selection and filter definition. 
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Cluster Analysis 

 
Figure 10. Cluster-A/B/Struct. A schematic sketch of the cluster analysis interface 
and a schematic sketch of the interaction structure of the cluster analysis. 
 
 
In Cluster-A the user can choose which variables to base the cluster 
analysis on and which variables that he only want to have information 
about in the result but not involve in the analysis. The problem here was 
that a variable that is of the former sort, lets call them “cluster variables”, 
can not in the same analysis be chosen as the latter sort, lets call those 
“information variables”.  
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So, how do you prevent the user from choosing the same variable for 
“cluster variable” and for “information variable”? They are to be 
mutually exclusive and there are known gizmos to handle that. The 
problem was however that for these gizmos, like “radio buttons” one of 
the exclusive choices always (even initially) has to be marked. So, I 
created my own “mux-gizmo”, buttons that were a little bit closer to the 
functionality and look of the buttons of an old transistor radio. 
I wanted to reach consistency in the design between the CBR and the 
cluster analysis (and of course throughout the entire system) so the 
solution with the pop-up window was made to suite the cluster analysis 
also. 
 
As I said earlier, the variables in both the CBR and the cluster analysis 
were abbreviated in the AssistMe system. This was partially because they 
all were presented in such a small textbox but, as it turned out this was 
also an inheritance from the actual database. These kinds of inheritances 
are not uncommon but very unnecessary. The problem with 
incomprehensible abbreviations was solved in the old system by 
supplying the user with an  “explanation-pop-up” that held explanations 
to all the abbreviations.  
However, by spelling out the real variable names the learning threshold 
can be lowered and thereby the quality of “ease of learning” would be 
supported. Then the user does not have to keep explanations of various 
abbreviations in his memory, so the quality of “cognitive relief” is also 
supported.  
Generally, to explain things as clear as possible, even things that might 
seem self-evident to the Linköping surgeon, you minimize the risk of 
building in the culture and language of Linköping Thoracic Clinic that 
will confuse others. 
 
After working with and observing the work of the project member in 
charge of the cluster analysis I noticed that he mainly used two of the six 
tables in Cluster-B to interpret these results. I queried him about this and 
got the answer that “the summary of the cluster results and the between 
and within distances are the most important ones when interpreting the 
results”. The other tables, like “Iteration history”, merely carried 
information about how the algorithm had been reclustering to reach the 
result. In the old version of AssistMe the result from the cluster analysis 
was shown in six large tables that were hard to overview. Therefore I 
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decided that the ones that weren’t important for the interpretation of the 
results were to be hidden. The design solution that I found to suite my 
purpose was to make the tables collapsable and expandable. This change 
can be seen as an indicator of the quality of “effective interaction”. 
 
As with the CBR, and the rest of the system for that matter, I also 
wanted to flatten the structure of the cluster analysis and a rough sketch 
of the new structure is presented below. 
 

 
Figure 11. A schematic sketch of cluster analysis interface also aiming at depicting the 
flattened interaction structure. The small windows at the top are the pop-up windows 
for variable selection and filter definition. 
 

New Features 

Save 
As said before, the AssistMe-system is a system for trying out old and 
new hypothesis, to see patterns and thereby form new theories. The 
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system is also supposed to be used when there is time left over. One 
essential function that the system must have in order to meet these goals 
is “Save”. The “Save”-function gives the user the possibility of for 
example testing a hypothesis and to later come back to it to continue his 
testing. There were no “Save”-function in the old version of the system 
but I saw it as a necessity and I was meet with approval by the rest of the 
project team.  
The idea of “Save” in this system builds on the possibility of handling 
versions of the database. So, could this be arranged? I turned to one of 
the team members responsible for the database design and an agreement 
was made that the new database should support the handling of versions. 
Since one of the essential qualities-in-use was “interruptability” I decided 
that the user should be able to quickly save his work without being 
forced to complete a number of steps for the work to be saved. 
 

Notes 
AssistMe is a system for hypothesis making and the birth of theories and 
thoughts. Externalizing these thoughts helps thinking. The idea of some 
sort of function for writing down thoughts and comments was therefore 
born. So for example, when the user performs a cluster analysis and 
finds something interesting, he can then attach a comment to that 
specific clustering case. The benefit of some sort of “note” which can be 
saved to the case is that it later can be found in the context of which the 
thought was born. 
This also fits in the surgeons work practice since it supports the quality 
of interruptability, by attaching a note the surgeon can come back to it 
and continue where he left of when there is time.  
 

History 
When trying a hypothesis or looking for a case it is plausible to think that 
you will do and redo your analyses and CBR-searches. Since the system 
is to evoke reflection it is good if the user easily can compare these 
different analyses and searches. The idea of a “history” function was 
therefore born. The thought behind the “history” was to contribute to 
the flattening of the structure since it would always be visible and 
thereby letting the user jump between clusters or CBR-results instead of 
finding his way by an extensive use of the back-button in the browser. I 
also saw this as an indicator of the quality of “effective interaction”. 
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Naturally, some clusters or CBR-results will be of no value while others 
will be very interesting. So, how do you give the user the possibility of 
making out which ones in the history that are interesting and which ones 
that are not? 
First and foremost, the results can be divided into results from the CBR 
and results from the cluster analysis. Then, the ones that have “notes” 
attached to them can be given a special mark. Next, one might equip 
each of these items in the history with tooltips that appear on mouse 
over to hint them on which variables were used in each of the cases. 
Also, results that are saved and given names will have this name even in 
the history. 
 

Comments on the Work with Externalizing the 
Design 
The use of the QOC-notation proved difficult and questionable in it’s 
utility, hence the utilization of this notation during the design phase was 
considerably diminished. From the intention of constantly using it during 
design the ambition shifted to at least use it when getting stuck in an 
argumentative phase and to use it every week as a post-hoc way of 
documenting rough design rationale and design decisions. 
I did find it hard to step aside from the way of designing that I am used 
to and the fact that the use of the QOC-notation intervene with my ways 
did not make it easier. So I ended up with doing like I usually do, using 
the qualities-in-use and indicators that was found to be important during 
the pre-studies together with the design issues as the basis for rather 
unordered argumentative endeavors of sketching and commenting on 
these sketches. 
 

Activity: Doing Low Fidelity-Prototypes 
From the design that emerged during sketching, a prototype was built 
using paper and transparencies. 
 

Activity: Testing Low Fidelity-Prototypes 
Together in the project group we did a walkthrough of the prototype. 
After an introduction to heuristic evaluation and Norman’s seven 
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principles for design [39], we did a heuristic evaluation of the prototype 
discussing the usability problems that came up. 
The testing generated some valuable things to consider that were carried 
on to the next stage of specification. 
 

SPECIFICATION 
Just as hard as it is to draw the line between the visionary part and the 
part about the operative image, just as hard is it to decided where to 
draw the line for specification. I have chosen the point where the 
operative image was seen as enough framed to be the basis for “high 
fidelity” or “HiFi”-prototyping. This is not to say that the design cannot 
be changed after the creation of the HiFi-prototyping, on the contrary I 
expect the design to be subject to change in correspondence to the 
results from the evaluation.  
 

Activity: Doing High Fidelity-Prototypes 
In order to test a system concept, the system must be functioning, have a 
good interaction structure and design so that the focus during user 
testing can be on whatever level the designer chooses to focus on 
whether it is conceptual, structural, functional, interactional or graphical. 
Otherwise the testing runs the risk of being caught up with mere low 
level details. Therefore a HiFi-prototype was constructed to be used 
during testing with future users. 
The HiFi-prototype was constructed using Adobe Photoshop and coded 
in Lingo using Macromedia Director. During this work any unclear 
question of feasibility was discussed with the implementer and the 
person in charge of the database design.  
 

Graphic Design 
By reading Sless’s article on “Usable Medicines Information” [43] I was 
enthused to let the systems graphical profile be inspired by medicine 
package, labels and leaflets. This was done because these artifacts have 
the same goal as I have with the graphic profile for the system; to be easy 
to interpret and give a serious, trustable impression. By briefly studying 
such packaging and different pharmaceutical companies’ graphical 
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profile, similarities amongst these graphics became apparent. In my view 
they were: 
  Sparse graphics - “less is more” 
  Harmonic, quiet colors 
  Light graphics 
  Regularity among the elements of the design (Using Sano and 

Mullet’s [44] terminology and conceptualization of regularity)  
  The design is built up by geometric figures and sometimes including 

humanlike drawings and pictures.  
These findings were adopted and made into parts of the goal for the 
system’s graphical profile.  
 
Presented below are some screen shots from the HiFi-prototype of the 
redesigned system. 
 

 
Figure 12. A screen shot from the start page of the AssistMe-system after the 
redesign. 
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Figure 13. A screen shot from the Cluster Analysis in the AssistMe-system after the 
redesign. The “History” can be seen to the left in the menu frame and a “Note” with 
a written comment has been attached to the clustering.  
 

 
Figure 14. A screen shot from the “Select Variables”-pop-up of the CBR after 
redesign. 
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Activity: Evaluation 

Setting up the Evaluation 
When setting up an evaluation for user testing it is better to have specific 
tasks for the user to perform instead of just leaving him to arbitrary 
browse the system. So a written set of tasks was put together. Also a 
paper with information about what AssistMe is and the different parts of 
the system was put together for the tester to keep. This paper also 
contained illustrations that were used to mediate the explanation and 
discussion on the different parts of the system in general and the cluster 
analysis in particular. 
 

Performing the Evaluation 
Performing an evaluation in the clinical setting is not a trivial thing to do 
and where to find a room to perform the testing became the first 
problem to solve. It had to be a separate room that was quiet and where 
we could be left alone because otherwise the thinking aloud might feel 
more uncomfortable than necessary, which might in turn result in fewer 
comments. Since thoracic surgeons have a pressured time schedule it was 
believed to be important that the testing would not take more time than 
necessary, so a room for the testing was found on their own 
administrative floor. 
Doing testing with thoracic surgeons, or anyone with a similar time 
pressured clinical profession, I believe it is important to remain flexible, 
to prepare to reschedule and to not take up more than necessary of their 
valuable time. 
 
The method that was used during the testing of the HiFi-prototype was 
thinking aloud protocols. The session began with a short moment for 
acquaintance and then the aim behind AssistMe and the different parts 
of the system were explained. A special effort was made to explain and 
illustrate the concept of cluster analysis because it was thought not to be 
familiar to the surgeon and generally difficult to understand. The user 
was then asked to think aloud while performing the task that was given 
to him on a paper. Thinking aloud is not easy and does not seem to feel 
very comfortable so the users had to be prompted to continue a few 
times. 
Each session was concluded by a moment for them to ask questions and 
share their thoughts on the future use and application of AssistMe. The 
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plan was that I would initiate this inquiry but in all of the cases they 
themselves triggered the discussion. 
During the session I took quick notes that were immediately reviewed 
and documented after each session. 
 

Results 
The method of “think aloud protocol” rendered a quite extensive 
amount of comments on the design, both on the positive and on the 
negative account. A number of usability problems were uncovered and 
in some cases the users had suggestions on how to solve these problems. 
As an example, the order of variables in a pop-up window, can be 
mentioned. When using for example the CBR, the users had to specify a 
couple of variables as input to the algorithm and this took longer than 
expected. As mentioned in the previous section the variables were 
ordered in the categories “preoperative”, “peroperative”, 
“postoperative” and “discharge”. Within these categories the variables 
were put in alphabetical order and this seemed to be the problem. One 
tester suggested that a more suitable order within these categories would 
be further categories like “lab values” and “preoperative diseases” within 
the category of “preoperative” variables since it was a natural way for 
them to think about patient data.  
 
Some testers tended to get stuck on the clinical correctness of things like 
the fictitious operation-reports in the prototype, this was expected from 
reading literature [9] but even those expectations were exceeded. 
 
Four out of the six testers spontaneously expressed a strong distaste for 
data entry and said that they believed that this should be avoided as 
much as possible for AssistMe to gain widespread acceptance and for 
them to use it in their daily work. In most cases the discussion then 
shifted on to utterances on the problems they experienced with the 
current CPR-system. They felt that it took up much of their time and 
that it really did not give them much in return. Therefore, the aversion 
towards data entry might well be particularly strong amongst my testers 
because of these negative experiences with the CPR. 
Thus, the reason for making the system automatically pick out data from 
the databases generated by the CPR can be seen as even stronger in this 
use situation. In the long run the introduction of AssistMe might in that 
way even increase the motivation behind using the CPR because this 
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would make them feel that the data put into the CPR was at least used 
for something that they could benefit from.    
 
Throughout the development process and also during the testing of the 
HiFi-prototype, schematic illustrations turned out to be very effective 
tools for making people understand the concept of cluster analysis. One 
of the testers also expressed a strong wish to get the result from the 
cluster analysis in a graphical notation. This was something that had been 
subject for discussion during development but there exists an inevitable 
obstacle; graphics are easily presented in two dimensions, could be 
presented in three, but not possibly presented in more than three 
dimensions. Therefore, to get these nice looking illustrations one could 
not cluster on more than the maximum of three variables. However, this 
is not how clinicians think, on the contrary they might in theory want to 
cluster on all the variables in the database, since that is the way they are 
used to look as patient parameters; as different parts that sums up to an 
informative totality. 
The reason that the tester gave for wanting these illustrations were that 
he saw himself using the system when there was time left over and then 
he might be tired, so the graphics would easily convey a message without 
much cognitive load.  
 
One problem that occurred during the testing was the inability to tell if 
some of the difficulties in interacting with the cluster analysis were due 
to the complexity inherit in the concept of cluster analysis or if the 
interaction design was bad. To solve this problem two thoracic surgeons 
that were familiar with the concept of cluster analysis were asked to test 
the system. This was to see if they also had difficulties performing the 
predefined tasks. It turned out that they performed considerably better 
than the others when interacting with the cluster analysis. Another 
interesting finding was that because of their clinical knowledge they 
could read out so much more from the result from the cluster analysis 
than I ever could.  
 
Judging from various statements like; “the first thing I see is this red 
button…um, select variables…yes we’ll do that” (my translation), the surgeons 
seemed to be clearly guided by the interaction object’s layout and 
graphical appearance when progressing through the interaction structure. 
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One of the surgeons expressed the concern that the “soft matters” like 
the surgeons way of caring for his patient, for instance the degree of 
contact between the surgeon has his patient which can not be encoded 
into a computer system like this will receive even lesser attention than 
today with the introduction of these kinds of systems. 
 
Finally, one of the surgeons said;  
 

“Medicine is supposed to be practiced based on experience and science. 
AssistMe can help experience be acknowledged in a scientific way and 
help experience get the recognition as the important instrument that it 
really is in medicine practice”. (Excerpt from field notes, my translation)  

 
This is also the way that I prefer to look at the system, as a way of aiding 
the current way of working, not replacing it.  
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Again, let us return to my view of design. As I have said before, I see 
design as a highly reflective endeavor based on reflection-in-action and 
reflection-on-action. Because of this, the traditional thesis disposition, 
with the reflections in the “Discussion” part at the end of the thesis 
becomes problematic when writing a design case. The reflections are 
essential parts of the design work and therefore they ought to be 
presented in the context in which they appeared and made sense. 
Because of this, I have incorporated the reflections into the text 
throughout the writing of this thesis instead of presenting them here. 
 
Because of the nature of design, writing a design case is not easy. The 
traditional disposition with theory, theory of methods, methodology, 
results, discussion and conclusion does not make the design case justice. 
This is partially because of the non-linearity of design that I mentioned 
in the beginning of the chapter “Design Process”. My belief is also that 
the more skillful a designer you are the more obvious becomes this 
problem of writing about your design case. This is because the loop of 
acting and reflecting becomes tighter and the ability of fruitfully moving 
between different levels of abstraction becomes elevated as your design 
ability improves.   
In the search of a way to compensate for the mentioned problems I 
constructed my own disposition for writing a design case and used it 
throughout the writing of this thesis. Of course, it will not affect the 
unavoidable linearity of written text but I believe that it has made my 
work of writing this design case a little less cumbersome and now I see it 
as one of the contributions I want to make with this thesis.  
 
During the undergraduate course in “Classification, Interpretation and 
Decision Support Systems” that I took during my thesis work I became 
aware of the technical issues involved in constructing DSSs. Owing to 
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my education in cognitive science and interaction design the design parts 
of the work felt familiar but what I really did not have was medical 
knowledge. The only insights into this unfamiliar field that I had before 
my visits at the clinic was the ones I got during the informal discussions 
within the project group and with one of the clinicians involved in the 
project. The articles on HCI in health care, decision support in health 
care and other related topics also gave me a small, but far from 
satisfactory, orientation within the field. Shapiro [45] argues that HCI-
students should acquire at least some basic knowledge in the domain in 
which they want to specialize, which in my case would be thoracic 
surgery. Gosbee [11] also recommend that designers get various levels of 
training in things like human anatomy and health care administration, to 
name two. I agree with them on this and can only mention this as a way 
that my work could have been improved. 
 

COMMENTS ON WORKING WITH QOC 
Since I abandoned the use of the QOC-notation at an early stage, the 
reflections on working with QOC have not been presented in the 
context of the design process and so they are instead presented here. 
 
Throughout the design process I have worked with pen and paper, doing 
sketches and commenting on them. Continually I have also written a so-
called design diary to keep track of assumptions, decisions and thoughts.  
At first I tried to do QOC-trees as often as possible next to the sketches 
and comments but I noted that with time I did it more and more seldom. 
I believe that this was mainly because it hampered me “in the heat of the 
struggle” and even caused ideas to slip away. So, I started to try and do 
them each evening in a more summative fashion but this yielded other 
problems like deciding what to preserve and present in the QOC-trees 
and what to exclude, since I did not believe everything to be valuable. As 
I will explain to you below, other problems also occurred, until it got to a 
point were I decided to abandon the notation and design the way I am 
used to. 
 
One of the problems, which I was faced with, was the intricacy of not 
immediately managing to translate design ideas and sketches into the 
QOC-notation. The QOC-notation is not a complicated one to 
understand as it has a limited vocabulary that is easy to grasp. Still it felt 
unnatural to try and “force” in ideas into this notation. Aggravation grew 
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out of the unawareness of whether this documenting work was done in 
vain, whether the current assumptions and ideas that were encoded into 
this comprehensive notation were just “working ideas” possibly leading 
to better ideas and themselves later being omitted.  
Another concern was that I felt the risk of doing more documentation or 
“meta work” than design work and carrying more about the notation 
than the actual design problem.   
 
Design work can be seen as a constant shift between argumentative and 
evolutionary efforts [46] and as an endeavor that entails reflection-in-
action and reflection-on-action [47]. The argumentative undertakings are 
those involved with mapping out the design case by identifying decision 
points and what design alternatives that are available at these points, 
while the evolutionary efforts are when the designer develops an 
alternative to an increasing level of detail. 
According to a study done by Shum [46] DSA-techniques are of less 
value during the argumentative phases than during the evolutionary. This 
is naturally so, because the DSA work is the work of exploring 
alternatives rather than developing them in detail. 
So, whether or not the DSA will feel usable to the designer rests on his 
ability of knowing which one of these phases he currently is in [48].  
 
I believe that the difficulty in knowing this in combination with the quick 
shifts between the phases are two of the reasons why I found the QOC-
notation to hamper me in my work.  
One thought behind DSA is to hinder the designer from getting stuck on 
one of the first solutions that comes to mind, starting to develop it in 
detail up to a late point in the process when he realizes that the solution 
isn’t defensible. Reaching this point it might already be too late, the 
solution has become the designer’s pet solution and he is ready to fight 
of critique by all possible means. 
The making of a DSA is thought to hinder this kind of premature 
evolutionary behavior by promoting argumentative behavior. However 
my belief is that this might result in an argumentative domination 
resulting in some sort of design space probing, not being fruitful in the 
case of product development. Design is necessarily based on the shift 
between argumentative and evolutionary behavior although I have to 
admit that the thought behind hindering the emergence of deceptive pet 
solutions is good.  
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Experience in working with design might well be a decisive factor and an 
interesting aspect to consider when talking about this. According to 
Atman [49], a novice designer should spend more time in the 
argumentative phases, evaluating and objectively criticizing his own 
design solutions. So, the use of a QOC-notation could very well be a 
valuable tool in learning design, functioning as “training wheels” for 
learning user interface design as Aalst et al. [50] puts it in their article.  
But, just as unnatural as it might feel for an adult to put on training 
wheels on his old bicycle, the use of DSA-notations might be for an 
experienced designer. 
 
As indicated in the theory chapter, the reason for doing DSA is twofold; 
both aiming at helping the designer in his design work and to produce a 
rationale behind the product that can be communicated to others. The 
effort needed to arrive at the first of these objectives seems to be too 
extensive in reality but what about the latter? The notation is relatively 
easy to understand which gives it a greater communicative power than 
ordinary text. Yet again, the overhead of “stuffing” the design rationale 
into a notation like this might be substantial.  
 
An indication that the QOC-notation yet could be of value comes from 
the many investigations done by Simon Shum [33]. He has studied 
whether it is possible to turn the documentation of an existing project’s 
into QOC-trees. In one of his studies [33] he concludes that it is easy to 
find the so-called Questions and Options in the documentation but the 
Criteria are often not made explicit. In my view, this is really a pity 
because it is like missing the most important part. So, if the use of the 
QOC-notation in such cases could do at least something about it, much 
would be gained. 
 
Finally, as with all new methods and techniques, what it all comes down 
to is the potential applicability in real design projects and the QOC-
notation is far from the only one that falls short in this respect. Another 
technique with similar problems is the Repertory Grid Technique (RGT) 
as presented by Hassenzahl and Wessler [31]. My opinion is that this 
technique’s main drawback is that it rests on the assumption that a 
design project has access to a handful of designers that all can engage in 
designing different solutions for the same design problem, which is not 
the case in real life. I also have a hard time believing that regular users 
really will be able to articulate the so-called personal constructs that the 
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authors found to be the most valuable output from the use of this 
technique. The examples of such personal constructs that are given in the 
article are comments like “Figure is a novel interaction element” or “Dialog box 
blocks important aspects of process”. But then again, the participating users 
had employment titles like “designer” and “software developer” and they 
participated because they volunteered as a response to a public 
announcement at a large technology company. 
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C O N C L U S I O N   

 
1. Which design considerations are important when constructing a 

clinical decision support system for thoracic surgery in general and 
the AssistMe-system in particular?  

The design considerations that are important to make when constructing 
a clinical decision support system for thoracic surgery are to honor eight 
qualities-in-use stemming from an understanding of the surgeons’ daily 
work. The first two of these qualities is a social quality of “serving the 
team mind” of a thoracic surgery team and an aesthetical quality of 
conveying a “feeling of trust and accountability”. Further, practical 
qualities such as “interruptability”, “ease of learning” and “effective 
interaction” and psychological qualities like “providing cognitive relief” 
and “providing psychological support” also came out of the 
understanding for the demanding, clinical work situation. Finally the 
quality of “freedom of choice for the clinician” was found to be essential 
as a quality fundamental to human flourishing, self-development, 
independence and flexibility that partly is what gives joy to working as a 
clinician.  

2. What are the future users’ experience of using the system and the 
concept behind the system? Is it applicable in their daily work? 

The result shows that AssistMe is believed to be applicable in the 
practice of thoracic care and it also points to a positive attitude towards 
the system concept. 

3. What is it like to work with the QOC-notation for design space 
analysis in a real design project like this one? 

Throughout my work I experienced sever difficulties of incorporating 
the notation into the process of design. Despite deliberate attempts, the 
notation turned out to hamper rather than help, with the main reason 
believed to be the cycle of argumentative and evolutionary strategies or 
reflection-in-action that design entails. 
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