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Abstract 

Advanced medical technology is widely used in modern healthcare, as more and 
more specialised examinations and treatments are performed on patients. In the 
case of particularly complex diseases, a number of medical specialists, each an 
expert in their own field, must collaboratively make diagnoses and plan for 
treatment. In multidisciplinary team meetings (MDTM), the medical specialists 
present their pieces of the puzzle, stitch them together and in consensus make a 
decision. A large amount of information from several sources must be taken 
into account, but the digital tools to support this decision-making are lacking. 

This thesis describes research in which engineers and medical specialists have 
cooperatively developed such a tool. The main research question concerns 
improving patient information visualisation to support the collaborative work in 
MDTMs; a secondary question concerns the role of interaction design in 
medical work. Several design activities have been conducted together with the 
medical specialists by utilising research methods derived from computer-
supported cooperative work (CSCW) and interaction design (IxD). The new 
tool has been evaluated in two simulated MDTMs and even though it was 
developed with the users, the results cut both ways. 

Case-based presentation of patients in MDTMs has a positive effect, as more 
information can be displayed during discussions. It helps the participants keep a 
shared focus on the patient, her medical history, results from examinations, and 
decisions made in the meeting. It is a new and aggregated view of the patient 
and an example of how patient information visualisation can be improved. On 
the other hand introducing new technology and new ways of interacting with 
information, in the meetings was not considered entirely positive. The 
participants have different roles and tasks in the meeting, and the tools should 
support these without distracting the shared focus. 

This practical way of working (conducting field studies, design activities and 
evaluations) together with ingenious medical specialists can make a difference. 
By exploring and concretising stakeholders’ needs and making long-term 
commitments, the interaction designer can take a central position in the deve-
lopment of digital, collaborative tools for medical work.  



 ii 

Sammanfattning 

Avancerad medicinsk teknik används flitigt i modern sjukvård genom att alltmer 
förfinade utredningar och behandlingar utförs. Vid komplexa sjukdomar måste 
flera medicinska specialister, var och en expert inom sitt område, tillsammans 
ställa diagnos och planera behandling. I multi-disciplinära team-möten (MDTM) 
presenterar specialisterna sina bitar av pusslet, fogar samman dem och fattar 
konsensusbeslut. Stora mängder information från flera källor måste tas i 
beaktande, men de digitala verktygen för att stödja beslutsfattandet saknas. 

Denna avhandling beskriver forskning där ingenjörer och medicinska 
specialister tillsammans har utvecklat ett sådant verktyg. Den primära 
forskningsfrågan berör förbättrad visualisering av patientinformation för att 
stödja samarbetet vid MDTMs. En sekundär forskningsfråga berör rollen som 
interaktionsdesigner i sjukvården. Ett antal designaktiviteter har genomförts 
tillsammans med de medicinska specialisterna, med hjälp av forskningsmetoder 
från datorstöd för samarbete (‘computer-supported cooperative work’, CSCW) 
och interaktionsdesign (IxD). Det nya verktyget har utvärderats vid två 
simulerade MDTMs och trots att det har utvecklats med användarna, så blev 
resultaten både positiva och negativa. 

Fallbaserad presentation av patienter i MDTMs har en positiv effekt då mer 
information kan visas under diskussionerna. Det hjälper deltagarna att behålla 
delat fokus på patienten, dess medicinska historik, svar från undersökningar och 
beslut som fattas under mötets gång. Det är ett nytt och samlat sätt att se på 
patienten, samt ett exempel på hur visualisering av patientinformation kan 
förbättras. Å andra sidan var införandet av ny teknik och nya sätt att interagera 
med information vid mötena inte odelat positivt. Deltagarna har olika roller och 
uppgifter vid mötena, och verktygen ska stödja dessa utan att störa deras 
gemensamma fokus. 

Detta praktiska sätt att arbeta (genomföra fältstudier, designaktiviteter och 
utvärderingar) tillsammans med uppfinningsrika medicinska specialister kan göra 
skillnad. Genom att utforska och konkretisera olika intressenters behov, samt 
bygga långsiktiga relationer, kan interaktionsdesignern inta en central position 
vid utvecklandet av digitala samarbetsverktyg för medicinskt arbete.  
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Foreword 

I have worked as an MD for more than 20 years and as a surgeon for 17 years. I 
can testify to a development of modern healthcare that has become 
tremendously specialised and complex. Medical specialists in nearly any area 
have access to medical technology such as monitoring systems, blood tests and 
imaging techniques to perform extremely specialised medical work. This means 
that an abundance of medical examinations and tests can be performed on 
patients. Even though this is beneficial for the patient, it also means that 
clinicians get a lot of information to take into account when assessing individual 
patients.  

Medical technology is not only about obtaining the data (performing tests on 
patients), but also understanding the data (putting all the pieces together). It is 
therefore clear that new tools need to be developed to help clinicians to manage 
all the information regarding every unique individual with her own medical 
history, current conditions and preferences. 

I have been part of the research project described in this thesis and can 
conclude that this kind of interdisciplinary work, between clinicians and 
technologists, has been mutually beneficial. I was part of creating the system 
(the Clinical Journal), and many of the needs and ideas I have had on how to 
improve my work were actually implemented. I even got to test the system 
together with a team of colleagues in one of our multidisciplinary meetings and 
can only say that I would like to see such a system implemented for real. 

 

Ralf Segersvärd 
MD, PhD 
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Multidisciplinary team meetings (MDTMs) in medicine are important in highly 
specialised care when making the diagnosis and deciding on the appropriate 
treatment for the patient. A great deal of information needs to be presented and 
discussed among the participants at the meetings, but the digital tools to support 
efficient information visualisation and collaboration are lacking. Such a tool has 
been cooperatively designed with a group of medical specialists, using research 
methods derived from computer supported cooperative work (CSCW) and 
interaction design (IxD). 

Related research 13 

A survey of research on MDTMs, information visualisation, and electronic 
medical records as well as the design and implementation of digital tools, all 
focused on medical settings. Special attention was also given to CSCW in 
healthcare. 

A complex context 23 

A number of field studies and design activities have been conducted over the 
years. The clinical setting is described in detail, with a specific focus on the 
decision conference, which is a time-critical and crucial MDTM in the chain of 
care. It turned out that the context has been complex to design for, and these 
complexities and how they are dealt with are discussed. 

Creating a case-based presentation 37 

One of the main results of the research is a newly proposed way of presenting, 
interacting and collaborating with patient information at decision conferences. 
This has been manifested in a high-fidelity prototype and evaluated in two 
simulated meetings. The prototype is described here, and the results from the 
evaluations are discussed, which turned out to be both positive and negative. 
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Summary of articles 49 

The thesis builds on five published articles, all of which concern medical team 
meetings. Articles 1 and 3 focus on describing the meetings, article 2 on the 
design method, and articles 4 and 5 on bringing out design requirements on 
interaction and presentation. 

A way forward 55 

The mobile and collaborative aspects of medical work place certain demands on 
the development of digital tools to support medical work. This research points 
to the importance of visualising patient information as well as the delicate 
matter of introducing interactive technology, in MDTMs. IxD can play a major 
part when developing new collaborative tools for healthcare, for instance by 
concretising needs and ideas, maintaining a holistic point of view of work 
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ideas into working prototypes. 
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Introduction 

The time when physicians knew all their patients by sight and on a personal 
level is gone. What physicians are facing today is a fast-paced work situation 
where they must be able to care for any patient that is referred to their clinic. 
Each new patient is unique and brings a medical and personal history to be 
taken into account. Tests and examinations are conducted on the patient leading 
to new information that must be aggregated with the prior information. This 
means that physicians have a great deal of reading and familiarising themselves 
with each patient they meet. 

Physicians today have become highly specialised within a specific medical field. 
In some cases, a medical specialist has not only specialised in, for instance, 
surgery on a specific organ, she has also specialised in a certain surgical 
procedure on that organ: physicians have become super-specialists. Already in 
1995, it was reported that: 

Medicine has reached a stage of scientific complexity such that only 
through subspecialization are we able to cope with the breadth of 
knowledge currently flowing through the system. … Faced with an 
explosion of data and factoids that encompass all aspects of medical 
practice, our care providers stagger forward with paper records and 
medical tradition. (Grams et al., 1995, p. 165) 

The amount of information that modern medicine is producing on individual 
patients is large as well as growing. With more and more specialised 
examinations, tests and monitoring, physicians are faced with a substantial 
amount of medical history and information on each patient. Since the specialists 
conduct their examinations and tests using specific hardware and software, they 
record their information and conclusions in different systems. In the best case, 
the hospital has developed an overall IT architecture to support integration of 
the systems, but it might still be difficult to link and cross-reference information 
from the different systems. In addition, of course, all the medical staff is not 
allowed to access all information and systems, a policy which is a matter of 
patient safety and integrity. This means that results, notes and medical records 
are sent (sometimes in hard copy) between clinics and hospitals. 
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In essence, medical work is asynchronous and collaborative, as a patient might 
meet several instances of medical specialties and competences (e.g., physicians, 
nurses and therapists) over a period of time. Furthermore, the individual who 
makes a note in the electronic medical record (EMR) might not be the one who 
will later use it as the basis for a decision, and individuals never know exactly 
when or how that information will be used. This procedure might lead to 
information being repeated and poorly structured. On top of all these aspects of 
collaborative medical work and information gathering, specialists need to keep 
up with current research that is going on within their field. That is, their medical 
training never ends.  

Synchronous collaboration between several medical specialties has become a 
necessity in difficult cases. Specialists must meet in order to present their 
findings on a specific patient, and collaboratively discuss how to treat the 
patient. In the 1990s, the concept of multidisciplinary team meetings (MDTMs) 
was presented as the preferred way of working in highly specialised medical 
work (Calman & Hine, 1995). In collaboration, a group of medical specialists 
looks at what information each specialty brings, discusses the material, and by 
consensus makes a decision on a course of action. 

MDTMs have now been practiced for over two decades and found their place in 
certain healthcare work processes. Still, it is a time-critical and information-
dense situation, and there is room for improvement, especially by bringing 
collaborative tools to the meetings. This thesis delves into this delicate matter of 
designing for improved patient information visualisation and interaction in 
MDTMs. The doctoral work was conducted, as part of larger research project 
(2008-2012), together with a group of medical specialists at the Karolinska 
University Hospital. 

The clinical context 
Karolinska University Hospital (Karolinska) is the largest hospital in Sweden, 
and in fact one of the largest university hospitals in Europe. The research 
presented here was conducted at one of its two sites, located in Huddinge, a few 
miles south of Stockholm. 
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Figure 1: Karolinska University Hospital in Flemingsberg. (Photo: Medicinsk bild, 
Karolinska Universitetssjukhuset.) 

Karolinska University Hospital 

Karolinska was formally established in 2004 through the merger of two 
hospitals: Huddinge University Hospital (located in Flemingsberg, inaugurated 
in 1972) and the Karolinska Hospital (located in Solna, inaugurated in 1937). 
Today, Karolinska has around 1,700 beds and 15,500 employees on 800,000 m2 
of floor space. There are approximately 1.5 million patient visits per year, and 
seven surgical procedures are conducted per hour all year around. Karolinska 
has a primary responsibility to deliver specialised care within the Stockholm 
region. Karolinska also serves patients from other parts of Sweden and even 
from other countries. As a teaching hospital, Karolinska manages research and 
education at both hospital sites. 

Department of Surgical Gastroenterology (Gastrocentrum kirurgi) 

At the beginning of the twenty-first century, the Swedish healthcare authorities 
decided that ordinary medical care should be easily available in the nearby 
community, but that highly specialised medical care should be centralised and 
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provided by regional university hospitals. The aims were to increase the quality 
and efficiency of medical care, to treat the patients more efficiently and to 
improve the possibilities for research, development and education. Therefore, 
within the region, highly specialised medical care for patients who were suffering 
from complex diseases of the liver, pancreas, and oesophagus was centralised to 
the section of Upper Abdominal Surgery, Department of Gastroenterology 
(hereafter called Gastro), at the Karolinska University Hospital. In all, there are 
about 25 surgeons working at Gastro. Because the diseases are very complex, 
they collaborate closely with several other units within the hospital organisation, 
including pathology, radiology, oncology and hepatology among others. 

The chain of care at Gastro 

The medical care at Gastro is team-based; in practice, this means that the 
responsibility of the patients is assigned the team and eventually the senior 
consultant/team leader presently in charge. Based on their level of experience, 
all specialists should be able to contribute to the care of any patient that is 
referred to the department. 

In order to maintain an efficient workflow of both patients and staff, Gastro has 
created a formalised chain of care (see Figure 2) between incoming referral and 
patient discharge, a process that all patients go through. This is carried out as a 
way to ensure that patients receive optimal care and that the medical staff knows 
what the current work tasks are at a given moment of their schedule. 

 

 
Figure 2: The chain of care at Gastro. 
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The chain of care at Gastro consists of five phases. 

Coordination Gastro receives a referral, which is assessed by a senior surgeon 
(the coordinator) who decides if further examinations or tests are needed before 
the patient is signed up for the first MDTM, the decision conference (Groth & 
Scholl, 2013). In the coordination phase, the radiologists also examine available 
radiological examinations, and make a preliminary diagnosis. 

Decision In the decision phase, a team of medical specialists (surgeon, 
radiologist, pathologist, oncologist etc.) meet in an MDTM to make the 
diagnosis and decide on further investigations, follow up or treatment of the 
patient. 

Preparation In the preparation phase, when surgery has been determined, the 
patient meets with all medical staff that will be part of the subsequent care, e.g., 
dietician, physiotherapist, anaesthesiologist, and surgeon. This phase also 
includes an MDTM in which radiologists and surgeons prepare for the surgical 
procedure. 

Intervention In the intervention phase, the patient undergoes surgery. 

Aftercare In the aftercare phase, the patient is in the surgical wards, initially at 
the intermediary care unit until the patient is stable enough to be transferred to 
the regular surgical ward. 

Multidisciplinary team meetings at Gastro 

One element of the work processes at Gastro is the weekly MDTMs for liver, 
pancreas and oesophagus respectively. There are three different kinds of 
MDTMs, designed for different stages of the chain of care:  

Decision conference An assessment in which the participants, working 
towards consensus, decide on the diagnosis and treatment of patients. See 
chapter ‘Gastro decision conference, in detail’ (on page 23) for a thorough 
description. 

Pre-operative conference Technical planning for the surgical procedure. 

Post-operative conference A forum for feedback and evaluation comparing 
radiology and surgical treatment with the final pathological result of the resected 
tumour. (This MDTM was practiced at the beginning of the research project, 
and only for pancreas patients, but it was later discontinued.) 
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The doctoral work presented here does not seek to evaluate any clinical results 
of Gastro, or to determine whether or not multidisciplinary teamwork and 
meetings deliver effective care. It has been a basic condition that Gastro has 
chosen this approach. 

A call for ground-breaking research 
In 2008, eight researchers from the Department of Human-Computer 
Interaction (HCI) at KTH and seven surgeons from Karolinska University 
Hospital were able to initiate a four-year project to work interdisciplinarily on 
improving technologies to be used in the surgeons’ daily work. It was not the 
first time that two of the initiators (one from each discipline) had worked 
together, but now it was on a larger scale. The new team would further explore 
ways of working together (medicine and engineering), find new innovative 
technical tools for the medical community, and also establish a network between 
academia and industry in order to take the tools to market. The project was 
called Funk-IS: “Functionality enhancing technologies for built-in systems with 
application within advanced medical processes” (from the project description). 

The project included three different approaches (information visualisation, 
haptics and methodology), and each HCI-researcher would focus on one of 
them. All my doctoral work has been conducted within this project, and with a 
focus on information visualisation in MDTMs. 

NB: “We” is occasionally used in the thesis, as the research has been a team 
effort and refers to project members from both the HCI and medical side. 

Researching the MDTMs 
Inspired by how the surgeons in the project team described their work and the 
discussions at the MDTMs, the doctoral work started with an intention to find 
ways of mediating information and experiences from senior surgeons to more 
junior surgeons. The highly-trained and experienced surgeons possess tacit 
knowledge about their field that only can be acquired by hard work and 
extensive training. Somehow, the experienced physicians sift through extensive 
amounts of patient information, pick the most relevant pieces and more or less 
subconsciously know what a patient is suffering from. However, the research 
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intention was never to try and tap into the tacit knowledge of the surgeons. Nor 
was it to build yet another decision-support system with a large database of facts 
and patient information, and have the machine tell physicians what to do. The 
hypothesis was that the kind of decision-making that takes place in MDTMs 
requires human thought, feelings and logic. Digital collaborative tools can, 
however, help people to sort, filter and display relevant information. By adding 
better support for displaying patient information and collaboratively work with 
it in MDTMs, there is a chance that the participants can learn more from each 
other (across specialities and level of experience). That is why I decided to focus 
on information visualisation and designing collaborative tools for interaction 
with patient information at MDTMs. 

It has not been a matter of imposing new technical solutions “from above”, as 
the project initiative jointly came from the medical side. The medical specialists 
have a desire to introduce new means of presenting and working with patient 
information in the MDTMs, not to make better decisions, but to gain a better 
basis for their decisions. The aim of my research has been to figure out how 
medical specialists can best be equipped with collaborative, digital tools to 
support their need for information visualisation in the MDTMs. The focus has 
been on a specific MDTM, the decision conference, as it constitutes a critical 
point in the care of the patients, in which large amounts of information are 
presented, and the participants must be efficient in grasping relevant 
information on each patient and make a decision in consensus. Eventually, I 
landed on the following research question: 

How can patient information be presented in multidisciplinary team meetings, in order to 
support the collaborative work between the medical specialists? 

An answer to the question is presented and discussed in the chapters ‘A 
complex context’ (which describes the setting and the design activities) and 
‘Creating a case-based presentation’ (which describes the results of the research). 

As the work progressed, I realised that it is motivated to describe and elaborate 
on how the interdisciplinary work actually was conducted. I had worked for 
quite some time in the healthcare area and felt that there should really be room 
for introducing a new “specialty” in medical work. So, by classifying my work as 
interaction design, I added a research question: 

What role can an interaction designer take in the development of interfaces and collaborative 
tools for healthcare? 
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A more general discussion concerning this question is found in the chapter ‘A 
way forward’. 

Throughout the doctoral work, there has been a specific user group and setting 
in mind, but, nonetheless, conclusions are drawn based on the research 
conducted that could have implications for design work for medical work in 
general. It is hoped that not only engineers and people trained in human-
computer interaction, but also people working with, for instance, medical 
decision-making or informatics will find this reading interesting and important. 

In order to pursue the answers to the research questions, I decided to use 
methods derived from computer-supported cooperative work (CSCW) and 
interaction design (IxD). These are but two of several areas in HCI, but they 
apply nicely to this particular task: designing for interaction of work that is done 
cooperatively. 

CSCW and IxD, a brief background 
Computers (of varying forms and sizes) started to be developed in the 1960s, 
and a few decades later they moved out of the research labs and into the lives of 
ordinary people. In the beginning, as computers were quite large and very 
expensive, they were mostly used in workplaces. Some time during the 1970s, 
research was conducted on not only the technology and electronics of the 
computers, but also how it was and could be used in different situations. That is, 
there was research on how computers could support the work conducted by 
several people within an organisation. The term computer-supported 
cooperative work (CSCW) was coined at a workshop in 1984, in which a 
number of people gathered with a shared interest in how to “explore 
technology’s role in the work environment” (Grudin, 1994, p. 19). It is 
important to note that CSCW not only looks at either technology or work 
processes, but also focuses on how technology and work inevitably are 
intertwined and affect each other. 

The research field of CSCW includes several different disciplines, from 
computer science to anthropology and organisational theory, to name a few. It 
might seem a disparate area, but it has a reasonably homogeneous community of 
conferences and journals, and there are some attempts at stating a definition, for 
instance: 
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Computer Supported Cooperative Work (CSCW) is a generic term, 
which combines the understanding of the way people work in groups 
with the enabling technologies of computer networking, and 
associated hardware, software, services and techniques. (Wilson, 
1991, p. 1) 

CSCW should be conceived of as an endeavor to understand the 
nature and requirements of cooperative work with the objective of 
designing computer-based technologies for cooperative work 
arrangements. (Schmidt & Bannon, 1992, p. 11) 

As computers became more and more accessible during the 1970s, the 
importance of the computers’ interfaces for the users started to become a major 
topic. A decade later, the design of interfaces (or designing for interaction) had 
matured into a craft of its own. The term interaction design was coined by Bill 
Moggridge (in discussion with Bill Verplank) in the late 1980s (Saffer, 2006). At 
that time, there was really no proper title for people working with the design and 
interaction aspects of interfaces, but the area had become a profession, and so 
an appropriate term was born. One might argue that the community today is 
still struggling a bit with the name, what it should mean, and who are working as 
such. Therefore, three examples of definitions or descriptions of interaction 
design (IxD) are given below. 

The Interaction Design Association (IxDA), a network of 20,000+ professionals 
in interaction design, writes: 

Interaction Design (IxD) defines the structure and behavior of 
interactive systems. Interaction Designers strive to create meaningful 
relationships between people and the products and services that they 
use, from computers to mobile devices to appliances and beyond. 
Our practices are evolving with the world; join the conversation. 
(Interaction Design Association, n.d.) 

Löwgren (2008) gives the description: “Interaction design is about shaping 
digital things for people’s use”, pointing out that interaction design should be 
seen as a design process with five major characteristics: 

• Design involves changing situations by shaping and deploying artefacts 
• Design is about exploring possible futures 
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• Design entails framing the “problem” in parallel with creating possible 
“solutions” 

• Design involves thinking through sketching and other tangible 
representations 

• Design addresses instrumental, technical, aesthetic and ethical aspects 
throughout (Löwgren, 2008) 

Saffer (2006) describes three ways of looking at interaction design:  

• a technology-centred view (start with innovative technology or software 
and mould it to enjoyable products)  

• a behaviourist view (focus on the behaviour of products, their 
functionality and feedback to users) and  

• a social interaction design view (a broad view, which concerns 
communication between humans through products for which 
technology is almost irrelevant) 

Saffer (2006) also points out two main perspectives on the matter, which are 
valid for all three views: it is an applied art (as opposed to a science), and it is 
contextual (solving specific problems under specific circumstances). 

Without trying to add another definition, I see the interaction designer as 
someone who is working with both technology and people, trying to find the 
best technical solutions for people to interact with. Just as Saffer (2006) 
describes it, it is about designing for interaction, not merely the hands-on 
interaction itself. As a designer or developer, one can never fully anticipate the 
way users will actually interact with the interface. In addition, an interface is 
never complete or finished; it is a living activity of tweaking, improving and 
adding features, based on both what the users want and the experience of the 
designer. 

Interaction design is a multidisciplinary approach. The interaction designer 
should be knowledgeable in, for instance, technical solutions (including 
prototyping and system development), aesthetic aspects, social and cognitive 
psychology. On top of that, the interaction designer has to be quick in learning 
about the context s/he is designing for, be that the healthcare sector, other 
workplace settings, or commercial settings. This ability is pivotal, as, without a 
fair understanding of the context and what the users are actually doing, the 
interaction designer has no real chance of having a fruitful discussion with 
stakeholders, learning and interpreting their needs and requirements, and 
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passing those requirements on to the system developers. That is, the interaction 
designer needs to be able to make informed choices when discussing solutions 
with system developers. Obviously, the interaction designer cannot be a 
professional in each and every one of these quite different areas but should be a 
professional in the multidisciplinary approach, in order to be an efficient 
member of a development team. 

Interaction design is a craft; only through education and lots of practical 
experience can one be skilled at it.  The lay person can have many strong 
opinions on, for instance, what an interface should look like and how the 
functionality should be implemented, but it takes a skilled person to draw the 
essential needs and requirements out of those opinions and transform them into 
good design solutions. That is why an interaction designer makes many sketches 
and prototypes, discusses the ideas with stakeholders, and discards most of the 
ideas just to find that illusive design idea that really makes a difference 
(Westerlund, 2009). 

Chapter summary 

Modern healthcare is facing great challenges when it comes to making patient 
information easily accessible to clinicians at the point when it is needed, and this 
work has only begun. Medical work is characterised by asynchronous 
information flow, super-specialty, collaboration and mobility, a fact which places 
new demands on the presentation of relevant patient information. Based on 
interdisciplinary research between engineers and medical specialists, this 
doctoral work has investigated how information visualisation and interaction 
with patient information can be supported in multidisciplinary team meetings 
(MDTMs). A research approach of computer-supported collaborative work 
(CSCW) and interaction design (IxD) has been used in order to investigate the 
meetings and to decide on how to support the work processes effectively in the 
meetings. 
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Related research 

The recommendation to adopt a multidisciplinary approach to medical work 
(specifically cancer services) is generally attributed to the so called Calman-Hine 
report from 1995 (Calman & Hine, 1995). The report seeks to ensure uniformly 
high standard care in England and Wales, by offering “a strategic framework to 
help commissioners and providers of cancer services to make well informed and 
wise decisions” (Calman & Hine, 1995, p. 1). The report gives a number of 
recommendations on how to improve healthcare processes and work, and two 
of the main features relate to establishing a professional network and securing 
efficient communication between professionals. That is, given a complex and 
nationally spread organisation, information needs to be made available to several 
healthcare practitioners at different steps in the care process. 

This endeavour soon led to the forming of multidisciplinary teams, which 
included members from different specialties, to tackle the complex work of 
highly specialised care. To ensure efficient communication within the team, 
regular meetings are held in which patients are discussed, so called 
multidisciplinary team meetings (MDTMs). The UK Department of Health has 
even issued a definition of this kind of multidisciplinary team, as a: 

… group of people of different health-care disciplines, which meets 
together at a given time (whether physically in one place, or by video 
or tele-conferencing) to discuss a given patient and who are each able 
to contribute independently to the diagnostic and treatment decisions 
about the patient. (Department of Health, 2004, p. 25) 

The clinical aspects of multidisciplinary teamwork and meetings have been 
discussed and researched for at least the last decade. The general impression is 
that the practice of MDTMs is an indispensable tool, especially in cancer-related 
care, and it has been shown that the multidisciplinary approach offers more 
informed decisions than if they are made by individual specialists (Chang et al., 
2001; Ruhstaller, Roe, Thürlimann, & Nicoll, 2006). Clinical research has shown 
that multidisciplinary teamwork improves medical care (Burton et al., 2006; 
Morris, Haward, Gilthorpe, Craigs, & Forman, 2006), but there is also research 
that shows that the evidence to support it is quite weak and that more clinical 
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trials are needed (Fleissig, Jenkins, Catt, & Fallowfield, 2006; Kee, Owen, & 
Leathem, 2004; Tattersall, 2006; Taylor et al., 2010). Especially as implementing 
a multidisciplinary teamwork approach requires large investments in reorganisa-
tion. From the clinical side, there are also reports on dimensions of the 
teamwork that could do with improvements in order to better optimise work, 
for instance by presenting more information (such as patient comorbidity), 
better recording of decisions, and implementing dedicated roles to practically 
handle the meetings (Blazeby et al., 2006; Kelly et al., 2003; Macaskill, Thrush, 
Walker, & Dixon, 2006). 

However, the clinical aspect of MDTMs and how they relate to medical care is 
not within the scope of this thesis. The focus here is on aspects such as how 
patient information can be displayed in medical work (particularly MDTMs and 
other collaborative settings), how medical personnel interact with patient 
information using collaborative tools, and how the tools should be designed in 
order to support communication and the work that is being conducted. That is, 
the fields of computer-supported cooperative work (CSCW)–to understand how 
the tools should be used, and interaction design (IxD)–to design the tools are 
the objectives of this thesis. 

MDTMs have only been practiced for a few decades and commonly used for 
less than that. Consequently, improvements are still to be made, and CSCW and 
IxD research on medical MDTMs has only been conducted in the last few years. 
Indeed, much more research can be carried out within the area of collaborative 
technologies and healthcare teams (Househ & Lau, 2005). 

Similar MDTM settings 
There are a handful of research groups that have focused on the CSCW 
(primarily) and IxD (to some extent) aspects of MDTMs. In general, they have 
thoroughly investigated the meetings and described them in detail, and in some 
cases they even discuss digital tools that could be useful in the meetings. 

Based on extensive ethnographic studies of MDTMs, Kane and Luz (2009a, 
2009b) make in-depth descriptions of the meetings with a particular focus on 
the consensus decision and information sharing. The authors describe the highly 
collaborative and synchronous nature of the meetings and how digital tools 
most likely have an important part to play when it comes to improving the 
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meetings: “Identifying how technology could improve specialist interactions and 
enhance awareness at MDTMs can be expected to deliver real benefits” (Kane 
& Luz, 2009a, p. 383). They also describe how new knowledge is generated 
during the meetings, which highlights the importance of information 
presentation, interaction among the participants (e.g., collaborative pointing and 
annotating), and record keeping both of the decision and the basis for the 
decision (Kane & Luz, 2009b, 2012). The authors also caution about 
introducing too much technology and data gathering in the meetings, as it might 
“… risk turning the meeting into a group form-filling exercise” (Kane & Luz, 
2011, p. 1). 

Using field studies to examine MDTMs, Robertson, Li, O’Hara, and Hansen 
(2010) also describe the meetings in detail, and are puzzled by the lack of 
modern technology to support the meetings: 

Why, after all the years of CSCW and related research, were these 
highly skilled, dedicated and professional people using such 
inadequate, brittle technology so inappropriate to the demands being 
made of it and to the settings for collaboration in which it was being 
used? (Robertson et al., 2010, p. 510) 

The researchers make several recommendations, for instance on how to arrange 
the physical space, the use of pointing and annotation tools, providing an 
“interaction space” for key roles, and digital tools to support interactions across 
physically distributed sites (Li & Robertson, 2011). 

Other recommendations include the importance of gathering and displaying 
patient information at MDTMs (Napolitano, Ranaghan, Middleton, Fox, & 
Gavin, 2011) as well as capturing the discussion and management plan (Field et 
al., 2010). 

A broader view: Information visualisation of patient data 
Information visualisation of data and to some extent also information available 
in electronic medical records (EMR) has been a research field for a number of 
years and has had a certain influence on the development of EMR systems.  

In general, information visualisation has the potential to achieve a number of 
goals within a medical context:  
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• Visually present medical data in more intuitive, easy to understand, easy 
to learn, easy to recognize, easy to navigate, easy to manage formats 

• Visually magnify subtle aspects of the diagnostic, therapeutic, patient 
management, and healing process, which otherwise could be difficult to 
notice 

• Prevent information overload and allow members of the clinical staff to 
master larger quantities of information (Chittaro, 2001, p. 84) 

For example, there have been several attempts at condensing large amounts of 
patient history (using large sets of patients) into graphical representations, in 
which users can align, compare, and find similar patients based on the 
exploration of patterns in the displayed timelines (Plaisant, Milash, Rose, 
Widoff, & Shneiderman, 1996; Wang et al., 2008; Wongsuphasawat et al., 2011). 
The continued research on these systems has resulted in a set of general 
recommendations for the design of multiple EMRs, which include for instance 
showing details prominently and allowing for high information density as well as 
presenting overview in different ways to explore the data set (Wang, 
Wongsuphasawat, Plaisant, & Shneiderman, 2010). 

As another example, research has been conducted on different types of data 
visualisation and interaction techniques when working with time-oriented data 
in medical settings (here: intensive care units) (Bade, Schlechtweg, & Miksch, 
2004). The work resulted in the design of an interactive visualisation tool that 
supports users with different tasks in mind as well as capturing as much 
information as possible without losing overview and detail (Bade et al., 2004) 

The examples given above mostly concern medical data, such as lab data or 
continuous measurement of bodily values, in which information visualisation 
techniques can be applied more readily. But the EMRs are also full of medical 
history written in text and notes, which are more difficult to automatically 
display in condensed formats and to apply filtering and comparison techniques. 
To complicate matters even more, it has been noticed that notes in the EMR are 
frequently copied into new annotations, leading to severe redundancy of 
information (Wrenn, Stein, Bakken, & Stetson, 2010). 

There have been a number of research attempts at better displaying this kind of 
information, and connecting it to data as well as information of other modalities 
(such as images). Ebadollahi et al. (2006) introduced the idea of “‘concept- 
based multimedia medical records’, which aims at aggregating snippets of 
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information extracted from multiple sources of multimedia data for all concepts 
in the context of patient’s health status” (p. 998) and concluded that clinicians 
are supported by this way of aggregating related information. McLoughlin et al. 
(2006) utilised mobile technology to allow caregivers access to and interaction 
with patient information; the system also records the interactions of the users 
and analyses them in order to extract knowledge from experts when using the 
information in diagnostic work. McKeown et al. (2001) developed a system for 
extracting information from several medical information containers (such as the 
EMR and medical libraries), and, by using different components for search, 
presentation and summarisation, a more personalised and contextual search of 
medical records could be achieved. Mamykina et al. (2004) introduced a tool for 
presenting narrative instances in a patient record, allowing clinicians to find 
temporal trends in the information using different visualisation techniques; user 
studies show improvements in identifying trends, but emphasise the importance 
of access to the source material (i.e., the actual narratives) and not just 
information about the instances. 

From paper to electronic 
Modern healthcare is to a large degree still paper-based, simply because much of 
the practical work conducted by healthcare personnel requires for instance 
scribbling down small annotations to remember, or even printing out a medical 
record and sending it as a referral to another clinic or hospital. Due to the 
affordances of efficiency and simplicity that paper brings to the practical work, 
there is a great risk that digital replacements of paper-based routines will not be 
accepted at all (Tang & Carpendale, 2008). If the new digital tools do not 
adequately support work, clinicians seem to be ingenious in finding paper-based 
workarounds: a study on an existing EMR system revealed 11 different 
categories of paper-based workarounds (Saleem et al., 2009). But on the other 
hand, successful implementations of EMR systems can also lead to preferred 
use of electronic documentation (here: compared to dictated) (Hahn, Bernstein, 
McKenzie, King, & Longhurst, 2012). 

After studying how an EMR system affects the entire work system (including 
people, technology and work practices), Feufel et al. (2011) stated that work 
practice compensates for the limitations of technology. Still, the authors give 
four requirements for the design of EMR systems in order to promote 
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workplace efficiency: “… facilitation of locally customized data presentations; 
support for integration of hitherto fragmented record systems and data formats; 
support for effective multi-user coordination of control tasks; and guidance for 
standardizing a level of detail in planning and documenting care” (Feufel et al., 
2011, p. xxx.e85). 

Bång and Timpka (2007) caution about simply replacing paper-based work 
routines with digital tools, as “There is a risk that many of the favorable 
characteristics of flexible paper technology will be lost if the design is not 
performed carefully, and our results indicate that system developers should not 
overlook that risk” (p. S63). The hybrid environment of multiple technologies 
(including modern computer technology and paper-based practices) that the 
authors have created and evaluated do, however, provide support for 
introducing tangible user interfaces (Bång & Timpka, 2007). 

Other research projects have, on the other hand, taken the digital tools to 
another level by not simply replacing paper-based routines but improving work 
processes with the help of features of new technology. Bossen and Jensen 
(2008) report on an implemented coordination and awareness system that 
introduces new and improved ways of working collaboratively between remote 
locations. Kjeldskov and Skov (2007) also give a positive account on the 
introduction of a ubiquitous EMR system, but that “… interaction design for 
such systems must be carefully thought out and thoroughly evaluated” (p. 549). 

A study was conducted in order to understand the preparations for the 
introduction of an EMR system, partly with the intention to move towards a 
paperless hospital (Waterson, Glenn, & Eason, 2012). The researchers found 
that it seemed nearly impossible to reach that paperless state due to the difficulty 
of bringing all sorts of patient information (containing everything from lab data 
to radiology examinations) into a single record. What they found was that 
medical personnel started to implement “home grown” systems as well as 
paper-based solutions or workarounds. They still give a number of 
recommendations for implementation and adopting EMR systems, including 
“close collaboration between the designers of applications and end-users” and 
“understanding the needs of different users in different task contexts” 
(Waterson et al., 2012, p. 126). 
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Lessons learned: Whom to include when designing or 
implementing digital tools 
Needless to say, user involvement is crucial to a successful design and 
implementation of any large-scale system at a workplace, hospitals included 
(Bossen, 2006a; Salman, Cheng, & Patterson, 2012; Waterson et al., 2012). But 
even when using “participatory action research” (a combination of action 
research and participatory design), it can be a complex task to develop digital 
tools for the healthcare domain, in terms of the work processes that should be 
supported as well as organisational challenges of cooperation (Jansson, 
Mörtberg, & Mirijamdotter, 2008). 

Active participation from representatives of future users and management (i.e., 
not only IT-developers) help assure adaption of a large-scale information system 
(Boulus & Bjorn, 2010). To avoid a top-down approach of designing and 
implementing an EMR system, Bossen (2006b) recommends that “… strong, 
working relations between the designers, implementers and users of these 
system to ensure that IT technologies are not implemented from above based 
on a view from nowhere …” (p. 77) should be established as well as “… 
entail[ing] critical awareness of how representations of work become resources 
for design processes …” (p. 77). 

The area of EMR systems is disparate; there are numerous different systems, 
both commercial and those used in research. Within this plethora, it is not 
difficult to find examples from research studies in which the users (healthcare 
personnel) are quite negative towards the IT systems they are using or where 
implementation has not been a success (Avison & Young, 2007; Martikainen, 
Viitanen, Korpela, & Lääveri, 2012). But there are also accounts of positive 
implementations. For instance, Vedel et al. (2012) argue that barriers to 
implementation include lack of IT skills among users, the perceived quality of 
the system, and getting a critical mass of users. With a better understanding of 
the implementation process, such barriers can be tackled and clinicians can be 
encouraged to adopt and make full use of the system (Vedel et al., 2012). 

In a case study on usability evaluation of an EMR system, heuristic evaluation 
was used to improve the usability during implementation (Edwards, Moloney, 
Jacko, & Sainfort, 2008). The method resulted in, for instance, changes in the 
system configuration as well as change requests to the system vendor on overall 
system usability. However, the researchers had a hard time finding evaluators 
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with both medical and usability knowledge, and so their solution was to build a 
team of both professions. They conclude by noting “… the need to develop 
novel, intuitive interfaces for managing and displaying the large amount of 
information contained in patient medical records …” (Edwards et al., 2008, p. 
727). 

It is fair to conclude that the design space of medical work is complex, and, 
when there are no existing or similar tools to compare with, it is not always clear 
what one is designing for in the end. 

However, more often than not, there is no objective goal to aim for 
that can be formally specified and used as a target criterion that will 
signal when we have designed an appropriate system. Instead, there is 
a large set of vague goals – some of which may last through the entire 
project and some that will not. (Borälv, 2005, pt. Abstract) 

On the topic of conducting usability testing of mobile electronic patient record 
systems, Svanæs, Alsos, & Dahl (2010) make general recommendations to 
include ergonomic and social aspects, and how well the system is integrated with 
existing work practices. Furthermore, they stress the importance of using 
realistic scenarios when testing, preferably in well-equipped usability laboratories 
that model the hospital environment (Svanæs et al., 2010). 

Research challenges for CSCW in healthcare 
Based on a literature review on the use of collaborative technologies by 
healthcare teams, Househ and Lau (2005) conclude that “… collaborative 
healthcare technologies can have positive effects on team work processes …” 
(p. 449), but that there is a limited number of research studies in that area, a 
situation which calls for additional research. 

In a fairly comprehensive literature review on CSCW research in healthcare, 
Fitzpatrick and Ellingsen (2012) note that there have been several studies con-
ducted on describing the contexts, but very few have gone from understanding 
to actual design. The authors conclude by suggesting four ways that CSCW 
researchers can broaden their research: 

… fine-tune their research in accordance with larger ICT initiatives 
… expand the ‘work practice’ settings in which CSCW research is 
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conducted, to follow the patient trajectory around the multiple 
settings in which their care is provided and to do this over more 
extended periods of time … remember the person as the ‘patient’ at 
the centre of all this work … recognising where and how other non-
healthcare specific CSCW findings and expertise might be interpreted 
and lessons learnt for Health IT. (Fitzpatrick & Ellingsen, 2012, 
Chapter 6. Conclusion) 

Studying the role of the EMR in relation to how medical workers actually 
conduct their daily work, Hartswood et al. (2003) “… doubt that technologies 
like the EMR can deliver their promised benefits unless there is a better 
understanding of the work they are intended to support and the processes used 
in its development and deployment become significantly more user-led” (p. 
241). The authors also claim that designers of such tools need to spend time 
studying work practices in order to be able to “design in use” (Hartswood et al., 
2003). 

Designing CSCW tools in healthcare settings needs a deep understanding of 
roles, activities and technology in use (Liu, Laffey, & Cox, 2008). For example, 
medical staff must care for two different work trajectories: that of the patient 
and that of the medical record (Pine, 2012). With an understanding of the 
constraints and conflicts that affect collaboration among healthcare personnel, it 
is possible to design these collaborative tools (Nomura et al., 2008). 

There could even be a two-way communication, as suggested by Pratt, Reddy, 
McDonald, Tarczy-Hornoch, and Gennari (2004), by applying CSCW 
methodology when studying the use of EMR systems, and presenting the 
research results to the target user community (here: medical informatics): 

In describing and reviewing a portion of the CSCW field, part of our 
goal was to help create a synergy between medical informatics and 
CSCW, resulting in productive teams of CSCW researchers, medical 
informaticists, health-care providers, patients, and other stakeholders 
in health care. We hope that these teams will use both the 
methodologies and findings from our paper and the referenced 
CSCW resources to study, produce, and deploy quality medical 
information systems that succeed. (Pratt et al., 2004, p. 135) 
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Chapter summary 

A great deal of research has been conducted on collaborative settings and tools 
in healthcare, and many researchers call for the active participation of medical 
personnel in the design and development of the tools. However, either the 
research has mainly focused on describing current settings, or evaluating a rather 
specific tool or visualisation technique. Only a few have actually gone from 
recommendations or design implications to real implementation and testing. 
That final step reinforces a crucial part of CSCW for healthcare: the need to be 
more integrated in actual (medical) work in order to design interaction that 
makes a difference. 
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A complex context 

The research conducted in the doctoral work was targeted not only towards a 
specific user group, but also for a quite specific work situation. One might think 
that this would make things simple and straightforward, but instead it proved a 
difficult task to conduct traditional cooperative design (Bødker, Ehn, Sjögren, & 
Sundblad, 2000; Greenbaum & Kyng, 1991; Schuler & Namioka, 1993) “by the 
book”. It has been a complex context in which to work. 

Gastro decision conference, in detail 
Decision conferences at Gastro have been studied in several observations over 
the years, and the results have been reported in (Frykholm & Groth, 2011; 
Frykholm, Nilsson, Groth, & Yngling, 2012; Groth, Frykholm, Segersvard, 
Isaksson, & Permert, 2009). The meetings have been conducted in much the 
same manner for several years, although there has been some fine-tuning along 
the way. Below is a detailed description of how the meetings were carried out at 
the end of the project. 

Because it is a crucial point in the chain of care, the decision conference (see 
Figure 3) needs to be a focused meeting. Given the increasing number of 
referrals to Gastro, it must also be efficient in terms of presenting just the most 
relevant patient information in order to reach a decision on patients’ diagnoses 
and treatment. The decision conference is a weekly activity attended by 5-15 
medical specialists and physicians from different sites. It handles 15-25 patients 
and lasts about 90 minutes. The decision conference must also include four 
different medical disciplines: radiology, surgery, oncology, and pathology. 
Usually a few other disciplines also attend, such as transplantation and 
hepatology at the liver conferences. 
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Figure 3: Decision conference with radiologists in the foreground, video-conference 
display in top left, projections of radiology images in far left, other medical specialists in 
the audience on the right. (Photo: Staffan Larsson, STH, KTH.) 

Roles and tasks 

In addition to the different medical specialties that are required in the meeting, 
some participants are more prominent and have specific roles and, conse-
quently, specific tasks to complete. 

Chair A senior surgeon who is responsible for the meeting overall, making sure 
that all relevant information is presented and that a consensus decision is made. 

Presenter Usually a surgeon in training, who has prepared a summary of each 
patient in advance and is to a certain degree able to answer questions about the 
patients. The presenter is responsible for taking notes during the meeting, and 
making notes on the decisions and treatment for each patient in the electronic 
medical record (EMR). 

Referring physician Sometimes the physician who referred the patient to 
Gastro and who is participating at the videoconference (via the telemedical link), 
will present the patient instead of the presenter. 
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Radiologist The radiologists have examined the images and prepared a 
presentation in advance, which is registered in the EMR after the conference. 

Other specialists In certain cases, other specialists, such as oncologists or 
pathologists, participate and will present, for instance, on-going treatment or 
results from examinations. 

The participants with these roles are usually the most active ones during case 
discussion, but any participant is of course able to take part. In addition to the 
medical specialists, a number of surgeons in training might be present at the 
conference.  

A structured process 

The meetings and case discussions must be efficient, as there are many patients 
to discuss and physicians’ time is limited. Therefore, a structured process of 
presenting and discussing information, developed by the physicians over the 
years, is used for each case. On average, each patient takes 6-7 minutes to 
discuss (Frykholm & Groth, 2011). 

Introduction Each patient discussion starts with a brief introduction of the 
case, made by the presenter or the referring physician, including information 
such as: patient status, comorbidity, on-going treatments, subjective symptoms, 
and a question for the conference regarding what should be decided on. 

Radiology presentation Then a radiologist presents the radiological findings, 
by showing images from a number of radiology examinations. The radiology 
presentation is an important part of the conference, as it shows the best 
available representation of the patient’s internal affected area (organs, tumours, 
blood vessels etc.) and is therefore usually the longest presentation. 

Other specialists’ presentations In cases which, for instance, an oncologist or 
a pathologist has results to present, these will be given after the radiology. 

Discussion Towards the end of the radiology presentation, other participants 
join the discussion by asking questions, asking the radiologist to show specific 
areas (Sallnäs, Moll, Frykholm, Groth, & Forsslund, 2011), and starting to work 
out the diagnosis. In straightforward cases, the discussion takes no more than a 
few minutes, but it might extend to 5-10 minutes in difficult cases. Detailed 
descriptions of the discussions are also given in (Engström & Groth, 2009; 
Frykholm & Groth, 2011; Groth et al., 2009). 
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Decision summary At the end of the discussion, the chair quickly concludes 
the whole case discussion by stating the decision, mostly to make sure that the 
presenter makes a correct annotation in the EMR. 

Interaction and collaboration 

The decision conference makes good use of advanced technology, when display-
ing radiology, which adds invaluable support for the specialists to comprehend 
the patients. The radiology images are displayed, using two projectors, on the 
wall facing the other conference participants. Usually, the most active 
participants are seated close to the projections, in the middle of the room. The 
presenting radiologists are seated at a radiology workstation in front of the other 
participants, where they have three high-resolution displays connected to their 
Radiology Information System and Picture Archiving and Communication 
System. The radiologist has prepared a statement in advance, both in text and 
using a number of “bookmarked” images with relevant findings (e.g., suspected 
tumours). Although one specific image in the stack of images might show the 
finding most clearly, the radiologist scrolls up and down on adjacent images to 
show the three-dimensional space of organs and vessels. The radiologist has the 
overall control of this presentation, by handling the images (choosing which 
examinations to display, scrolling images, and pointing to specific areas). 

As conference participants might be located in other hospitals, a 
videoconference system is used to broadcast radiology images (the same as on 
the two projectors), video of the local conference room, and audio. The remote 
hospitals have the same kind of system installed in similar meeting rooms. 

Access to patient information 

When patient-related questions are raised in the conference, the presenter and 
certainly the referring physician might know the answers. Otherwise there is no 
patient information readily available for the participants (apart from the 
radiology). The EMR system is available on the radiology workstation, but it is 
almost never used as it takes too long to access it and find the correct 
information. If they cannot get the information at once, they make a decision 
with several alternatives; the actual decision will later be made, based on the 
missing information that is checked after the conference. 
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Something is missing in MDTMs* 
As mentioned previously (see chapter ‘Similar MDTM settings’, on page 14), a 
fair amount of research has been conducted specifically on MDTMs. The 
meetings have been thoroughly investigated and described, and there have also 
been a few recommendations on how collaborative tools could support them. 
However, at the start of the research, I was not aware of any initiatives in which 
tools had actually been developed and tested in realistic settings. 

Today, MDTMs are already quite “high-tech”, when it comes to radiology and 
videoconferencing, but, apart from that, they are actually “no-tech”. In the case 
of the decision conference, the participants have for instance mentioned a need 
of accessing the EMR in certain cases. A straightforward solution would be to 
set up a dedicated EMR computer in the meeting room, but apparently this has 
never been realised as it is still too time-consuming to search for specific 
information in the EMR. 

This deficiency means that all participants need to pay careful attention to all 
that is being said during the presentations and discussions, as no external 
visualisation of the information is available. Even though each case discussion 
lasts only a few minutes, it is hard to remember all facts on one specific patient. 
It is also hard to maintain focus on several patients throughout a whole meeting 
(up to 90 minutes). The display of radiology images certainly helps in 
maintaining focus, but it has been noticed that images from the previous case 
sometimes stay displayed at the beginning of the next case. As the radiologist is 
working on finding the new set of images, which might be archived and take a 
while to access, the presenter starts to introduce the next patient. Therefore, the 
MDTMs are sensitive as to maintaining focus on presented information on each 
patient. 

In “standard” cases, the decision on diagnosis and treatment can be made more 
or less straightforwardly. But in more complex cases, it is of utmost importance 
that senior and experienced specialists take an active part in the discussion and 
decision-making. This is in essence the multidisciplinary approach: to have a 
thorough discussion between several senior medical specialists in order to work 
out the best available course of action. Therefore, the MDTMs are sensitive as 
                                                        
* In the eyes of an interaction designer, there is clearly room for improvement of information 
visualisation. This observation does not mean that the medical specialists make bad or uninformed 
decisions at the MDTMs. 
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to which individuals (senior medical specialists in particular) are participating, 
and what they can relate to in terms of knowledge and experience. 

External disturbances sometimes occur: for instance, a participant might be 
paged and need to leave the room for a short telephone call. The meeting will 
continue, as they cannot afford to wait for too long. Therefore, the MDTMs are 
sensitive as to who is actually present at the meeting. 

Quite a lot can be said in the discussion of the cases, but not all of that 
information is recorded in the decision note in the EMR. There is some support 
in the EMR system on what information to add, as they use a template note 
with a few headlines and room for free text. But in practice, it is quite individual 
how much information is recorded. Usually, the diagnosis and treatment plan is 
recorded, but details such as treatment that should be avoided are not likely to 
be recorded. In our studies, we actually happened to notice a case in which a 
senior surgeon strongly opposed a specific treatment (based on an experience of 
a similar case), but that was not recorded in the decision. A few months later, 
when we went through the whole patient record with that same surgeon, we 
could see that other surgeons had actually discussed that treatment with the 
patient after the decision discussion (although it had never been carried out). 
Therefore, the MDTMs are sensitive in regard to what is recorded in the EMR, 
in the whole chain of care. 

Mission: It has been the mission of this doctoral work to target the “no-tech” 
side of the decision conference, that is, to introduce appropriate technology to 
support the collaborative decision-making that takes place in the meetings. Such 
technology should improve information visualisation and overview and give the 
participants a better basis for their decisions. This mission has specifically been 
done for the decision conference but with a deliberate effort to maintain a 
holistic approach to the overall chain of care and work at the clinic. 

Designing for collaboration and interaction 
Apart from the political aspects, a cooperative design approach (Bødker et al., 
2000) has been embraced in the research, by working closely with the users and 
trying to involve them in the work of creating the collaborative tools. It has 
even resembled an apprenticeship going both ways: HCI-researchers have tried 
to learn as much as possible about the medical work, and the medical specialists 
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have been given a chance to understand the basics of HCI work as well. That is, 
the specialists have had several opportunities to try out new technology, to see if 
it can somehow be used in their work (Olwal, Frykholm, Groth, & Moll, 2011). 
As the research methods have been applied collaboratively in their work, they 
have also had an opportunity to reflect on their own work from a new 
perspective (Frykholm, Lantz, Groth, & Walldius, 2010). Over the years, a 
number of observational and design activities with the medical specialists have 
been conducted as presented below. 

Some of the work that was done in the project resembles an ordinary system 
development project (for instance of a new EMR system). The major difference, 
however, has been the long-term commitment we have been able to make 
between HCI researchers and the medical specialists in the course of the project. 
We have also had the advantage of easy access to the setting, for instance, by 
being able to observe decision conferences at any time and conduct informal 
interviews or conversations with all staff at Gastro. In this way, we have worked 
more closely with the users, and on equal terms, than what is sometimes the 
case in system development (i.e., client-supplier relations). This fact has been a 
main condition of the research and strength of the project. 

This set of circumstances has, however, not meant that we have been able to 
conduct endless amounts of design activities with the medical specialists. They 
have busy schedules, and it has been tricky to find time slots for design activities 
when at least a handful of medical specialists could participate. We have been 
forced to plan larger activities quite far ahead, invite as many as possible and 
hope that most of them could make it in the end. 
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Figure 4: Surgeons trying a prototype multi-
touch display. 

 Technology demos (2008-2009) 

In the beginning of the project, the 
medical specialists were invited to 
KTH to try hands-on some 
innovative technology (such as a 
large multi-touch display). 

 
Figure 5: Observation of a decision conference. 

 Observations (2009-2011) 

Several field studies and obser-
vations of the medical specialists’ 
work were conducted. Decision and 
pre-operative conferences were 
observed during two longer periods 
in 2009 (Frykholm & Groth, 2011; 
Sallnäs et al., 2011). Collected 
material from observations of the 
whole chain of care, conducted be-
fore this project, has also been used. 

 
Figure 6: Workshops with two Gastro surgeons 
and a manager. 

 Workshops on structuring 
patient information (2009) 

An iterative work to sort out and 
categorise most of the information 
that is available in the EMR, and 
align it better with the chain of care. 
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Figure 7: Discussion on sketches with four 
Gastro surgeons. 

 Evaluations of design sketches 
(2010) 

The first sketches of the proposed 
collaborative tool were designed by 
the HCI researchers, but iteratively 
discussed with several medical 
specialists. 

 
Figure 8: Prototyping with one Gastro surgeon. 

 Cooperative prototyping (2010) 

In two prototyping sessions, each 
lasting two days, sketches of the 
new system were refined together 
with one surgeon. 

 
Figure 9: User study of interactive devices with 
Gastro surgeons. 

 Technology evaluation (2010) 

Focusing specifically on novel 
devices, three different interactive 
technologies were evaluated with 
the users. In individual sessions, and 
in a hypothetical pre-operative 
conference setting, collaborative 
pointing and drawing was 
implemented on the devices (Olwal 
et al., 2011).  
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Figure 10: Gastro surgeons interacting with 
radiology images on multi-touch displays. 

 Technology evaluation (2011) 

To compare using the system on 
individual and shared displays, a 
smaller effort was made to imple-
ment an early version of the system 
on multi-touch displays, which was 
tested by several surgeons. 

 
Figure 11: First evaluation in simulated 
decision conference. 

 First evaluation in simulated 
decision conference (2011) 

After the first version of the system 
had been developed as a high-
fidelity prototype for individual 
devices and a shared display, it was 
tested in a simulated decision con-
ference using real cases (Frykholm 
et al., 2012). 

 
Figure 12: Second evaluation in simulated 
decision conference. 

 Second evaluation in simulated 
decision conference (2012) 

Based on the previous evaluation, 
and after several design and pro-
totype improvements, the system 
was again tested in a simulated deci-
sion conference, basically in the 
same manner as in the first evalua-
tion. 
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The complexities 
At first glance, the context seems straightforward as the meetings have been 
thoroughly investigated and described. There are clear roles and tasks, there is a 
structured process in the meetings, the chain of care is formalised, and the 
patient information allows itself to be structured as well. In order to take a 
holistic point of view of the work that the medical specialists conduct, all 
dimensions should be taken into account. That was when the dimensions 
became complex, when trying to work with them in practice. 

“Big information” The most fundamental complexity is the fact that there is 
nearly too much information on a single patient for one person to grasp. The 
information is also spread out within the EMR and on a number of other 
clinical systems. Aggregating the relevant and necessary information is a task 
that probably cannot be done by one person (i.e., the presenter in the case of 
decision conference); it needs to be collected and coordinated in earlier stages of 
the chain of care. 

No formalised case-based presentation One could argue that case-based 
presentation is not a new thing, that it is the way medical education has been 
carried out for a long time. Students are presented a number of facts on a 
patient and should conclude what the patient is suffering from. In practicing 
medicine, this is the way physicians tackle the cases (Jonassen, 1996). However, 
we have not seen any examples of how this can be formalised. We have 
therefore tried to formalise patient information, and give the medical specialists 
an interface targeting a consistent patient presentation. 

Always in motion As with many workplaces, there is a constant desire to 
improve and refine work processes. Reality and reorganisations also make 
certain procedures redundant, and they need to be replaced by new ones. 
During the few years of the research project, some of the processes or situations 
that we took for granted as everlasting were replaced or discontinued. Also, 
some of the design activities made the medical specialists reflect upon their own 
work and critically evaluate them (Frykholm et al., 2010). 

No isolated situations It is impossible to single out the decision conference as 
a general work situation for the medical specialists. It is one important situation, 
but just as important as all the other situations along the chain of care. 
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The healthcare system is by itself a rich, composite information sys-
tem, with existing manual and computer-based procedures and sub-
systems for handling information and collaboration. A new system is 
not only designed according to a specification, but designed into a 
complex context of usage. (Nytro, Sorby, & Karpati, 2009, p. 62) 

Varying roles and tasks In the evaluations of the system, there has always 
been somewhat of a conflict in the statements of the individual medical 
specialists. At one point they might argue for a specific design solution, but the 
next minute an opposite stance may be adopted, because they relate to their 
work in another role. That is the nature of their teamwork; they have different 
roles depending on their schedule and have to complete different kinds of tasks. 

Dealing with complexities 

Cooperative design has helped in identifying these dimensions, but it has at the 
same time been hard time to resolve the requirements they impose. The design 
process has gone from observational in the beginning of the project to a more 
proactive stance towards the end. That is, as we (HCI researchers) learned more 
about the context, we were able to make better design decisions on our own. 
We could notice a development in the responses from the physicians, as we 
tried our different technologies on them. Some of the early prototypes that were 
more naïvely suggested (there were for instance certain devices we wanted them 
to test, or interface solutions we believed they would need) did not align with 
their work. Either the physicians did not find the prototypes to solve a problem 
in their work, or the test situation we set up did not do the prototypes justice 
(i.e., we only got hypothetical answers on how they could be used). The later 
prototypes, even though subject to questioning when tested, were better tuned 
to support the physicians’ requirements. For instance, we discussed for quite 
some time what kind of physical device we should develop for, and therefore 
tested some early prototypes on displays of various sizes (e.g., Olwal et al., 
2011). In the end we chose individual, tablet-sized displays to be distributed to 
all participants in the decision conference. In retrospect, one can argue that the 
devices were generally the right choice (i.e., possibly appropriate for the entire 
chain of care), but for the specific context of the decision conference, other kinds 
of devices might have been better. So, it is perhaps only now, at the end of the 
entire research project, that we are able to make informed design decisions, on 
our own, within their complex context. 



 35 

Chapter summary 

We have analysed the decision conference at Gastro in detail: we know very well 
who the users are, what they want to achieve in the meetings, and what we think 
we can help them with. Within our research field, we also have well-proven 
methods to conduct cooperative design and make sure that the tools we develop 
are well grounded. Still, it has been a complex context in which to work, as the 
tools need to aggregate information from disparate sources, for users with 
varying roles and tasks, and for a specific situation but with an eye on the bigger 
picture. Nonetheless, after several collaborative design activities, we learned a 
great deal about coping with the complexities and managing them. 
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Creating a case-based presentation 

The EMR system used at Karolinska is a powerful tool in regard to adding new 
notes on patients. It has a history of being developed full-heartedly for the users 
and functions very well given the complex annotation, referral and legality 
requirements it must support. When going from paper records to digital records, 
the interface was built using the metaphor of the traditional paper records, 
which served its purpose at the time. The development of the EMR system 
actually occurred within the hospital organisation and is today used by almost 
everyone at Karolinska. These days, however, the interface does not offer the 
same level of usability or experience one expects of modern systems. 

As an example of what case-based presentation looks like in a real work 
situation, the practical results of the research project are presented. There have 
been two main approaches in creating the case-based presentation: firstly, 
structuring all patient information relevant for Gastro, and secondly, designing 
and implementing a collaborative tool. The outcome is a system called the 
Clinical Journal, and as a final part of the research project it was implemented in 
a high-fidelity prototype and tested in two evaluations. The Clinical Journal is 
not intended to be a final product, but we believe that this way of presenting 
patient information in MDTMs adds significant efficiency to the meetings, 
support to the medical specialists’ understanding of each individual patient, and 
potentially even support during the whole chain of care. 

Basis: A structured list of patient information 
Without evaluating the usability of the current EMR system at Karolinska, we 
simply decided on creating a whole new approach to accessing patient 
information and presenting it in MDTMs. Therefore, we had to start by 
gathering all kinds of patient information that flow through Gastro, in order to 
rearrange it in a new interface. The work builds on an earlier work of detailing 
relevant and useful patient information (Engström & Groth, 2009) and has been 
refined in several iterations with a few of the surgeons at Gastro. In the end, it 
resulted in a list that supports a dynamic collection of medical material from 
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different sources and situations, to be used during a patient’s whole chain of 
care: from referral, through surgery, to postoperative care. The list contains 
considerable information about a patient, categorised with the following top-
level nodes:  

• Patient’s status 
• The organ 
• The patient’s subjective symptoms 
• Conducted, on-going and planned diagnostic procedure(s) 
• Clinical assessment and clinical question(s) for the decision conference 
• Conducted examinations 
• Concluding diagnosis and decision on continued procedures 
• Surgery 
• Anatomical pathology, after surgery (4–6 weeks) 
• Post-operative follow-up (9–12 months).  

Each top-level node has several sub-level nodes, making the list branch out to 
fine-grained details of medical information. We have deliberately avoided the 
use of free-form text, in order to make it easier to compare patients; therefore, 
most questions can be answered ‘yes/no’. For instance, regarding a pancreas 
case, if there are signs of metastases on the liver, it is noted under: 

Conducted examinations > Radiological examinations > Signs of spreading > 
Remote metastasis > Liver [Yes] 

The intention is not to display the whole list at once to physicians who want to 
review a patient or add an annotation. What is displayed will be information that 
is already filled out, that is, the first categories up to the point at which the 
patient is in the chain of care. For instance, as we designed for the decision 
conference, we would aggregate and display information from the first six 
categories and expect the meeting participants to fill in information on the 
seventh category (i.e., concluding diagnosis and decision on continued 
procedures). Of course, the last categories did not have to be accessible yet. As a 
patient progresses along the chain of care, several physicians would add pieces 
of information in the list, building more and more to the case-based 
presentation, and finally a complete patient profile will emerge. 

With this work done (Frykholm & Groth, 2011; Frykholm et al., 2010; Groth et 
al., 2009), we could start building the visual representation of the case-based 
presentation (Groth, Frykholm, & Yngling, 2011). 
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Design principles: The Clinical Journal 
The first idea of what kind of collaborative tool the physicians would need was a 
“working journal”, much like an interactive layer on top of all existing patient 
information. In that layer, which would be separate from existing information 
containers (e.g., the EMR or radiology systems), they could freely search and 
filter information, annotate it, and pick out certain pieces of information that 
they would find relevant on each patient. The basis of all information should be 
structured, but working with the information should be freer. In the early stages 
of the design phase, this concept was hard to convey to the physicians, as it was 
a way of working that they probably were not used to. In the following design 
activities, as we collaboratively started to create sketches, the concept took on a 
more concrete form and focused on supporting the actual meeting situation 
(decision conference). 

The interface of, and interaction with, the Clinical Journal has been designed to 
support five main principles, devised in collaboration with the medical 
specialists as well as based on our own observations (Frykholm et al., 2012). 

Case-based presentation It is important that all participants in an MDTM get 
a complete overview of the patient, that is, the entire case is presented. 
Therefore, they need to take into account, for instance: other diseases (than the 
one primarily discussed), on-going treatment, previous decisions, and the 
general state of the patient. We chose to present overview first and offer details 
on demand (Hornbæk & Hertzum, 2011), both in order not to risk cluttering 
the interface and to design consistent patient presentations (Morrison, 
Fitzpatrick, & Blackwell, 2011). 

Add, do not repeat The EMR usually contains a large number of notes for 
each patient, and information is easily repeated over several notes. That is, a 
physician first reads previous notes then adds a new note describing the patient 
and what has already been stated and appends new information. Focus should 
be on accessing all information and keeping it up-to-date, without the need to 
repeat it. 

Interactive and including Our intention was that all participants should have 
equal possibility to interact with all patient information (both text and images). 
Even though a participant might not be active in the discussion, she should still 
be able to search for, and even add, information. The participants have clear 
roles and we wanted to learn what different specialists find most important by 
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tracking what information they interact with. As participants might be located at 
another site, the system must also be connected over a network in order to 
display the same information to all participants. 

Checklists Patients are unique, but the way physicians look at a case can on an 
overall level be broken down to checklists. There are certain things they always 
need to look at, and the use of checklists can help avoid overlooking important 
information. 

A structured list of patient information The structured list is used as a basis 
for all patient information in the Clinical Journal. The most relevant information 
is displayed prominently in the interface (to give an overview), but all 
information from the EMR is accessible on demand. 

Screenshots: The prototype 
The Clinical Journal was implemented on individual, tablet-sized devices (Apple 
iPad). Intentionally, there are only a few views to navigate through, as the 
participants at the meetings should see as much as possible on as few views. 
Besides accessing the system on individual devices, a shared screen was also 
presented to all participants on a large display. 

Basically, there are four main views in the system: the first view is a condensed 
timeline presentation of all patients, and the other three views display 
information on one specific patient (see Figure 13). After choosing one patient 
in the list, there are three tabs at the bottom of the interface to navigate between 
overview (with access to detailed information), radiology and decision (see 
Figure 14 - Figure 18). 

 
Figure 13: Diagram of views in the Clinical Journal. 

Tab 2: 
Radiology view

Tab 3: 
Decision overview

Detailed patient information 
(nine sub-views)

Timeline of all patients

Tab 1: 
Patient overview
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Figure 14: Timeline of all patients. 

The screenshots show the system as it was implemented for the second 
evaluation of a simulated decision conference, that is, including design changes 
based on the first evaluation. 

Figure 14 shows the timelines of the patients to be discussed during a certain 
MDTM (here the system has been prepared with four patients). The small icons 
symbolise notes in the EMR (such as examinations), and specific events (such as 
MDTMs). 

Choosing one of the patients, an overview (Figure 15) is displayed, in which the 
most relevant information on that specific patient is collected: text information 
about the patient in the middle, a comorbidity sketch on the right, and a video 
of the patient on the bottom right. The coloured menu on the left is used to 
access detailed information about the patient. 

The complete list of patient information is extensive and, therefore, divided into 
nine sub-views. Typically the presenter, who is responsible for taking notes 
during the conference, will use one of the sub-views (here: “Concluding 
diagnosis and decision on continued procedures”, Figure 16) to record what is 
being decided during the case discussion. 
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Figure 15: Patient overview (tab 1). 

 
Figure 16: Detailed patient information (tab 1). 
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Figure 17: Radiology view (tab 2). 

 
Figure 18: Decision view (tab 3). 



 44 

The system was implemented so that the radiologist used the dedicated 
radiology workstation to display and navigate the images, but the output was 
sent both to the projectors in the room and to the Clinical Journal. That is, the 
images were displayed on all devices. Furthermore, the Clinical Journal was 
prepared with a few sets of images that the participants could access within the 
system, but were not displayed on the radiology workstation or projectors 
(Figure 17). 

In the radiology view, pointing and freehand drawing are implemented. Users 
simply point to an image on their device, and a cursor (along with the name of 
the user who is pointing) is displayed on the same image on all other devices. By 
clicking a button to enter a “Drawing” mode, a user can in the same manner 
point to an image and move the finger to draw. The drawing is sent to all other 
devices as soon as the user raises the finger. As an extra feature, the drawing is 
fading out on the adjacent 20 images (ten below and ten above the image where 
it was actually made). 

To be presented at the end of each case discussion, the third tab covers an 
overview of what has been discussed and decided upon (Figure 18). There is no 
interaction here; it should just highlight the most important information and 
make sure that everyone agrees on what has been decided. 

Apart from standard interaction with the user interface (i.e., navigating between 
different views and updating patient data), we have implemented two modes: 
Shared navigation: Any navigation a user makes in the interface is sent to all other 
devices (who are also in shared mode) and displayed. For instance, if a user 
navigates to another view, all other devices will be taken to that view. Private 
navigation: A user can choose to go “offline”, and thereby be able to navigate her 
device without affecting any of the other devices. Patient information is still 
updated on all devices when a change is made. 

Results: Cut both ways 
The Clinical Journal has been evaluated in two simulated decision conferences, 
with intermediate design iteration. Responses from the participants in both 
evaluations revealed that there were certainly a number of positive qualities of 
the system. But there were other functionalities that we got inconclusive 
answers to, and some that they were directly negative to. 
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+ Overview of information The case-based presentation, manifested by the 
one-screen overview (see Figure 15) was considered a great support for the 
meetings. 

+ Shared screen Using a large display in the front of the room, where all 
participants were able to see the shared view of the Clinical Journal, helped to 
keep a shared focus in the discussions. A few participants (especially the chair) 
used only that display. 

+ Support for the meeting process The tabbed interface (Overview / 
Radiology / Decision) was implemented based on a suggestion by one of the 
participants in the first evaluation, and was generally considered helpful in the 
second evaluation. 

+ Support for roles and tasks Some participants have specific tasks to 
complete and therefore need special attention. For instance, the presenter would 
more or less only be in private mode to make annotations, and the radiology 
part was in the end conducted on the ordinary radiology workstation, with a 
connection to the Clinical Journal in order to support collaborative pointing.  

+ Support for the chain of care Although only hypothetically discussed, the 
medical specialists could think of several other situations along the chain of care 
in which the Clinical Journal could add support, given that the interface would 
include specific views for these situations. 

± Pointing and annotating Throughout the research project, we have been 
told that collaborative pointing (e.g., on radiology images) and annotations are 
desired (Olwal et al., 2011). However, when presented with that feature in the 
simulated decision conferences, it was at the same time considered both 
unnecessary and important. These inconclusive comments might be a reaction 
to the fact that it was technically difficult to implement and therefore not 
thoroughly tested in the evaluations. 

± Private mode It was not really considered an advantage to be able to enter 
private mode during the decision conference, shared mode was preferred (for all 
participants except the presenter). 

− Individual devices Most of the participants, in both of the evaluations, 
considered having an individual device with the Clinical Journal disturbing. That 
is, they complained about losing shared focus and preferred to look at the large 
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display. On the other hand, some of the participants that had no formal role in 
the meetings appreciated an individual device. 

− Interaction on devices It turned out that the decision conference should 
not be a situation in which too much interaction with the Clinical Journal should 
be made. The presentations and the discussions are the main activities of 
meetings, and it was considered unnecessary to be able to interact extensively 
with the system. 

− Late catch with cooperative design One of the most important aspects of 
cooperative design is to make sure that the new system solves an actual problem 
or meets real requirements early in the design project. In the beginning of the 
project, the sketches of the Clinical Journal seemed to meet most of the user 
requirements, but it was not until the evaluations that the main purpose of the 
system was vigorously discussed. This calls for testing under more realistic 
circumstances, preferably with high-fidelity prototypes, even in the early stages 
of a design project. 

Retrospective: How the concept matured 
Given the complex task of working in the area of medical decision-making, it 
took some time to formulate and specify the concept behind this collaborative 
tool. From the research articles that have been produced over the years, one can 
follow the development of the concept. Some main ideas have been discarded, 
in favour of pursuing other ideas. All in all, this is a sound development, where 
the different ideas have been explored, presented to the medical specialists and 
refined in collaboration. 

This also highlights the difficulties of knowing what requirements or needs to 
actually design for. With the easy access to users and context that we have had 
over a couple of years, we have been able to test and reject a number of ideas 
and have discovered a solution that really has the potential to make a difference 
in the medical specialists’ daily work. 

 
2009  A medical planner journal, which can complement the oral 

presentation with a text version. The “whole” patient will be 
presented. Make it interactive and collaborative for all participants to: 
annotate results or examinations, highlight text, measure and 
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compare images, and add tags to quickly describe and categorise the 
material. Use large interactive screens on which several participants 
can work at the same time. (Groth et al., 2009) 

  The ‘clinical information workspace’, which can be personal (for an 
individual physician), role based (for physicians of a certain specialty), 
or shared (for all participants in the meeting). Make pre-sets to 
different modes of presentation, and allow unrestricted interaction 
with all the information. (Frykholm & Groth, 2009) 

2010  A clinical information workspace, a shared workspace to be used by 
all physicians, in order to get an overview of what has been decided 
on and what is important for the case. Make it possible to add new 
information that is relevant at that time. In the end, a complete 
description of relevant information for the case, from referral to sign-
off and outcome, is presented. (Frykholm & Groth, 2010) 

  A tool for visualising, and collaboratively working with, medical 
information during the consensus meetings. We present a first 
conceptual idea of a “collaborative clinical workspace”. (Frykholm et 
al., 2010) 

2011  A presentation interface: all patients’ information (text, images, lab 
data, etc.) is aggregated in one interface, and the most relevant infor-
mation is visualised on a one-screen patient overview. The medical 
specialists can work collaboratively with the interface to have more 
common ground during discussions. (Frykholm & Groth, 2011) 

  The Clinical Journal: a collaborative, shared workspace for visualising 
and interacting with patient information. Primarily intended to be 
used at MDTMs, it can also support a number of activities through-
out the patient care pathway (i.e., the chain of care). The system 
provides an overview of information from different patient infor-
mation sources within the hospital (e.g., the electronic medical record 
system and radiology imagery system). (Groth et al., 2011) 

2012  The system aggregates patient information from different sources 
and gives the medical specialists an interactive layer on top of the 
information, in which they can collaboratively present, search and 
annotate patient information. (Frykholm et al., 2012) 
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Chapter summary 

The practical outcome of the doctoral work is a collaborative system called the 
Clinical Journal. The information presented in the interface is based on a 
structured list of all relevant information along the chain of care. The Clinical 
Journal was implemented on individual, tablet-sized displays as well as on a large 
display and evaluated in two simulated decision conferences. These two 
evaluations have essentially helped answer the first research question of the 
doctoral work, that is, on how to present patient information in MDTMs. 
Positive qualities of the system and its interface include primarily the case-based 
presentation of patients and the overview of information it brings to the 
meeting. Suggestions on how it can be used along the chain of care to improve 
other work situations were also brought up in the evaluations. There should not, 
however, be too much individual interaction with technology available in 
decision conferences, as it might disturb the participants’ shared focus. 
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Summary of articles 

Article 1 
Kristina Groth, Oscar Frykholm, Ralf Segersvärd, Bengt Isaksson and Johan Permert 

Efficiency in treatment discussions: a field study of time related aspects in multi-

disciplinary team meetings 

In Proceedings of Computer-Based Medical Systems, 2009. CBMS 2009. 22nd IEEE International 

Symposium on, vol., no., pp.1-8, 2-5 Aug. 2009. 

Aims and background To present a first description of our main research 
context: the multidisciplinary decision conference. Given the importance of the 
meetings and the increased use of them, we decided to investigate time-related 
aspects that might influence the efficiency of the meetings. 

Method A large number of decision conferences were observed during a two-
year period, and interviews were conducted with medical specialists. Eight 
decision conferences were video-recorded, transcribed and analysed, by focusing 
on specific situations in the discussions that had implications on time and 
efficiency of the meetings. 

Findings and conclusions We identified two main obstacles in the meeting 
situation that influence the efficiency: indistinct discussions, and the lack of 
relevant competencies and information. We propose one part of a solution to 
the problem, which is structuring all the medical information presented during 
the meeting. Once the information has been structured, it will be possible to 
make a case-based presentation of each patient, and we call for the development 
of a medical planner journal. This alternative journal will provide tools for the 
physicians to interact with the information, for instance annotate, aggregate and 
add meta-data, in order to keep a more up-to-date and complete characterisation 
of each patient. Ultimately, we argue this would allow for finding similar 
patients, a need expressed by the physicians. 

My contribution was part of the analysis and writing. 
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Article 2 
Oscar Frykholm, Ann Lantz, Kristina Groth and Åke Walldius 

Medicine meets engineering in cooperative design of collaborative decision-supportive 

system  

In Proceedings of Computer-Based Medical Systems (CBMS), 2010 IEEE 23rd International 

Symposium on, vol., no., pp.116-121, 12-15 Oct. 2010. 

Aims and background Two years into the research project, we started to look 
at all the activities conducted within the project and the results we had achieved 
previously. Besides being on track with specifications and sketches of the 
system, we realised that the cooperative design activities had influenced the 
users and made them reflect upon their own work. 

Method Analysis of a number of conducted cooperative design activities (e.g., 
project meetings, observations and prototyping sessions). We specifically 
searched for situations in which the activities made the users reflect upon their 
own work processes. 

Findings and conclusions At this point, the progress of making an interactive 
tool for the decision conference had been straightforward. We had cooperatively 
made early sketches of the system and evaluated them together with the users. 
Feedback was more or less only positive and helped us to further develop the 
ideas. The impact the cooperative design methodology made on the users was, 
however, of greater interest. Based on close cooperation between designers and 
users, it had made the physicians reflect on: lack or loss of patient information 
in certain situations, how patient information can be improved, breakdowns in 
their work process, how they learn from each other, and the design 
methodology itself. We conclude with an insight that there must be tight 
coupling between designers and users, and that designers have the responsibility 
to guide and interpret the users in the cooperative activities. 

My contribution was the main part of the work, which included planning, data 
collection, analysis and writing. 
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Article 3 
Oscar Frykholm and Kristina Groth 

References to personal experiences and scientific evidence during medical multi-

disciplinary team meetings 

Behaviour and Information Technology, Special Issue on “Medical Team Meetings: Utilising 

Technology to Enhance Communication, Collaboration and Decision-Making”, 30, 4 (July 2011), 

455-466. 

Aims and background Relating to personal experiences and scientific evidence 
can help the discussion on a current patient. We set out to find out how often 
these kinds of references are made in decision conferences and learn why and 
how they support the medical specialists’ comments. We also wanted to see if 
we could formalise that type of information, with a future goal of matching and 
finding similar cases. 

Method 13 decision conferences were video-recorded, transcribed and 
analysed. Instances in which such references were made were later analysed in 
detail and discussed together with the specialists that had made those references. 

Findings and conclusions We learned that references to similar cases were 
usually based on quite specific details mentioned in the case discussions, such as 
the location of a tumour in combination with a specific comorbidity. That is, the 
radiological presentation and seeing the images made them remember similar 
cases. Also, specific details of symptoms or other treatments, in combination 
with the location of the tumour, made them remember similar cases. 
Furthermore, we present our work on structuring patient information that is 
relevant in decision conferences. The list is quite extensive, and is intended to be 
used in future prototypes as a basis for presenting patients, more or less as a 
well-organised database of patient information. 

My contribution was an equal part together with the second author, in 
planning, conducting field studies, collecting data, analysis and writing. 
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Article 4 
Alex Olwal, Oscar Frykholm, Kristina Groth and Jonas Moll 

Design and evaluation of interaction technology for medical team meetings 

In Proceedings of the 13th IFIP TC 13 international conference on Human-computer interaction 

- Volume Part I (INTERACT'11), Springer-Verlag, Berlin, Heidelberg, 505-522. 

Aims and background Based on previous work (primarily observations of pre-
operative conferences) we built three high-fidelity prototypes for collaborative 
interaction (pointing, navigation and annotation) with radiology images in 
MDTMs. The motivation was that interactive tools could improve the efficiency 
of the meetings, by allowing more precise referencing and discussions among 
the participants. 

Method In individual sessions with 12 medical specialists, the prototypes were 
tested in a simulated context of the pre-operative conference. Feedback on, for 
instance, the devices, interaction with images and potential use in other contexts 
of the chain of care was collected using questionnaires and interviews. 

Findings and conclusions Overall the feedback was positive, as the interactive 
tools demonstrated potential benefits to meeting situations as well as to other 
contexts. Specifically, the tools could improve communication among 
participants, support less experienced participants, and allow remote participants 
(who participate using video-conference) more inclusion. Pointing to images 
was the most appreciated functionality, while navigating, and to some extent 
annotating, the images was generally considered the radiologist’s responsibility. 
Several of the medical specialists were concerned about the risk of being 
distracted from the shared focus of the meeting, if given an individual device. 
On the other hand, they also believed that social protocols in the meetings 
would develop in order to avoid “navigation chaos” and loss of shared focus. 
Design recommendations for the development of such tools stress the 
perceived ease of using the tools (minimal learning time), minimal changes to 
current context, arbitrary number of participants with complete synchronisation 
across devices, and allowing the radiologist to delegate control. 

My contribution was being part of the planning, conducting most of the user 
studies, and a good portion of data analysis and writing. 
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Article 5 
Oscar Frykholm, Marcus Nilsson, Kristina Groth and Alexander Yngling 

Interaction design in a complex context: medical multi-disciplinary team meetings 

In Proceedings of the 7th Nordic Conference on Human-Computer Interaction: Making Sense 

Through Design, NordiCHI  ’12. ACM, New York, NY, USA, pp. 341–350. 

Aims and background After several observations, interviews and cooperative 
design activities, the first high-fidelity prototype of a collaborative system for 
presenting patient information was developed. The system aggregates data from 
several medical specialists (e.g., text from the EMR and radiology images) and 
makes a case-based presentation of each patient to be discussed at a decision 
conference. The tool was implemented on individual devices, but a large, shared 
display viewable by all participants was also used. This was the first evaluation 
of the system in a simulated decision conference using real patient data. 

Method The system was tested in a simulated decision conference with seven 
medical specialists, in which three real, but anonymous, patients were discussed. 
The session was video-recorded, and afterwards iteratively analysed in order to 
find out how the system affected collaboration among the participants. All 
interaction with the devices was also individually logged in the system. 

Findings and conclusions Feedback from the participants indicated that the 
system had both positive and negative impacts on the meeting and discussions. 
The case-based presentation of the patients was generally considered a great 
support for the discussions, and we conclude that more patient information can 
be presented efficiently. However, the possibility of individually interacting with 
the patient information was considered too distracting. Since the participants 
have different roles in the meeting and different tasks they must complete, the 
system should rather be designed to support each role more specifically. 
Therefore, interaction has more or less to be designed on an individual level. We 
conclude the article by discussing interaction design in such a complex context. 

My contribution was the main part of the work, which included planning, 
prototype design, analysis and writing. All authors were part of the planning, the 
second author mainly did the technical development, and the third author 
conducted the user study. 
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Chapter summary 

Five published articles, that show a straightforward progress in the cooperative 
design, form the basis of this thesis. We are confident that the idea of case-
based presentation adds valuable support to time-critical decision conferences 
(Article 1), and potentially the medical specialists’ work in general (Article 2-4). 
At the same time, we have noticed some of the difficulties of trying to add new, 
interactive technology to this complex context (Article 5). 
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A way forward 

On the one hand, medical staff are already working with high-technology 
systems and devices, for instance, in radiology imagery and surgical treatment, as 
well as monitoring systems that capture real-time data on patients. The 
electronic medical record (EMR has become the main hub of recording all 
information on patients, even though specific IT systems might be used in 
different medical specialties or clinics. This disparity has lead to a complex work 
situation, especially for highly specialised care, in which several sources of 
patient information need to be aggregated, a development that has escalated 
only in the last decades. 

On the other hand, interactive technology to manage all the information in the 
EMR has not developed at the same pace in health care, as for instance in other 
consumer oriented areas; information visualisation is in many cases still in a 
quite rudimentary form. Therefore, clinicians need a new set of tools to support 
their work, tools which better take into account how the work is actually con-
ducted and the information-dense situations they face daily. Introducing collab-
orative tools to manage patient information is a key to more effective health-
care, but it is a great challenge to design the tools in such complex contexts. 
Multidisciplinary team meetings much resembles the overall challenges in 
modern healthcare: time-critical situations with a large amount of information to 
consider, in which certain technology is a natural part of the work but with 
difficulties of applying other types of technology to help manage all information. 

This research points to a future way of working when designing for the 
healthcare area. The practical and collaborative design activities have proven an 
excellent means of getting a thorough understanding of the design space, that is, 
the work that the medical specialists conduct, what a new system should support 
and how it can be designed (Rønby Pedersen & Wolff, 2008). Over the years, a 
great deal about the medical design space has been learned, making it possible to 
describe a number of high-level dimensions. Based on experiences from 
working within the design space, it is discussed how an interaction designer 
could operate there. Finally, some more general recommendations on how IxD 
can be a useful tool for CSCW research in the future are made. 
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The design space of medical work 
In conclusion to this doctoral work, a few fundamental aspects of medical work 
have been identified that influence both what digital tools should support and 
how to develop them. These are the main dimensions of the design space, 
within which both researchers and practitioners of CSCW and IxD operate. 

Visualisation of patient information 

Especially in multidisciplinary situations, it is not enough to look at only specific 
pieces of information on a patient (e.g., on the affected organ); the medical 
specialists need to take the whole body and its history into account. This fact 
means aggregating patient information from several sources and presenting the 
most relevant information for that case. We have designed and evaluated the 
concept of case-based presentation and believe it could improve the way 
medical specialists look at a patient’s medical history and current condition. 

Interaction with patient information 

We have learned that it is not easy to standardise how clinicians should interact 
with information. Even in such a well-defined and structured situation as the 
MDTMs that we have looked at, the participants do want to interact with 
patient information in quite different ways–depending on their roles and tasks. 
This situation means that there is not one target user group (i.e., the participants 
in the MDTM), but also a number of sub-user groups within that rather small 
group. The common goal is to maintain a shared focus in the meeting, but the 
participants should be able to interact in different ways (i.e., using different 
kinds of devices and interfaces). 

Multidisciplinary decision-making 

Patients that undergo treatment for an extended period of time will meet several 
clinicians along the way, and therefore the clinicians will need to work together 
during that time. This fact means that they rely on what has been recorded in 
the EMR and must keep that information up to date with new information that 
they add. As Morrison et al. (2008) report, the EMR is not only used for 
individual access on personal computers, it should include situations in which a 
team is working together with the same patient information (Morrison, Jones, 
Blackwell, & Vuylsteke, 2008). 
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At specific points of care, such as MDTMs, all relevant patient information 
must be readily available in order to support the collaborative decision-making. 
We know that the meetings are time-critical (Groth et al., 2009), and that new 
knowledge is produced in such meetings (Kane & Luz, 2009b), and therefore it 
is essential to effectively access relevant patient information. The participants 
should be given support to present their specific pieces of information as well as 
means to collaboratively discuss the whole body of information. 

Specific and holistic 

The prototype has primarily been designed for a specific situation (the decision 
conference) but we have always tried to maintain a holistic stance by relating it 
to the overall process (the chain of care). In this way, we have had an under-
standing of both what precedes and follows the meetings. Designing and testing 
for a specific situation is a more straightforward way to actually achieve 
something, compared to trying to incorporate all kinds of situations, but there is 
more to medical work than isolated situations. 

In particular, the distributed and dynamic nature of medical work 
makes it ever more important to investigate the information flow and 
supporting technologies over periods of extended use as behaviours 
often change over time. (Tang, Carpendale, & Scott, 2010, p. 479) 

By focusing on a specific context, we learned that we have only scratched the 
surface. There are several situations in the medical specialists’ work that would 
be served by better access to patient information, as explicitly stated by them in 
the design activities and evaluations. Scale this up to hospital level (including all 
clinics and wards), and one can imagine the multiple ways clinicians want to 
interact with patient information. 

One should be careful about trying to design the ultimate system, and rather see 
it as a perpetual beta that will continuously be improved in an iterative manner. 
Work processes are constantly being improved, and technology should be there 
to both support and inspire that. As much as possible, a designer should strive 
to get a broader understanding of the work the users conduct in order to expand 
the knowledge of the design space and be able to make more informed 
solutions. As stated by Randell, Wilson, and Woodward (2011): 

We consider that multi-site workplace studies provide a means 
through which we can give designers tools that enable them to 
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anticipate what the needs of a particular setting might be, by 
highlighting features of a setting that impact the collaborative process 
of interest. (p. 56) 

Vague as well as parallel goals 

In many cases, especially when there is no current tool or system to compare 
with, it is difficult to state exactly how and what work processes to support 
(Borälv, 2005). The main task of designing a digital tool is to get to the core of 
user needs. That is, users have initial needs, but in the progress of sketching and 
testing a solution, user needs are reformulated. In cooperation with the 
designers, new features can be created to support an even more enhanced 
situation. It is a matter of both recognising good ideas as well as “killing your 
darlings” (those that seemed promising but are discarded when put to test). 

Those ideas that do offer viable solutions will be the ones that can be worked 
out in more detail. Rather than specifying a long list of requirements that a 
future system needs to support, designers and users have in the end 
collaboratively dug into the practical aspects of the users’ work, found the core 
problems that should be solved, and actually produced hands-on suggestions 
about tools that can solve them. The designer should furthermore not only 
listen to the users and straight off develop their ideas, but also put them in a 
bigger picture (vis-à-vis e.g., other work processes and technical possibilities) 
and turn the ideas into sustainable solutions. 

In the design of the Clinical Journal, which in time was spread out over about 
two years, we encountered the whole span of keeping and discarding design 
solutions. The final result has very little resemblance to the very first sketches. 
Some early ideas have been kept all along with only minor refinements. Other 
ideas, which might have been given quite a lot of attention and detail, had to be 
discarded after receiving feedback from the users. That is, a design solution 
might seem perfect on paper, or even in late interactive prototypes, but is not 
appreciated when put in practice and context. 

An interaction designer should seek to engage with nearly all stakeholders in a 
project (e.g., users, ethnographers, technical developers, managers), and use that 
central position early in a project to communicate and mediate with them. The 
sketches and prototypes that bring life to unspoken ideas are excellent means of 
communication when discussing with all the stakeholders and will help the 
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different stakeholders to keep a shared understanding of what the future tool 
should support and how it will be used. 

Not only can the sketches be used to work out the details of the system, as 
when discussing with the users. They can also be used in more high-level 
discussions with managers. When presenting and discussing the Clinical Journal 
prototype with one of the top managers at the hospital, it inspired the manager 
to think of the system in a much wider scenario and how it can be used to 
visualise parallel treatment processes in the chain of care (thereby making 
overall work more efficient). 

Patient participation 

Although not in focus in this research, nonetheless the medical specialists often 
expressed a desire to involve the patients more hands-on, for instance by 
making them fill out standard forms online and even being more “present” in 
the MDTMs. The proposed feature of including a video of the patient climbing 
the stairs is an attempt to make the patient more present. It was an early design 
idea from the medical specialists and has been kept throughout the project. 

As one of the main conclusions in the literature review on CSCW research in 
healthcare, Fitzpatrick & Ellingsen (2012) mention “… the need to remember 
the person as the ‘patient’ at the centre of all this work …”, as “… patients were 
largely invisible apart from being the object of the information and coordination 
efforts” in the studies reviewed (Chapter 6. Conclusion). It was also recognised 
in the government report on patient-centred health care, among other things, 
that Swedish health care needs to take a more holistic approach to patient care, 
and one of the recommendations is to “Establish patients as full partners with 
their providers with a role in health and care decisions” and to “engage and 
involve patients” (Docteur & Coulter, 2012, p. 9). 

Restrictions 

The handling of patient information is subject to extensive rules and regulations, 
in order to maintain patient privacy and safety. This is obviously positive for the 
individual patient, but it makes it hard to use real patient information when 
designing and testing digital tools. In the project, we have had the good fortune 
of easy access to both users and patient information (working under ethical 
guidelines and maintaining anonymity). In this way, we have been able to make 
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several design iterations and conduct proper evaluations. But otherwise, as of 
today, there are no immediate test environments in which such tools can be 
tested. 

Empower innovation from within 
The best ideas on improvement of work processes often come from within the 
organisation, but in the case of healthcare and digital tools, clinicians with 
innovative ideas need multidisciplinary collaboration in order to realise them. 
Many of the ideas for the Clinical Journal have come directly from the users but 
were worked out in collaboration with the HCI researchers and, of course, 
realised in the prototype by the researchers. Even though the clinicians have 
extremely busy schedules and work long days (and nights), they have been very 
interested in this project and actively participated. Something that is also recog-
nised by Martikainen, Viitanen, Korpela, & Lääveri (2012), is that physicians are 
generally very willing to participate in the development of new IT systems. 

A straightforward solution to develop the ideas is to actively involve both users 
(Berg, Langenberg, Berg, & Kwakkernaat, 1998; Borälv, 2005; Rønby Pedersen 
& Wolff, 2008) and technical developers and, at the same time, make 
intermediate interpretations between user needs and technical solutions (Niès & 
Pelayo, 2010). Bång, Larsson, Berglund, and Eriksson (2005) have suggested a 
further step in supporting innovation from within, as they have explored “a new 
paradigm for the development of user interfaces” in clinical settings by “… 
empower[ing] clinicians to develop their own user interfaces to clinical 
information systems to suit the actual needs at their workplaces” (p. 550). It is 
an interesting approach to allow clinicians to create the tools, and could certainly 
work for delimited or smaller tasks, but other more complex tasks need more 
design and development resources. 

Still, clinicians should be encouraged to formulate solutions to problems or 
obstacles in their work, as this is where the ingenuity comes from. The 
interaction designer can help them make something useful out of it and put it in 
the bigger picture. That is, solutions to specific problems can most likely be 
refined and applied to other areas as well. 

In this research, a traditional cooperative design process was used. Several paper 
sketches were produced together with the users and they were evaluated in a 
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number of interviews. This approach worked very well initially and resulted in a 
well-grounded design solution. But some very interesting comments on the 
system surfaced after the rather great effort of producing a high-fidelity 
prototype and testing it in a simulated MDTM. In retrospect, it would have 
been valuable to test the system in such a realistic setting earlier in the project. 
We did not, however, find a way to do that until we could actually access real 
patient data and feed it into the high-fidelity prototype. 

Randell, Wilson and Fitzpatrick (2010) recognise the dilemma: “Nonetheless 
there is a challenge to find some way to evaluate early design solutions, in as 
authentic a setting as possible, to help ensure the best technology to deliver the 
optimal clinical support” (p. 409). On the same line of reasoning, Rønby 
Pedersen and Wolff (2008) claim “paper prototypes are not enough” and that: 

Often the real success or failure of technology comes from the 
minute details of the interaction between user and technology, as well 
as the fit of technology enhanced work processes in a larger work 
environment. This type of learning by doing requires use ‘in the wild’. 
(p. 47) 

Tentori, Hayes and Reddy (2011) describe the difficulties of evaluating pervasive 
technologies in healthcare (such as making integration with existing systems and 
the complexity of roles and activities). The authors report on the need to 
understand both the current and future technologies, and that commonly used 
research methods are ethnographic as well as rapid prototyping and in situ 
deployments (Tentori et al., 2011). 

A dream scenario would be an environment within the hospital organisation in 
which new, innovative ideas that originate from clinicians and their work can be 
concretised together with, among others, interaction designers. Using data from 
the EMR (or similar test data), the ideas can be explored in simulated, or even 
real, work situations. In this way, not only are the tools refined, but they will 
also be quality tested in as real situations as possible before actually being 
implemented in patient care. Clinicians and designers will then also be given a 
chance to make long-term commitments and collaborate over a longer period of 
time. This cooperation is something that was quite important in the research 
project: that we were able to schedule larger activities a few months in advance 
in order to find slots in the clinicians’ busy schedules. 
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Implications for implementation 
As a working high-fidelity prototype of a system that could improve work at 
Gastro has been produced, the obvious next step would be to actually develop it 
and introduce it into the organisation. It has not been a part of this doctoral 
work, but the research project did touch upon that area in a methodological 
approach of involving stakeholders on several levels including management. 
Given the large and complex organisation of healthcare, it proved a challenge: 

A diverse set of stakeholders and the challenge to apply novel 
technologies in a demanding environment have placed more 
responsibility on the Human Computer Interaction (HCI) team to 
conceptualise new work practices and their expected effects than 
what traditional participatory design projects typically entail. 
(Walldius & Lantz, 2011, p. 1) 

Using design pattern maps, the researchers found a way to engage stakeholders 
in different instances of the organisation “to conceptualise solutions that span 
both work and interface aspects” (Walldius & Lantz, 2011). 

Fitzpatrick and Ellingsen (2012) point to the fact that CSCW researchers “… 
have been very good at describing the current situation in the healthcare setting 
from a work practice perspective …” (Chapter 5.2.), but not in the involvement 
of change processes or procurement of large-scale ICT systems. In their 
conclusions, the authors believe that CSCW should “take more of an action 
research approach”, and  

… consider more proactive ways to bring findings back to the people 
involved, to engage their collaborative sensemaking and creativity for 
how they can best re-design their own practices to work with these 
inevitable systems (Berg 1999) and to give them their own voice in 
discussions with management and vendors. (Fitzpatrick & Ellingsen, 
2012, Chapter 5.4.) 

These are high-level challenges that design research must be aware of, as they 
certainly affect the way research results are evaluated by and can be handed over 
to practitioners. 
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Implications for CSCW and IxD 
As mentioned earlier (see chapter ‘CSCW and IxD, a brief background’, on page 
8) the research area of CSCW has its roots in both social science (conducting 
field studies to learn about users and context) and technology (developing 
technical tools that support cooperative work). Lately, however, there has been 
some discussion in the CSCW community on the partition between the two 
areas and what should be done to re-state the joint research approach 
(Fitzpatrick & Ellingsen, 2012; Schmidt, 2012). It might be the case that both 
areas have become so specialised and grown to large communities themselves 
that the links between them start to attenuate. The objects of these areas are also 
so fundamentally different (studying humans versus technology) that the 
researchers might have a hard time to compare and discuss results. 

In our research, we have tried to position ourselves in between these two areas, 
but with a natural gravitation towards technology, as that is our main research 
area. We have learned that the role of the interaction designer has the skills, 
knowledge and practical set of work tools to bridge the gap and help inform 
both sides by concretising ideas and communicating with different stakeholders. 
Obviously, interaction design cannot accomplish this alone but will need the 
multidisciplinary work together with other professions, such as social 
psychology and computer science. 

Zimmerman, Forlizzi and Evenson (2007) have suggested a model (see Figure 
19) where “… interaction design researchers integrate the true knowledge (the 
models and theories from the behavioral scientist) with the how knowledge (the 
technical opportunities demonstrated by engineers).” (p. 497). 

Retrospectively applying the model to the work we conducted in the research 
project, we did position ourselves in the central role of “Interaction Designers” 
in the left part of “HCI Research Community”. Our results include a research 
artefact, that is, the Clinical Journal, which has been demonstrated to various 
practitioners in an attempt to make a connection between research and industry. 
In this way, we have intended to design “the right thing”, which can be picked 
up by the industry to make a commercially viable solution. 
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Figure 19: “An illustration of the pathways and deliverables between and among 
Interaction Design Researchers and other HCI Researchers. The model emphasizes the 
production of artifacts as vehicles for embodying what “ought to be” and that influence 
both the research and practice communities.” (Zimmerman et al., 2007, p. 498) 

What is missing in this model, however, is the “Interaction Designer” as a 
mediator or interpreter between the research and practice communities. The 
artefact itself carries a lot of “design knowledge” (solutions to user needs), but it 
is doubtful that it can bridge the gap alone. A great deal of knowledge has been 
produced in the design process that can only be explained by that central 
position, that is, those who created the artefact (in our case interaction 
designers). 

In conclusion of this research project and doctoral work, it would be easy to 
point to several improvements of the design process; we could certainly have 
done more and in a better way. But obviously that is part of the learning 
process; one first has to make an effort at learning about the context and users 
before being able to come up with solutions. In the case of the Clinical Journal, 
it would be difficult to straight off hand it over to the industry and ask for a real 
application. We have designed a collaborative tool for a specific situation, but, in 
order for it to be generally accepted, it would probably need to cover a broader 
scope of work processes, and the knowledge on how to proceed with that work 
resides within the researchers. 
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Chapter summary 

In the research project it has been made clear that clinicians desire new, digital 
tools to be able to more effectively visualise and interact with all patient 
information they encounter daily. There are some dimensions that make the 
interaction design of such tools a challenge, such as collaboration and decision-
making across disciplines, work processes that span considerable time periods, 
and restrictions on accessing patient data. The tools and skills an interaction 
designer possesses can on the other hand be of valuable support in the process 
of learning about what work processes to support, how to conceptualise them, 
and even how to mediate the ideas to stakeholders high and low in the 
organisation. Perhaps especially in a multi-dimensional context such as 
healthcare, an interaction designer can team up with clinicians to actually make 
specific tools that would be of value in their work. The IxD tools and skills can 
also bring support to the CSCW research community, by offering a mutual 
connection and means of communication between field workers (who study the 
context) and computer scientists (who create the digital tools).  
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