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Abstract 
 

With the development of information technology, Electronic Patient Record (EPR) 
is becoming more and more common in the healthcare area, comparing to 
traditional paper-based patient record. EPR can include a wide range of data and 
information. Because of the complexity of the clinical data, EPR needs to be 
presented in a better way using visualization for physicians to actually benefit 
from it.  
 
The goal of this master thesis is to find out what the requirements are for 
visualization of electronic patient records and how it should look like. Propose 
visualization paper-prototypes for patient record based on the identified 
requirements. The result of this thesis will help companies that are developing 
EPR systems to understand what is needed in visualization of electronic patient 
records. It will help research groups and companies in this area capture what the 
physicians require regarding visualization of patient records.  
 
This master thesis is conducted with an exploratory approach. A qualitative 
approach was chosen to help us understand what was needed for visualization of 
EPR from the perspectives of healthcare personnel. 
 
Data was be collected through interviews and brainstorming sessions among four 
physicians. Two prototypes of visualizing patient records are proposed based on 
the obtained requirements: Prototype I diagnosis-based time line and Prototype II 
human body structure. Evaluation was be performed for those two proposed 
prototypes together with an existing research prototype “Lifelines” 
 
From the findings of this master thesis, we can notice that different physicians   
have different requirements and preferences on visualization of electronic patient 
record. The most critical and desired feature is to be able to individualize the 
system as well as the addition of a search engine to search the record. A 
combination of the proposed Prototype I diagnosis-based time line and Prototype 
II human body structure was the most preferred among the physicians.   
 
 
 
Keywords: electronic patient record, visualization, paper-prototype 
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Chapter 1 Introduction 

1.1 Background 
Electronic Patient Record (EPR), also called Electronic Health Record (EHR), is 
the electronic form of health information which is systematically collected for a 
specific patient or the whole population (Gunter and Terry, 2005). Nowadays in 
the Electronic Patient Record systems, the principle is to have one record for one 
patient, which contains the whole medical history of this specific patient. 
 
In recent years from 1971 and forward, Electronic Patient Record (EPR) systems 
have been developed and started to become popular being used in practice. By 
computerizing the health information and store them electronically, the clinical 
process can be speeded up and the errors can be reduced (House of Common 
Health Committee, 2006-07). It is of great help for physicians for diagnosis, 
decision making and follow up of treatment. 
 
Electronic patient record (EPR) can include a wide range of data and information, 
including medications prescribed and administered, immunization history, 
laboratory test results, allergies, radiology images, treatment plans and care notes 
(Roque, et al., 2010). Because of the complexity of the clinical data, it is time 
consuming and tedious for healthcare personnel to actually find the demanded 
patient information from the patient record system. Along with this, the need of 
visualization of Electronic Patient Record System comes out. We believe that the 
Electronic Patient Record needs to be presented in a better way using visualization 
to be able to actually benefit from the Electronic Patient Record System.  
 
There are a few research visualization systems for presenting patient records in an 
Electronic Patient Record System, e.g. Lifelines (Plaisant, et al., 1998), Timeline 
(Bui, et al., 2007). 

1.2 Problem Statement 
The problem is that requirements for visualization of patient records in an 
electronic patient record system are difficult to identify. This results in that we do 
not really know how the visualization system should look like. 

1.3 Goal 
Find out what the requirements are for visualization of electronic patient records 
and how it should look like. Propose visualization paper-prototypes for patient 
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record based on the identified requirements. 

1.4 Purpose 
The result of this thesis will help companies that are developing EPR systems to 
understand what is needed in visualization of electronic patient records. It will 
help research groups and companies in this area capture what the physicians want 
regarding visualization of patient records. They can benefit from this master thesis 
by further developing the prototypes and improve the visualization of electronic 
patient records. 

1.5 Method Description 
The research will be conducted with an exploratory approach. The first step will 
be literature study for background and theoretical research. After that there will be 
data collection phase which includes interviews and brainstorming sessions with 
people in related area. When the requirements analysis is ready, propose 
prototypes of visualizing patient records based on the obtained requirements. 
Perform evaluation with different user case scenarios with the proposed 
prototypes and collect reflections on them. 
 

1.6 Limitations 
One of the limitations of this master thesis is that we focused only on physician’s 
need when it comes to visualization of Electronic Patient Record. Another 
limitation is that we have had only a small group of physicians participated in the 
interviews and evaluation in this master thesis. In total three persons were 
involved in the interview and brainstorming sessions and four persons in 
evaluation. 
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Chapter 2 Related Research 

2.1 Traditional paper-based patient record 
During the history of medical documentation it has been a long time that all the 
patient records in clinic organizations were paper-based. Everything was written 
and kept on paper before computer technology became popular, developed and 
widely spread. There have been many well-known problems with the traditional 
paper-based patient record documentation. Paper-based patient record can only be 
stored at one place and can only be accessed by one person at a time at the 
specific location. They are often incomplete and sometimes difficult for other 
people to read because of the hand-writing and unfamiliar contexts. They are not 
well-organized and difficult to search information from. They are also difficult to 
archive and maintain. A lot of storage space and personnel are needed to take care 
of the paper-based patient record. From safety perspective, they are easy to lose 
and difficult to keep control of access as well. 
 
In the recent few decades, the rapid development in information technology (IT) 
makes it possible to provide solutions to these problems. The patient record is the 
most important information center for the whole healthcare system. In recent years, 
research and practical practice has been performed in the area of using IT to 
implement electronic patient record system. 

2.2 Electronic patient record 
There have been many discussions and research carried out in the area of IT use in 
healthcare. The review written by Kanup, et al. (2007) states that in order to make 
advantage of the comprehensive electronic patient record data and systems, and to 
move from the traditional paper-based patient record, a lot of changes are needed, 
including media, healthcare personnel’s attitude, and clinical process. The 
advantages of electronic patient record compared with the traditional paper-based 
patient record are getting more and more attention of researchers and experts in 
this area. 
 
The advantages of EPR over paper-based patient record include among others 
better understanding, higher recall ratios, greater efficiency, quality and accuracy 
in patient care, multi-user simultaneous access, rapid search and access of patient 
information, easier to maintain, reduced need for filing and copying. 

2.3 Information Visualization 
There are many definitions of Information Visualization (IV) but generally it is 
referred as a way of transforming data and information into a visualized form so it 
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is easier for human to understand (Gershon, et al., 1998). The purpose is to use the 
visual way of presenting and displaying data to help gain better understanding by 
reducing the complexity of the data. There are also many details and connections 
between the data which are difficult to notice without information visualization. 
Information visualization technologies are suitable in supporting user interaction 
with large data sets.  
 
Different research groups have tried to categorize or divide different kinds of 
Information Visualization technologies into groups. The most cited and influential 
proposal is from Shneiderman(1996), where Information Visualization (IV) 
approaches are divided into different groups in two different ways as below, 
regarding task and regarding data type. 
 
When it is regarding the task dimension (Shneiderman, 1996), Information 
Visualization techniques are divided into seven groups: Overview, Zoom, Filter, 
Details-on-demand, Related, History and Extract. Most of them are very 
straightforward for what they stand for. Overview is when the user wants to get an 
overview of the whole data set. Zoom is to zoom-in at specific interesting area and 
zoom-out as well when needed. Filter is when the user wants to filter or remove 
some items that are not within interest or not related. Details-on-demand means to 
select one or more items of interest and get more details on them. Related is when 
the user performs a task with the purpose of trying to find the relationships 
between different data. History means that the user would like to keep a history of 
what has been done to the item. Extract is similar to Filter, but instead of filtering 
away items that are not within interest, extract allows the user to define some 
parameters and extract a sub collection of data according to those parameters. 
 
When it is regarding the data type dimension (Shneiderman, 1996), Information 
Visualization techniques are also divided into seven groups: 1D, 2D, 3D, 
Temporal, Multi-dimensional, Tree and Network.  
 
1D is linear data which has clear sequence and is organized in that way, such as 
textual documents. 2D is data with two dimensions which covers a total area, such 
as maps. 3D is three dimension-data which has complex relations with each other, 
such as human body. Temporal regards to the data which has a clear start time and 
finish time. Multi-dimensional means the data has many dimensions, such as 
databases. Tree is a structure of data where every item belongs to one and only 
one parent item, except for the root item. Network means that items are connected 
to each other in a very complicated way as in a network, such as 
telecommunication networks. 
 
This division of different groups helps in some aspect when deciding which type 
of information visualization technique to use even though it is not very strict. 
Medical data such as electronic patient record has its own special characteristic 
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and therefore some certain IV technique approach is more suitable than others. 

2.4 Information Visualization’s application to medical 
The electronic data in healthcare organizations are of huge amount and complexity. 
Since the computer performance and storage has been developing quickly and 
constantly, the clinic data has become more complex than any time earlier. 
 
Unfortunately, the amount of data that a user can handle at a time is very limited. 
With the growing of the quantity of the data, the user finds it more and more 
difficult to process and digest the information. This results in that healthcare 
personnel such as physicians and nurses not being able to actually make full use of 
the huge amounts of all the electronic patient record data. Oppositely, they may 
feel frustration when facing enormous complex clinic data. Therefore it is very 
important that an effective presentation and overview of the patient record is 
provided. Information Visualization can be of great importance in the area of 
medical applications. Visualized presentation of the patient record data is essential 
for the healthcare personnel, especially for decision making. 
 
According to the seven data types presented in the previous section, the electronic 
patient record data is closest to the temporal data type. For temporal clinic data, 
visualization techniques that gives focus to the time dimension seems to give 
better results. This is so called time-oriented solutions. 
 
Temporal visualization methods have been the primary visualization type studied 
for aiding humans in organizing and exploring patters in abstracted EPR content. 
Most of the systems display some type of timeline with time running from the left 
part of the screen to the right, time along the horizontal axis, and categories of 
events along the vertical axis.  

2.5 Current text-based Electronic Patient Record system 
One of the most commonly used EPR system today in Stockholm is the 
“TakeCare” system. Most of the clinics and hospitals that belong to the Stockholm 
municipality are using this system. Here a snapshot of the “TakeCare” system 
(Figure 1) is shown to give an idea of how the current EPR systems look like. As 
it shows in the figure, it is completely text-based and no visualization has been 
done for this system. This leads to that the physicians need to click around in the 
whole text-based system to find the information they want. It shows also it 
becomes very difficult to present the EPR in a good way in a text-based system, 
when the EPR data becomes more and more complicated. 
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Figure 1 TakeCare system (TakeCare sales document) 

 

2.6 Existing research EPR visualization system/solutions 
There are several systems proposed by different research groups in the area of 
visualizing electronic patient record.  
 
Lifelines (Plaisant, et al., 1998) is a system which visualizes patient’s medical 
histories. In Lifelines the whole medical histories of the specific patient including 
different events are presented as an overview. In this overview, there are different 
categories of events, for example, diagnosis, drugs, laboratory tests, consultations, 
etc. There is zoom-in and zoom-out function so the user can zoom-in to a specific 
time period if needed. The time scale on the horizontal axis can be expanded or 
compressed with zoom-in or zoom-out. The user can choose a specific item that is 
interesting and get more details on it, such as laboratory tests.  

 
Timeline(Bui, et al., 2007) is a problem-centric temporal visualization of patient 
records. The contents of the EPR are integrated, reorganized and displayed within 
the user interface along a timeline. 
 
The KNAVE(Shahar and Cheng, 2000) system is special in providing knowledge-
based visualization. The time-oriented information can be presented at different 
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abstraction levels to the users. It is possible to change the level of granularity as 
well.  
 
AsbruView (Kosara and Miksch, 2001) is a system based on timeline visualization 
as well, but except for that it adds a third dimension to present a 3D visualization. 
Except for the two common dimensions as the other systems have, the third 
dimension can contain further information about the visualized element, for 
example if the treatment plan is completed or cancelled. 
 
There are some more which are not listed here but they share the same idea and 
concept. Most of these existing systems are developed by research people alone 
with very little cooperation with real end users, which are physicians, nurses and 
other personnel in healthcare organizations. They have not identified what 
functionality is needed by the real users in the area of visualization. 
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Chapter 3 Method 
 

In this research the exploratory research is conducted in theoretical level. 
Exploratory research is commonly used to clarify ambiguous problems (MBA 
Knowledge Base, 2011). It is a widely used approach when the purpose of the 
research is trying to understand a problem or phenomenon. In this master thesis a 
qualitative approach is chosen to help us understand what is needed for 
visualization and presentation of electronic patient record from the perspectives of 
healthcare personnel. Qualitative research methods help researchers mostly in the 
situation when they need to understand people, what people do and why they do it 
(Myers, 2009). Qualitative data are collected as a record of what people thought 
about the specific topic/phenomenon (Myers, 2009). Qualitative research is 
suitable when the particular topic is new and not so much previous research has 
been performed for it (Myers, 2009). 
 
Literature study is a part of the theoretical methodology and is used for 
background research. This master thesis focuses on the area of visualization of 
electronic patient record. The information is mainly accessed from academic 
papers and previous research. By searching through Internet, especially academic 
sites by using key word like “visualization patient record”, “information 
visualization”, “visualization medical”, etc., a literature study will be performed 
based on the obtained papers. 
 
For practical qualitative methods, we will use interviews and brainstorming 
methods to obtain the user’s idea of what is needed, what type of functionality 
they would like to have in an electronic patient record system specifically in the 
domain of visualization and presentation of the individual patient records. 
Interviews are suitable to use to gain personal and subjective perspectives. 
Brainstorming is a great way to stimulate and obtain people’s idea of different 
issues, especially in the area of what is needed for specific systems. Interviews 
and brainstorming will be performed with different physicians.  

3.1 Interviews and brainstorming 

3.1.1 Interviews 

As described before, for this master thesis a qualitative approach is chosen. In-
depth interviews are one of the most common qualitative methods according to 
Mack et al (2005). 
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The purpose of conducting interview is to discuss the usage of Electronic Patient 
Record system, at the same time, seek after the potential requirements in 
visualization, which can facilitate efficient usage of EPR system. 
 
Since not so many people have the actual experience of using the visualization 
presentation of electronic patient record, the interviews will not be a fixed set of 
questions but instead only broad questions should be prepared. The interview 
should be based on one or two start questions and then trigger more spontaneous 
discussion. This is a semi-structured interview. In this way the data collection 
phase is performed within the research problem area, but in the form of the 
interviewee’s own words and thoughts are collected (Fox, 2006). New and 
detailed questions and discussions probably will appear during the interview.  

3.1.2 Brainstorming 

Osborn as cited in Clark (2010), was the person who made brainstorming well-
known and popular as a method in his book “Applied Imagination” in 1953 and 
Osborn also stated that by using brainstorming, the creative results of the group 
could be doubled. 
 
Brainstorming is a popular and open-minded discussion form. It is widely used in 
the beginning of research or developing process. The idea of brainstorming is to 
generate different ideas and opinions about a specific issue, or to be more correct, 
generate as many as possible. It is a way to encourage people to speak out and use 
their imaginations and creativity. By asking people to do brainstorming, more 
creative ideas or solutions can usually be achieved. People tend to be more 
stimulated and able to think outside of the box while performing brainstorming.  
 
The brainstorming session is usually an informal but also interesting session. The 
team focuses on a specific issue and the participants just speak out what they think 
about the issue immediately, or write on paper-notes. The purpose of 
brainstorming is to come up with as many ideas or solutions as possible. It is 
important that not to set up too strict pre-conditions since it will limit the 
participants´ creativity. It does not need to follow strict steps. Spontaneous 
discussions can be helpful in the brainstorming since participants may become 
inspired by other people’s ideas or words. Through discussions and 
communication with other participants, one can immediately refine or explain or 
further developing his own ideas. 
 
Brainstorming does not necessarily mean that it has to be a group of persons. It 
can be performed individually or just in small group of two or three persons as 
well. In this situation, sometimes even more ideas are produced since individuals 
dare to express what they think freely since there is less risk to be criticized. In 
this way a wider range of creative opinions or solutions can be obtained (Clark, 
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2010). They have more time allocated to themselves, to really have in-depth 
thoughts about the issue and come up with some ideas which would not appear in 
a big group brainstorming.  
 
In this master thesis a mixed type of session with both interviews and 
brainstorming will be carried out. One of the reasons is that the opportunity with 
meeting the interviewees are very limited so the time should be better used. By 
combing interview and brainstorming, it is also a good way to get the opinions of 
the participants who have not so much experience in the area of visualization of 
electronic patient record.  

3.2 Paper prototyping 
Paper prototyping is a method mainly used to design, test and improve user 
interfaces. Snyder (2003) considered paper prototyping as one type of usability 
test of the user interface. A paper-based prototype design is presented to the 
potential end users, and they are asked to perform their realistic daily tasks by 
using the paper-based version of the design. 
 
Snyder (2003) explains in details how it works. The first step is to come up with 
some scenarios or tasks that you would like the users to perform. Having that on 
mind, the next step is to make paper-based prototype, whether it is simple drawing 
on paper, or printed-out screenshots. The real session begins when you present the 
paper-based prototype design to the potential end users and inform them what task 
they are required to perform. Users will try to think how they perform the tasks by 
using this prototype design. In this process the users will feel in real if the 
interface or solution works for them and have a direct opinion about the design. 
 
The reason that we chose to use paper-based prototyping is that it is suitable to 
visualize the ideas in a very early stage. It does not need very much time and 
computer coding competence. It is the easiest and most efficient method 
(Holzinger, 2004).  
 
Paper-based prototypes make the user feel more comfortable to express what their 
real opinions are. On the other hand, more advanced working coded prototypes 
will lead to the users think they are doing something wrong or do not understand 
the prototype when the prototype is not working well. The paper-based prototypes 
are so obvious that it is in an early stage and changeable, which encourage the 
users to criticize or come up with improvement suggestions (Holzinger, 2004). 
 
Developing a working computerized prototypes will take much time and requires 
programming. Since the prototyping is only one step of the whole process in this 
master thesis, we decided to use the quick paper-prototyping technique to save 
time and be able to continue with the next step evaluation. 
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In this master thesis the paper prototyping will be applied to design the visualized 
overview of patient record. Drawings of how the system should look like 
preliminary will be done on paper and then shown to potential end users – 
physicians. In this way it is easier to collect their opinions of what the 
requirements are for this type of visualization, how it should look like and whether 
this visualized overview of patient record helps them in daily-task or not. 

3.3 Scenario-based experiments 
The idea is to construct a few scenarios and let the end users to perform practical 
tasks which are needed in these scenarios by using the paper prototype. In this 
way we can collect different reactions and opinions about the prototype design. 
This can be an iterative process so that some improvements can be done to the 
prototype. Respondents may use the visualization prototype to perform tasks in 
different situation, for example, first time reading, problem-solving, etc. 
 
One of the earliest works that has been done in the area of requirements 
engineering is Hooper and Hsia (1982). They stated that “Prototyping is a ‘quick 
and dirty construction of a system (or part of a system)”. By using scenarios, there 
is no need for presenting a complete model for the system to capture system. 
Instead, by stating the events occurred in a specific scenario, it is much easier for 
the end user to know their actual needs since this is representing their realistic 
daily task (Go & Carroll, 2004). 
 
Scenario-based experiments have been used in a similar way in human-computer 
interaction area as well. By using the scenarios to describe how the system works, 
the users will try to stimulate the interactive process with the system in these 
scenarios, which will help the design and improvement in the interactive interface. 

3.4 Evaluation 
Evaluation of proposed prototypes which are not actual working products is not so 
easy. In this thesis, through the scenario-based experiments and observations made 
at the same time, evaluation can be achieved as well. By showing the paper 
prototype to people in the healthcare field who are actually the future users and 
getting feedbacks from them, it will be easier to know about the advantages and 
disadvantages of the current design, as well as suggestions for future improvement. 
In this process of evaluating the proposed prototypes, a few potential end-users 
are chosen for this purpose. This step is done at the same time with scenario-based 
experiments with paper prototyping.  
 
The respondents in the scenarios-based experiments will be asked to compare the 
proposed prototypes with the “Lifelines demo” which is an existing research 
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prototype. They will be asked about what is their preference and the reason for 
that.  

3.5 Alternative methods considered 
The alternative to explorative research is constructive research approach. It is 
commonly used in software engineering and other areas when a specific problem 
is clearly defined. Most of the time the goal is to build some type of artifact that 
can solve the specific problem or help contribute to it (Ryabov, 2010). This 
approach will be more suitable if the problem and target is very straightforward 
and clear. For our research this area is still quite new and identifying requirements 
is more of a comprehensive problem instead of an artifact to be developed.  
 
The alternative practical methods are among others experience survey and 
observation. They are not appropriate for this thesis since both of them require a 
long period to execute. Another reason is that hospitals and physicians are 
normally very busy which makes them difficult to get hold of. 
 
The alternative evaluation method is implementation. It means to actually develop 
a working product according to the proposed prototype. After that, the working 
product can be tested against some criteria. It is a widely used evaluation method 
for many researchers. It is not adopted in this master thesis since constructing a 
working visualized overview of an electronic patient record system is time and 
resource consuming. It requires much more time than how long the thesis can 
cover. Another reason is that since this is just a preliminary step of proposing a 
possible solution, more theoretical analysis such as feasibility should be 
performed before actually starting to develop the final product. That is why we 
leave the implementation as future work. 
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Chapter 4 Result 
In this Chapter results of this master thesis are presented. Results from interview 
and brainstorming sessions are presented in 4.1. Two proposed prototypes, 
Prototype I diagnosis-based time line and Prototype II human body structure, are 
presented in 4.2 
 

4.1 Interview and brainstorming 
Three interview and brainstorming are combined and have been performed 
together under the same session. The interviewees are three individuals. 
Interviewee A and B have worked as physicians and now active in academic 
research. The third interviewee C is a young Ph.D. medical student who is familiar 
with computers and is at his last year of education to become a physician. The 
interview and brainstorming sessions took one to two hours with each interviewee 
and they were recorded as well.  

4.1.1 Interviewee A 

The first interviewee A is currently a Ph.D. at Stockholm University, started at 
2010. She has worked as clinical physician for about 17 years from 1993. During 
this period, she worked as specialist clinical immunology and transfusion 
medicine. 
 
The very first thing Interviewee A thought about electronic patient record system 
regarding patient record overview is about the flexibility of the view. She 
mentioned “Kaiser Permanente” as an example where they have individual and 
customized way of patient record overview, which means that different people can 
define what they want to see individually in the patient record overview. Kaiser 
Permanent is an integrated healthcare organization from California, United States 
(Kaiser Permanent). She also mentioned that most physicians find it annoying 
with today’s systems that they require too many clicks.  
 
The session with her brings up the idea of having a body structure picture as an 
overview of the patient. It is especially useful when it comes to a multi-disease 
patient and the physician would like to do find some connections or solutions in 
complicated situation. It is also very convenient for specialists for some specific 
area. 
 
Interviewee A thinks the overview should be quick to read. It should help the 
physician to know about the patient’s past condition before meeting the patient, 
for example, what happened last week, what the existing diagnosis are, current 
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consultation reason. 
 
Interviewee A believes that hospital physicians and primary care physicians need 
different visualization of patient records, since primary care physicians are 
familiar with their patients while hospital physicians are not. That is why she 
thinks the hospital physicians need to obtain a visualized overview of the patient 
record more than primary care physicians. 
 

4.1.2 Interviewee B 

The second interviewee B has been working clinically for 25 years as a general 
practitioner and in recent years mainly involved in academic research. At the 
moment Interviewee B is a professor in general medicine and medical informatics 
at Karolinska and program director of medical doctor education there. Two years 
ago he became a guest professor at Stockholm University also. 
 
Firstly interviewee B believes there are two processes when physicians perform 
daily tasks. One is “Diagnosis” and the other one is “Treatment”. The Diagnosis 
process means to “see with knowledge and understand the condition of the 
patient”. The Treatment process means to “change the condition of the patient by 
using different ways”. It is important according to interviewee B to separate those 
two processes while visualizing the patient record. Time line approach is good but 
it is difficult to see the connections between different activities. ICF (The 
International Classification of Functioning, Disability and Health) code is also 
seen as an interesting topic. ICF is World Health Organization’s framework for 
health and disability and it describes and divides body structure into different 
functioning groups (World Health Organization, 2002). According to him 
Problem-oriented electronic patient record is difficult and has not worked very 
well. That is why also we abolished this approach in our design.  
 
Another interesting point interviewee B made is that general medicine in primary 
care has bigger need of visualization overview of the whole patient history, while 
specialist does not have the same need since for them the situation is less 
complicated. But it will still be good for them to have a visualized overview in 
their specialized areas. Regarding this interviewee B’s opinion actually contradicts 
with interviewee A’s opinion. 
 
From this interview, we come up with the design that combines the “Lifeline” 
timeline pattern with showing more obvious connection between treatment and 
diagnosis. 
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4.1.3 Interviewee C 

The third interviewee C is a young male medical student from Karolinska Institute 
who is in his last year of Ph.D. education. Although still in study, he has had 
practice period during which time he actually worked with real clinical work and 
also used electronic patient record system. 
 
According to C, a visualized overview of the patient record is extremely important 
because many times the physicians have very short time to look through the 
record before meeting the patient. For the systems available today, physicians 
need to browse the history in a very inconvenient way and it takes a lot of time to 
click around. What Interviewee C would like to have in the first page, is a sort of 
summary of the patient record. The interesting part is that he does not really feel 
the concept of “timeline” is that important, in the first step. Because in the very 
beginning you just would like to have a summary of what happened to the patient, 
no matter what the sequence of different things are. So what he thinks is important 
in the first step/page of the patient record is a summary of the patient about what 
is the latest update, last treated, surgical record, allergies and also pharmacist 
(medicine). In this summary it should not contain just all the history but only the 
important ones. This part is very tricky since different things are important 
according to different situations. But one thought would be, for example for 
diagnosis, just to list out the diagnosis that has been repeatedly shown for more 
than once. Same principle should also apply with the drug. This requirement 
actually brings a need for some type of information intelligence/summarization 
system to create a summary for the patient medical history. Although “timeline” is 
not that important in the first very click/overview, it still can be a good 
complement as a step two overview. By showing more detailed information 
through time line the physicians can have the possibility to check in details if they 
want. 
 
We discussed about the idea of showing only diagnosis in a descending date 
pattern, and by clicking on different diagnosis/diseases, you get a separate 
timeline plot about the lab tests, medicine that was related to just this diagnosis. 
This is a good and interesting way since the way as “Lifelines” presented, to have 
all the activities through a timeline, he feels it is very confusing, and it is difficult 
to actually find connections and wanted information from it. The example I 
showed him is the “Lifelines demo” on their website. But he also emphasizes that 
maybe one should have an overview of all the lab tests, where physicians may 
detect critical information which otherwise would be neglected if the patient is 
consulting for another reason. 
 
He also pointed out that this visualized overview of patient record should be 
generated automatically from the patient history. It should not require the 
physicians to enter different items again manually. 
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4.2 Proposed Prototypes 
Based on the interview and brainstorming sessions, two different prototypes of 
visualization of patient record are proposed. One combines the time line approach 
with more obvious connection between diagnosis and treatment. One is a 
visualized presentation of electronic patient record in a human body structure. 

4.2.1 Prototype I: short summary and diagnosis-based timeline 

In this Prototype I diagnosis-based time line, the main idea is on the top of the 
screen the basic patient information, for example name, personal number, photo, 
gender, age, as well as allergies, are presented. Below this the screen is divided 
into two parts, the one on the left is a short summary of the patient, including, last 
three treatment record, latest surgical record, latest and repeatedly prescribed 
medicine, repeatedly appeared diagnosis. Then on the right side of the screen there 
is a list of all the diagnosis the patient has received until now, listed in descending 
order according to date, but grouping the same diagnosis under the same item with 
all the dates. 
 
The reason for this is that diagnosis is difficult to present on a timeline, since it 
will be difficult to say when the disease is finished or gone. The good thing with 
list is that only the date of diagnosis being decided will be presented. 
 
This is the first page of the overview (Figure 2). It will be very suitable and useful 
for first-time reading when the physician meets the patient for the first time. It is 
easier to get an overview of the patient history in a very short time in this way.  
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Figure 2 Prototype I first page 
 

Beside the “Diagnosis”, there is another tab “Lab tests” where one can click and 
get all the laboratory tests for this patient, independent of diagnosis. It is not 
clearly drawn in Figure 2 but the idea is the tests will be grouped according to 
their types, for example all X-ray graphs for heart will be put under the same 
group. In this way it will be easier to see how it has changed through time.  

 
If the physicians want to look into more details regarding a specific diagnosis in a 
complicated case, it is possible to click on the specific diagnosis and a separate 
time line will appear on the screen (Figure 3). 
 
 

 
  

Figure 3 Prototype I separate time line plot for specific diagnosis 
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This timeline plot will present all the laboratory tests that have been done and 
drugs that has been given for this specific disease. In this way we hope the 
physician will more easily get the connection between different things. It should 
be possible as well to combine two or more diagnosis/disease in the list and get a 
combined timeline plot for the ones selected. This is helpful when the physician is 
performing some problem solving situations, trying to find connections or 
possible answers to help him make the decision. 

4.2.2 Prototype II: human body structure 

In Prototype II human body structure, another concept of “problem-area” or 
“function-area” is adopted. The first part of the basic information of the patient 
will be the same as the first prototype. But then below it, a human body structure 
will be presented (Figure 4).  
 

 

 
 
 
Figure 4 Prototype II first page 
 

The idea is that when a patient comes to primary care or hospitals, there is always 
a reason. That is why also actually the physician always already has an idea of 
which area to look into. For example, if the patient is sent to the hospital because 
of heart attack, then the patient record about his depression or foot break before 
may be not too much of interest for this occasion. That is why by presenting the 



Fan Jiang Master Thesis KTH/Stockholm University 

23 
 

human body structure, it helps the physician to choose which area to look at. In 
this situation, the physician will click the heart in this human body structure, and 
then the history about the heart-related disease will be presented. Another example 
would be if the patient is visiting for his knee pain, the physician can therefore 
directly click on the “knee” of the human body structure and a separate figure 
regarding the knee pain will be presented as in Figure 5. 
 

 

 
 
Figure 5 Prototype II separate time line plot for specific diagnosis 

 
This prototype’s approach is extremely useful for specialists since they normally 
only focus on their specialized area for the coming patient. But it is even useful 
for primary care physicians since the patient always come with a consultation 
reason. After the click, how the information should be presented for that area 
should be simple. The thinking is to skip the timeline and just present the 
laboratory tests and medicine in a list. 
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Chapter 5 Evaluation and Analysis 

5.1 Evaluation of proposed prototypes 
As stated in Chapter 3, evaluation of the proposed prototypes has been performed 
through scenario-based evaluation. The proposed paper prototypes are shown to 
some persons in the healthcare area. They are the future potential users. Through 
this process, we hope to find out what they think about the proposed prototypes, to 
see what the advantages and disadvantages of the current designs are, and to find 
out what to improve in the future. 
 
The two proposed prototypes (Figure 2 to Figure 5), together with the existing 
research prototype “Lifelines” (Figure 6) are presented to four respondents (the 
three interviewees A, B, C and one new respondent D). They are asked to express 
their impression of those three prototypes and give grades to them as well. After 
that the respondents are asked to make a choice of the three prototypes regarding 
different scenarios. In the end of the evaluation session they had the chance to add 
general suggestions or improvements towards the proposed prototypes. 
 

 
Figure 6 Lifelines demo, Human-Computer Interaction Lab, University of 

Maryland (Plaisant, et al., 1996) 
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Four scenarios are explained and used for the respondents to make a choice of the 
prototypes depending on different scenarios.  
 
These four scenarios are first time reading, re-reading, searching for facts and 
problem solving, which was presented in a research paper written by Nygren and 
Henriksson (1992).  
 
The first time reading scenario is for example when the physician meets a new 
patient for the first time and the purpose is to get a quick review of the patient’s 
medical history. The second scenario re-reading is when the physician is already 
familiar or at least knows about the patient but needs to trigger the memory 
picture of this patient, about the patient’s condition and treatment. The third 
scenario searching for facts is for example when the physician tries to give a 
prescription of previously used drugs, or writing a referral or summary. In this 
situation the physician uses the patient medical record as a dictionary to look for 
certain specific facts. The last scenario is problem solving which is regarding 
more complicated situation. For example when the condition is tricky and the 
physician is not sure about the diagnosis yet. In this scenario the patient’s record is 
used in a way that the physician is looking for facts that support his or her 
hypotheses. 
 
In total four respondents were involved in the evaluation process. The first three 
are the same persons as in the interview and brainstorming sessions. Respondent A 
is the female PhD at Stockholm University and has worked as specialist before. 
Respondent B is the guest professor at Stockholm University and has worked as a 
general practitioner before. Respondent C is the young male medical student from 
Karolinska Institute who is in his last year of PhD education. The new respondent 
D is a general practitioner in primary care. After 5 years of training and internship 
in both primary care and hospitals, he started to work as a general practitioner in 
primary care from 2006. He has been using the electronic patient record system 
“TakeCare”. This is an integrated system used by all the Stockholm government 
healthcare centers and hospitals. 
 
The respondents gave grades in a scale from 1 to 10 (1 as the lowest grade and 10 
as the highest grade). In Table 1 it shows the grades received for all three 
prototypes from different respondents. Details regarding every prototype are 
described separately in 5.1.1 for Lifelines demo, 5.1.2 for Prototype I diagnosis-
based time line and 5.1.3 for Prototype II human body structure. 
 
 
 
 
 
 



Fan Jiang Master Thesis KTH/Stockholm University 

26 
 

 
 Lifelines 

Demo 
Prototype I 

Diagnosis-based 
time line 

Prototype II 
Human body 

structure 
A 8 8 3 
B 7 7 8 
C 3 8/7 4 
D 6 3 5 

 
Table 1 Grades for the prototypes 

5.1.1 Lifelines demo evaluation 

Respondent A gave “Lifelines demo” 8. Senior A expressed herself as a “visual 
person” and that is why she likes the time line approach which gives a picture. It 
is a good way to present overview according to her. What she did not like about 
the “Lifelines demo” is that she could not see the connections between drugs and 
diagnosis. She would like it to be possible to make more individual settings. 
 
Respondent B gave “Lifelines demo” grade 7. For Lifelines demo, respondent B 
stated overall it is quite good. It contains the things that a physician wants to see. 
The layout makes it possible to get everything in one picture. He thinks this is a 
quite good approach. It is time line based and has a good overview of diagnosis 
and medicine. What he disliked about it was that the connection is not so obvious. 
It works though in the way that you need to find the connection yourself by seeing 
what the medicine is and what the medicine does. This requires knowledge and 
interpretation from the physician. It is not very graphical, more as a framework 
like an excel sheet. The part about hospitalization maybe should be moved. It 
would be nice if the user can change the order of the listed categories if he or she 
wants to. Social things can be added in the patient basic information section. 
 
Respondent C did not like the Lifelines demo so much and only gave grade 3 to it. 
His overall impression of this prototype is that it is too complicated. He likes the 
general time line thinking but it is not structure in a way so he can easily 
understand it. He considers this approach of visualizing the patient record too 
messy. 
 
Respondent D first gave Lifelines demo grade 8 and later changed it to 6 after he 
has seen all the prototypes. He thinks the approach idea of the prototype is quite 
good. It is a “one screen” overview with one interface. It is better than the 
different boxes in “TakeCare” system. He likes the time line approach, since as a 
primary care physician he wants to see the whole picture. What he dislikes about 
this prototype is that the drugs are not suitable to show on the timeline. They are 
so many and the time line will become crowded. 
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5.1.2 Prototype I diagnosis-based time line evaluation 

From respondent A, Prototype I diagnosis-based time line got 6 for the first page, 
but 8 with the complement second page, as good as the “Lifelines demo”.  For 
Prototype I diagnosis-based time line, she thinks it is fine and it is good for first 
time reading. But if you know the patient, maybe you want other things and you 
should be able to modify it to your own. What she did not like about Prototype I is 
that she felt the date for the diagnosis is not necessary to present. Maybe clinics 
should be shown there instead so one can see where and who made the diagnosis.  
 
Respondent B gave Prototype I diagnosis-based time line grade 7. He considered 
Prototype I is a very interesting approach since it is problem-based and has a 
diagnosis based time line. It combines the advantages of time line and also solves 
the problem of connections between concepts. He mentioned one can get different 
levels of overview from Prototype I. The dates presented after the diagnosis works 
as a counter which is good when you meet the patient. The connections are made 
clear, for example between the blood test and obesity diagnosis. This approach 
makes the best out of problem oriented medical record and combine it with time 
line. Solutions need to be found later when implementing the real working system, 
since for being able to make the connection, all the laboratory tests and drugs may 
need to be tagged with the specific problem. It also could be solved in the way 
that what happened around the specific time is considered to be related to that 
problem area. In some cases, diagnosis may differ from different physicians, but it 
could still be the same problem. 
 
Respondent C likes the Prototype I diagnosis-based time line best and gave grade 
7 or 8 to it. He thinks it is much better since it is much easier to understand. It is 
more structured as well according to him. He can get all the information from this 
prototype. In general respondent C likes this approach of visualizing the patient 
record. The diagnosis-based time line is a nice idea. What he dislikes is at the 
diagnosis part, it is not necessary to show all the dates for some chronic disease 
such as obesity. It is enough with presenting the information that the patient has 
this chronic disease, since he thinks for chronic disease it does not matter that 
much about the exact dates of diagnosis or visits. 
 
Prototype I diagnosis-based time line received only grade 3 from respondent D. 
He thinks the idea of summary is great but maybe it is not possible for a system to 
do that. He also likes the age is calculated and presented directly, so one does not 
need to calculate for every patient every time. What he dislikes or worries about 
this prototype is that the diagnosis based time line will not work. The reason is 
that there is no easy connection between the diagnosis, lab tests and drugs. It will 
be impossible or extremely difficult to implement it in reality. This is based on the 
physician’s work and habits. During one visit of the patient, the patient and the 
physician can discuss or mention maybe 5 or even 10 diagnosis issues, but the 
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physician will only assign the one (basically any one) he wants to use for this 
session. Different physicians put different diagnosis into the record. It is difficult 
to connect lab results to diagnosis as well. Since for example one patient is 
visiting for heart disease but as a primary care physician he knows that the patient 
has diabetes as well so he orders to do blood test. But in this case he will write 
heart disease as the diagnosis for this visit, while the blood test is done actually for 
the diabetes. Because of the same reason, the idea about that the most often 
written diagnosis is the most important is not correct either. No intelligence 
system would work for this purpose because of the physicians’ habits. 

5.1.3 Prototype II human body structure evaluation 

Prototype II human body structure received only grade 3 as first page from 
respondent A. She considered Prototype II more suitable as a complement, instead 
of a first page overview itself, since it contains very little information according to 
her. It would be better if it is connected to the time line, as an illustration on the 
side, for example a small human body symbol in the beginning of the time line. 
She also pointed out in this approach general medicine/disease would be a 
problem since it would be more difficult to present them in a human body 
structure. 
 
Prototype II human body structure received grade 8 or at least has the potential for 
8 from respondent B. Prototype II got the best impression from respondent B. His 
impression of it was the human body structure is graphical and graphical thing 
gives an immediate overview, which Lifelines demo and Prototype I diagnosis-
based time line does not give. But he also mentioned, for the human body, instead 
of the approach we have for the current design, we could consider use the ICF 
system, for example “knee pain” would belong to “movement” function group. He 
liked the idea of presenting separate time line plot when clicking on the specific 
function group. 
 
Respondent C did not find Prototype II human body structure so useful and 
therefore gave it only grade 4. He thinks a human body structure is nice but 
actually it is unnecessary since the physicians know what area it is regarding 
already when they look at the diagnosis. He stated that may be it is a better 
visualization for the patients themselves, rather for physicians. He suggested also 
that maybe this can be added as an extra option.  
 
Respondent D gave grade 5 as the first impression for Prototype II human body 
structure and added that it could be 7 or 8 if more detailed information is drawn 
for the prototypes. But the approach is promising. He likes the idea to use a visual 
interface with symbols. He said his brain works with symbols and pictures so he 
likes this approach. It is a simple interface which is very good. The interface 
should not be too complicated. He gets confused with all the different diagnosis, 
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activities in the “TakeCare” system since it is simply too much information there. 
Prototype II human body structure matches the mind map of how he works with 
the patient. This approach is simple but yet showing important things. It matches 
his picture of the patient. What he dislikes about this prototype is that this is only 
one type of overview. He need other types of overviews as well, for instance for 
the drugs and lab tests. Prototype II human body structure is only one part of the 
visualized overview. It can risk to be less used because some physicians may think 
it is too simple based on how they work or think. 
 

5.1.4 Scenarios’ choices 

The respondents’ choices of the prototypes according to different scenarios are 
shown in Table 2. Prototype I is the diagnosis-based time line approach as in 
Figure 2 and Figure 3. Prototype II is the human body structure as in Figure 4 and 
Figure 5. 
 
 First time 

reading 
Re-reading Searching for 

facts 
Problem 
solving 

A Lifelines/ 
Prototype I 

None Prototype I Prototype I 

B Prototype II 
 

Prototype I None Prototype II 

C Prototype I 
 

Prototype I Prototype I Prototype I 

D Prototype II 
/Lifelines 

Prototype II Lifelines Prototype II 

 
Table 2 Choices of prototypes under four different scenarios 

 
 

 First time reading 
 
Respondent A thinks Lifelines is good for first time reading since she likes 
visualization. Prototype I diagnosis-based time line is good as well. It 
gives a general view of what diagnosis they have. I like latest updates also. 
 
Respondent B chose Prototype II human body structure or Lifelines demo, 
as the very first overview. 
 
Respondent C chose Prototype I diagnosis-based time line because there is 
much more information visualized and presented. Prototype II human body 
structure contains too little information and Lifelines demo is too 
complicated according to him. 
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Respondent D likes Prototype II human body structure or Lifelines in this 
situation. He says it depends on if it is a multi-disease patient. He would 
like to use first Prototype II, and the next step might be to use Lifelines. 
 

 Re-reading 
 
In this scenario, respondent A wants to be able to quickly reach her last 
note. In all these systems she cannot see her latest note, for example if all 
her own notes are marked as bold texts they will be easier to find. She 
would also like to have a search function in this scenario. None of these 
prototypes would be so helpful to remember the patient. A photo is good 
thing to have though.  
 
Prototype I diagnosis-based time line is the choice of respondent B. The 
patients usually call or come for some reason. The problem/diagnosis 
based time line is a useful concept. He can look into different views 
depending on the reason for contact. 
 
Respondent C chose Prototype I diagnosis-based time line in this scenario 
as well based on the same reason as in “First time reading” scenario. 
 
Prototype II human body structure was chosen by the respondent D for this 
scenario, for he likes the approach with symbols and pictures. 
 
 

 Searching for facts 
 
Respondent A like and need the “Others” section in Prototype I diagnosis-
based time line (Figure 3) when writing a referral letter or summary. Most 
of the things needed in this scenario are the facts in the text and it is a 
situation where search engine is also needed. She wants to be able to click 
on different subjects. Prototype I seems good for this. 
 
In this case none of the prototypes would work for respondent B since he 
needs a search engine in this scenario. 
 
Respondent C prefers Prototype I diagnosis-based time line. He also 
expresses the need of a search engine in this scenario. 
 
Respondent D would use Lifelines demo for this situation. The reason is 
that he wants to know for example when the ultra sound of the heart was 
done before. With Lifelines it is easy to look into such information, with 
one click. 
 



Fan Jiang Master Thesis KTH/Stockholm University 

31 
 

 Problem solving 
 
In this scenario respondent A usually would not read through but actually 
start looking into laboratory results. Quick access to blood and X-ray lab 
results are needed. Prototype I diagnosis-based time line seems easy to get 
hold of them. Except for that, she would like to read speculations from 
previous physicians as well. 
 
Respondent B chose Prototype II human body structure for this scenario. It 
is easier to search information in the specific related problem area. He also 
points out the some kind of information or knowledge system should be 
connected to it so the physician can use it as a reference. 
 
Respondent C still chose Prototype I diagnosis-based time line for this 
scenario. He thinks it is easier to find information there. 
 
Respondent D prefers to used Prototype II human body structure or 
Lifelines. He stated that detailed information on the screen is good to have. 
He also mentioned that actually in this scenario he might not necessarily 
look into old information, since it is about new information. 

5.1.5 Suggestions and improvements 

We also get some improvement suggestions from respondent A regarding the 
proposed prototypes: 

 Latest contacts (different ones) instead of latest treated. Not only which 
hospital or clinic should be stated, but more specific place for example 
which department. This is more interesting information than only the name 
of the hospital 

 It will be easier to read if drugs can be grouped in some way 
 “Other” section in Prototype I diagnosis-based time line is a very good 

idea.  It can contain more social information, for example, sjukskrivning 
(sick leave), hemtjänst (home care), alcohol problems, contact person (who 
can you talk to about the patient’s condition), social contacts, etc. 

 It is extremely important to be able to individualize the system, to take 
away things or information that one does not need, for example pregnancy 
10 years ago. 

 Touch screen function in the future 
 Laboratory results can be sorted under different categories, not the date 
 Colors and symbols are useful to have when implementing the system later 
 Prototype II human body structure can be added as a complement to time 

line approach 
 Different diabetes have different diagnosis number, but they should be 

placed under the same group 
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 The system should not be static. It should be able to be changed by the user.  
 Medicines that cause strong side effects should be shown (non-tolerant 

medicine), not only allergies. 
 Possible to make more individual settings, for example presenting certain 

laboratory results or graphs that I want to follow on the first page already 
 
Below are the improvement suggestions from respondent B: 

 An interesting idea could be change from problem based medical record to 
function system based medical record, which is based on the ICF idea.  

 Combine ICF function groups with the human body structure 
 Diagnosis is interesting but the actual problem (for example the patient can 

not breathe or walk) the patient has is most important, that is why 
problem-oriented patient record is great if one can make it work. 

 The connections can be worked out in a way that everything that happened 
around a specific time will be grouped into one category. But this will 
work out more easily using the function systems because then you can 
learn the machine some specific type of test belongs to some type of 
function group. 

 
Below are the improvement suggestions from respondent C: 

 To have photo in the patient record would be a very good thing. It helps 
the physician to remember the patient much more easily. But he was not so 
sure about if the patients want this since it is about integrity.  

 Search function is always appreciated to have in such a system, especially 
if the patient is asking for something such as drugs. It takes a lot of time to 
read through. A search function would help physicians save a lot of time.  

 Try to have the visualized patient record presented in “one screen”. As in 
today’s existing systems physicians need to click and read through all the 
documents. When everything is presented within the whole screen, it is 
much faster to read as an overview of the patient record. 

 For the drugs, it would be interesting to know the details, how long time 
the patient has been taking them and the dose (for example 24mg every 
time, two times every day, for two years).  

 Divide the tests into lab tests and X-rays 
 
Below are the improvement suggestions from respondent D: 

 The diagnosis system that is used right now, ICD code, has weakness in 
primary care and needs to be changed as soon as possible. It is a one 
dimension system with no difference among disease, symptoms, activities 
and operations. All of them use ICD-10, which means physicians can not 
distinguish them and filter to get the important information they want. ICF 
is not a good solution either. Because it is also very complicated. For 
example when a patient has depression, functions such as sleep, hearing, 
vision and so on are all affected and you need to assign many ICF codes 
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for them. This is not useful. We need a better and simpler system and 
reduce the amount of the codes. 

 One suggestion regarding Prototype I diagnosis-based time line is about 
the summary part. As stated before, it is almost impossible for any 
summarization system to do this, respondent D suggests it would be better 
if the physicians can spend some time to do this manually. At the moment 
it is carried out in the hospitals by younger physicians when the patient is 
going to leave the hospital. Similar things should be done by the primary 
care physicians as well for their patients, maybe once a half year or once a 
year. It may take only two minutes if not so much has happened or it may 
take one hour if a lot has happened this period of time. But this will create 
great value because the physicians know about their patients and can do 
the summary better than anyone or anything else. 

 It is important to have all the information in the system but it is even more 
important to be able to search and filter. 

 Different presentation and visualization may be provided in a system so 
the physicians can choose the one they want to use at the moment. 

 Diagnosis listed in the system should only be “title diagnosis”, which is 
high-level diagnosis, but not presenting all the “sub diagnosis”. Otherwise 
it would become too much information which results in the physician do 
not find any information instead. 

 
Questions that are asked for the evaluation are listed in Appendix A. 

5.2 Discussion 
Visualization and presentation of electronic patient record has become a hot 
topic since a few years ago. More and more research groups and companies are 
putting huge efforts in this area and try to understand how the visualized 
presentation of a patient record should look like. However, there are still very 
few systems have been developed for this and actually put into use. That is why 
we feel there is a need to capture the requirements for this type of system and 
propose some prototypes based on them. 
 
The result is based on different interview and brainstorming sessions with people 
in this specific area and try to understand what they want from it and how they 
want it to look like. Based on these requirements collection sessions, two 
preliminary prototypes are proposed after that. The approach is to combine the 
best parts from different previous approaches, for example, time oriented and 
problem/diagnosis oriented medical record. This is trying to use the quite 
popular existing time line approach of Lifelines but at the same time improve it 
in the way that more obvious connections are shown with problem/diagnosis 
oriented approach. A new approach using human body structure is proposed as 
well.  
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From the interviews and brainstorming sessions we could see different 
physicians have different needs and requirements on a visualization system of 
patient record. They have different personalities and thus their own preference of 
how they read the record and how they want it to be presented. Some things are 
common though.  
 
To be able to see if the proposed prototypes meet the requirements of the 
physicians and also to search for advices for improvements, the evaluation 
process has been performed. From the evaluation we can also see a variety of 
different opinions about the proposed prototypes. One prototype could be 
considered not very helpful by one physician while at the same time considered 
to have the best presentation view by another physician. For example the human 
body structure approach was firstly proposed in the brainstorming session by 
respondent A. But in the evaluation respondent A gave Prototype II human body 
structure the lowest grade, while respondent B, who has not seen this approach 
before, gave the highest grade to this approach. This shows also how difficult it 
is to capture needs from physicians and understand what they really want. 
 
Both general practitioners seem to be more positive toward Prototype II human 
body structure, while the specialist respondent A likes Lifelines and Prototype I 
diagnosis-based time line more. It could be that for specialists who work in 
hospitals and focus in some specific area or disease, it is easier to implement the 
diagnosis-based time line. This is not so easy to make it work when it regards 
primary care physicians. 
 
They all express the idea of individualization though, which is even more 
important when we find out that different physicians have different preferences. 
 
The results as presented in Chapter 4 and evaluation in Chapter 5.1 showed that 
a combination of Prototype I diagnosis-based time line and Prototype II human 
body structure could be a fruitful approach. In Prototype I the idea of showing 
problem/diagnosis based time line is interesting for the physicians. In Prototype 
II with the human body structure, the idea of function groups are brought up 
which may be a future trend.  
 
The limitation of the master thesis is that we focused only on physicians, while 
not including perspectives of other healthcare personnel such as nurses. From the 
information gathered from the interview, nurses and other occupations in 
healthcare area actually have different tasks and needs for the visualization 
system. For this master thesis, we focused on proposing prototypes which only 
takes physician’s need into consideration.  
 
Another limitation in this thesis work is that the number of respondents is quite 
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limited so it might be difficult to draw a general conclusion. What we can 
conclude is only based small group of respondents’ opinions and ideas. The 
reason is that it is difficult to get hold of physicians and ask them to spend time 
participating in the whole thesis process. In about two weeks time around 15 
physicians have been contacted but no response was received from them. 
Attempting to get more PhD medical student did not succeed either. 
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Chapter 6 Conclusions and Future 
Work 

6.1 Conclusions 
Based on different opinions and suggestions collected as described in previous 
chapters, we can conclude that different physicians have different requirements and 
preferences on visualization of electronic patient record. When designing 
visualization of electronic patient record, we should consider the real potential users’ 
opinions as the most important perspective. 
 
Based on this, one conclusion is that the most critical and desired feature is to be 
able to individualize the system, to make users’ own settings, to take away unwanted 
information and highlight the desired information.  
 
From this master thesis we could also come to the conclusion that a combination of 
Prototype I diagnosis-based time line and Prototype II human body structure would 
possibly be more popular.  
 
Search engine is a feature or requirement that is commonly needed as well. 

6.2 Future work 
The proposed prototypes can be evaluated in a larger scope as a future work. If some 
research project later can get more access towards the healthcare organizations, it 
will be of great value to show the prototypes to more physicians and get their 
opinions about it. This can lead to a more general and reliable conclusion and more 
clear hints about which approach will suit best in the future. 
 
ICF system could be investigated more deeply and use it as a base for the 
visualization of electronic patient record. It might become a future trend. But it 
should be adapted to become simpler and the amount of the codes should be in some 
way reduced to be able to help the physicians. 
 
Implementation of the proposed prototypes will be an interesting future work. After 
that an evaluation of the implemented system can be carried out as a future work as 
well. 
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Appendix A Evaluation questions 
 
Name: 
Background: 
 
Lifelines demo 
 
Q: What grade (from 1 to 10) would you give to this prototype (only regarding design 
approach)? 
 
Q: What is your overall impression of this prototype and what do you like about it? 
 
Q: What do you dislike about this prototype? 
 
Prototype I diagnosis-based time line 
 
Q: What grade (from 1 to 10) would you give to this prototype (only regarding design 
approach)? 
 
Q: What is your overall impression of this prototype and what do you like about it? 
 
Q: What do you dislike about this prototype? 
 
Prototype II human body structure 
 
Q: What grade (from 1 to 10) would you give to this prototype (only regarding design 
approach)? 
 
Q: What is your overall impression of this prototype and what do you like about it? 
 
Q: What do you dislike about this prototype? 
 
Scenarios: 
 
Q: For first time reading, which prototype do you prefer to use? 
Q: For re-reading, which prototype do you prefer to use? 
Q: For searching for facts, which prototype do you prefer to use? 
Q: For problem solving, which prototype do you prefer to use? 
 
 
 
Q: Do you have any other suggestions or opinions about the two proposed prototypes? 


