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Design and evaluation of the CHILI system 

Though this be madness, yet there is method in 't. 

William Shakespeare, Hamlet (II, ii, 206) 

Abstract  
The CHILI system is a general-purpose radiology workstation with telera-
diology and telecardiology functions.  

The design of the CHILI user interface is made with the purpose to 
achieve high usability. Usability is treated as part of the product develop-
ment process instead of being a separate activity.  

A number of design principles – rationale – guided the design of the user 
interface. The minimalism of the system comes primarily from the approach 
to focus on work tasks instead of functionality. This is accomplished by dis-
playing as much information as possible in one single window. No functions 
are out of sight in menus or dialogue windows. 

An evaluation using questionnaires was performed to assess the usability 
of the system. The questionnaires include a validated usability measure (the 
System Usability Scale) to give a global assessment of system usability. Five 
experienced users were interviewed individually to complement the ques-
tionnaire data. 

The design approach used in the CHILI system was found to be working, 
both from an experienced and new user’s perspective. The strong sides of the 
system are the ease of use, the minimalism of the design, and the way the 
system is adapted to the working environment. Areas where it is possible to 
improve are the on-line help system, questions regarding available function-
ality, and user training. Continuous redesign and development has helped 
increase usability. 
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Telemedicine 
Telemedicine is a combination of telecommunication, medicine, and infor-
matics. The prefix, tele, implies distance.  

Telemedicine as practice is often defined as the use of telecommunica-
tions and information technologies for the provision of clinical care to indi-
viduals at a distance, and transmission of information to provide that 
care [32]. By this definition, both the physician and the patient are users of 
telemedical technology. Telemedicine can, for example, be used for educa-
tion, decision making, remote sensing, and collaborative arrangements for 
the real-time management of patients at a distance. 

 
Figure 1. The photo to the left shows the Uppsala University Hospital’s image (film) 
archive, consisting of several kilometers of shelf storage. The archive is, more or 
less, staffed 24 hours all days. The right side photo shows the hospital’s new digital 
picture archive with equal or higher capacity. 

The goals in general are to improve patient care, maximize limited resources, 
and realize cost savings. Experience show that teleradiology systems reduce 
film costs, patient transports and travels of the radiologists [2]. There are 
also environmental gains, as film processing can be done digitally without 
chemicals. 

The quality of health care is improved through faster and better diagnosis 
as (remote) experts can be consulted for complicated cases. Another advan-
tage is the reduction of costs through resource sharing of expensive equip-
ment and radiologists, e.g. during night shifts. 
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History 
Many medical professionals have tried to provide expertise at a distance. 
Wilhelm Einthoven, inventor of the electrocardiogram and Nobel Prize win-
ner in 1924, transmitted basic electrocardiograms from a hospital to his labo-
ratory via telephone cable as early as in 1905 [8]. Since then the phone has 
been one of the most used tools in telemedicine, and still remains so. 

 
Figure 2. Radio News magazine from 1924 showing a patient in front of a radio, 
suggesting physical examinations soon could be done over the radio. 

The shipping trade was an early user (around the 1920s) of telemedical ser-
vices. The sailor’s profession was not always a safe one and accidents hap-
pened, sometimes far out at sea [44]. In situations like this, emergency ad-
vice was called upon using radio.  

In the 50s, US hospitals experimented with TV broadcast technology to 
share x-ray images. Closed-circuit television solutions were also tried at the 
same time period, in and between nearby hospitals [1]. 

More current technology in telemedicine stem from NASA's efforts in the 
early 60s with manned space flights [45]. Data from orbiting astronauts was 
sent to medical personnel at the NASA Johnson Space Center. Biomedical 
parameters transmitted included astronaut's heart rate, temperature, and 
ECG.  
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Teleradiology 
Teleradiology is the electronic transmission of radiological images for the 
purposes of interpretation and consultation. According to Kodak’s frequently 
asked questions on Teleradiology [20]: 

Teleradiology is the process of sending radiologic images from one point to 
another through digital, computer-assisted transmission, typically over stan-
dard telephone lines, wide area network (WAN), or over a local area network 
(LAN). Through teleradiology, images can be sent to another part of the hos-
pital, or around the world.  

Radiological images need to be encoded in very specialized ways in order to 
preserve all information that the image capturing modality provides. To pre-
serve information is particularly important in health care as images are trans-
mitted to remote locations and used as one of the most important sources for 
diagnosis. For example, since it is imperative to, at all times, be sure an im-
age is associated with the correct patient, the image data itself contains refer-
ences to when the images was captured, and at what hospital. The image data 
may also contain the patient name or id. The most common medical image-
related standards are ACR/NEMA [29] and DICOM [7].  

Because of the many above requirements on images (plus data security, 
data consistency and integrity etc [38, 5]), commercial products for general 
computer-supported cooperative work, CSCW, are not suitable options for 
teleradiology. The application responsible for the transmission and the dis-
playing of the images needs to be specifically developed for the medical 
domain. 

 
Figure 3. The photos demonstrate an on-line conference, where a leading cancer 
expert is giving advice to a remote site. Both sides share the same view of the image 
data on the computer and communicate using a standard hands free telephone. 

Teleradiology is one of the leading applications of telemedicine. This tech-
nology plays an important role in improving quality of care, including pro-
viding access to rural and remote areas. It can also help contain the rising 
cost of health care. 
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Usage scenarios 
Teleradiology originally started as a remote application (to share radiology 
resources at a distance – images, equipment or computer systems), but with 
today’s network penetration there is little or no difference between local use 
inside the hospital and the usage outside – for example, from remote clinics 
or homes of medical staff or patients. The common access to broadband 
networks makes the tele aspect less prominent today. Almost all modern 
systems are implemented as (tele-) communicating systems. 

Some of the initial usage scenarios included some sort of convenience for 
the on-call radiologist, or the remote consulting physician that seeks a sec-
ond opinion (see Figure 3). Today teleradiology applications are used inside 
as well as outside the hospital. They are routinely used for accessing patient 
data and images on central storage areas. Many hospitals have altogether 
abandoned the use of traditional film, and digital images are the only images 
produced. 

The CHILI system 
The CHILI [9] system is a general-purpose radiology workstation with tel-
eradiology and telecardiology functions. Its main characteristics is (1) the 
ability to transfer images between users of the application, (2) the on-line 
viewing and processing of images, and (3) the retrieval of images from ex-
ternal image sources. One of the most important purposes of the application 
is to (4) enable the sharing of expensive resources, such as high quality film 
printers, rapid image transportation and image analysis specialists.  

Origin 
CHILI has its roots in MEDICUS – a teleradiology system developed in the 
mid 90s at the Deutsches Krebsforschungszentrum (German Cancer Re-
search Center) in Heidelberg, Germany. The MEDICUS system was com-
missioned to work on ISDN lines, at that time the common way to get fast 
Internet access. The MEDICUS application was intended for teleconferenc-
ing and computer-supported cooperative work (CSCW) in the medical do-
main. 

Functionality 
Today, the CHILI system is used for the following tasks: 
• Image and report delivery 
• Interdisciplinary teleconferences 
• Radiation therapy planning 
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• Quality assurance measures 

The CHILI system is well-integrated [13] into the hospital environment us-
ing the Digital Imaging and Communication in Medicine (DICOM) proto-
col [29]. New networking methods, for instance, based on DICOM MIME 
(i.e. email) are recent additions to widen communication possibilities be-
tween new partners, such as small hospitals and doctor’s practices [7].  

 
Figure 4. The image shows the CHILI workstation’s user interface in dual monitor 
setup. 

Design of the User Interface  
The main objective behind the design of the user interface was, already from 
the very start, to make the system a tool especially designed for medical 
work as opposed to a general computer application. This emphasis and focus 
on the medical work content lead to a number of design decisions that make 
the handling different from many standard computer applications. 

Usability 
It is rare that computer support this actively address usability aspects. We 
believe this is important to mention as good usability never happens by 
chance [33]. 

The design of the CHILI user interface is based on an assurance on us-
ability. Usability is seen as part of the product development process instead 
of being a separate activity. Lif has shown that the process view is essential 
for usability [24]. The method of an early and continuous focus on users, 
empirical evaluation, iterative design and multidisciplinary design teams is 
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sometimes called User Centered design (UCD) [10] or Participatory Design 
(PD) [36, 40]. This is, for the major part, the design process used in the 
CHILI development. 

The UCD1 process differs from other approaches to usability. Usability 
engineering [31] for example, treats usability of a product quantitatively, and 
attempts to specify objective measures of interaction by model definitions of 
system, user, and interfaces. When the product is finished it can be verified 
that it does or does not reach the specified levels of usability.  

There is also the view of usability as a product attribute [17]. This is a 
concept influenced by the standardization activities that many (especially 
medical) computer systems undergo. In this approach one lists system prop-
erties or qualities that influence usability, and relate them to objective (in a 
broad meaning) references. International standards are the most important 
references, such as the ISO 9241 [14], but usability style guides of software 
manufacturers can also provide detailed instructions for user interface devel-
opment and function as objective reference [41]. In addition, there are more 
general lists of usability principles [4, 15]. These introduce wanted proper-
ties of interfaces on a general level.  

By UCD we want to make systems design more participatory and self-
ruled, by forming multi-disciplinary project teams. The method involves 
prototypes as a hands-on way for users to express what is needed from a 
computer system. Prototypes provide a common language for developers and 
users; a way to iteratively try out solutions. For a more recent attempt to 
precisely define UCSD see Gulliksen et al [47]. 

Background design knowledge 
Parts of the background of the decision to concentrate on work content origi-
nate from a prior research project, Helios, within the framework of the AIM 
(Advanced Informatics in Medicine) program of the CEC (Commission of 
the European Communities). The aim of the Helios project was to alleviate 
the development of medical applications by establishing a software engineer-
ing framework especially dedicated to the medical world. During three years 
of research and development in Helios a team responsible for HCI-matters 
analyzed work activities, information utilization and user expectations. The 
team witnessed inefficient user interfaces, and saw examples of computer 
systems where up to 80% of the working time was spent managing the inter-
face. From an analysis in Helios [32]: 

In a work situation, where computerized information systems are used, e.g. 
health care, the purpose of the work performed by the professionals is never 

 
1 Also called User Centered Systems Design (UCSD). I make no difference between these two 
names. For a discussion on the possible differences between UCD and UCSD see Görans-
son [46]. 
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to operate the computer. The computer is only a tool that will be used and 
appreciated as long as it efficiently supports the purpose of the work, e.g. to 
provide good health care for a patient. This means that the interface must be 
designed on the basis of optimization of the work activities as such instead of 
just optimizing the use of the computer. The practical consequence of this is 
that the design must be based on an analysis of how information is being 
used in the actual work context for which the application (or artifact) is in-
tended. The design must be made so that the management of the interface can 
be as automated as possible - then the user can make optimal use of his or 
her creative and problem solving abilities to perform the essence of the work. 
In this way the computer system will be `transparent' and the user can con-
centrate on the work activities. We say that the interface must be obvious to 
the user.  

Rationale 
A number of design principles – rationale – guided the design of the CHILI 
user interface.  

The aim is to maximize the usability, not the functionality. The approach 
to focus on work tasks instead of functionality leads to a minimalism in de-
sign. This is accomplished by, simultaneously, displaying as much informa-
tion as possible for each work task.  

Making the application work task-oriented is not a new idea. The first 
ever desktop metaphor, the Xerox Star, was an example of this ap-
proach [16]. Later variants of the Star interface made the work task connec-
tion more evident; this can be seen in Card’s multiple virtual workspaces of 
the Rooms Design [6, 11, 22]. The reasons behind a rooms or work task 
metaphor are several; the arguments made by Card & Henderson targeted 
problems with limited screen size, navigation, task switching, information 
access, and interaction. All these listed problems are possible to – at least to 
some extent – work out with a work task centered approach. 

There were many rationale and goals that guided the design process. Be-
low follows the most important goals.  
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Figure 5. A screen shot of an early functioning version of the MEDICUS system. 
The prototype shows the “image viewing task” where all functions needed for image 
viewing and manipulation is present in one single layout. 

Single Window 
To reduce unnecessary maneuvering and handling of the application itself, 
all functionality is kept in one single full-size window. There are no dialogue 
windows, and very few pull-down menus. The traditional menu bar is ab-
sent. Figure 5 demonstrates how all functionality is fitted into one single 
window. 

The reduced screen space available (only one full-size screen) forces the 
design to be minimal but also complete – all needed functionality for each 
work task has to be present and clearly visible in this single window. With a 
design goal of a single window it is not allowable to add yet another function 
in a new pop-up window or tab pane. 

The rationale behind the single window goal is the conviction that the 
system will be easier to use if the user does not need to move windows 
around and, in reality, handle the design herself. At the same time all func-
tions will be clearly visible since they are not hidden deep in a menu struc-
ture or obscured by a dialogue window on top. 
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Work task selectorBag panel Folder panel 

Work area Quit panel Status panel 
 

Figure 6. One of the first design drafts of the MEDICUS system, from February 
1995. All areas marked white in the figure are static and are always visible. Only the 
content in the central Work Area will change. Note that no menus are present in the 
design. 

Low cognitive user load 
In order to allow the user to focus on the (medical) work at hand, handling of 
the application itself must be kept at a minimum. Navigation and control of 
the computer should be as transparent as possible. 

To remove the window handling as described above is one such step. An-
other step is to aim for parallel display of information, so that all data is 
available exactly when needed; as much relevant information as possible 
should be visible to the user at all times. This means crucial information 
cannot be “just one click” away, because one click away means the user still 
has to let go searching to find that information. This search, no matter how 
minuscule or fast, interrupts the work process and reduces concentration. A 
massive, parallel display of information is always faster and easier to 
use [27]. 
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Figure 7. The image shows a basic MEDICUS design draft, with plenty of meta-
phors such as traffic lights (on the left), folders (top horizontal), and tools (right). 
The traffic light displays who has control of a shared pointer in a conference session. 
The folders contain patient data, mostly images. 

No training 
The system should be easy enough to use so that no or very little training is 
required. As a consequence of this the functionality must be kept to a mini-
mum so that only the necessary tools need to be considered at design time. 
The design goal here is to: 

Provide the functions needed, no less, no more. 

This allows us to stay away from the traditional pull down menus com-
pletely, as seen in Figure 6. Menus introduce states or mode-dependent be-
havior in an application which are difficult to visualize in a clear manner, 
and to get a proper understanding of as a user.  

For example, it is quite common that functionality in menus change when 
using an application. For example, the “save” button in the menu bar is often 
disabled (grayed out, not possible to select) when no changes have been 
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made to a document. When a change has been made, the save button is again 
enabled. In this example the enabled and disabled state of the button can 
help a user understand the state the application is in. However, more impor-
tantly, the change from disabled to enabled state happens inside the menu, 
which is not visible. The user is not notified about changes that happen. 

 
Figure 8. The image shows a late design prototype of MEDICUS.  

Focus on important aspects 
For a professional user in radiology, the space available for images is the 
most important criteria. Image size alone is the single most important factor 
for a successful application in this field. The users have high demands on 
their working conditions, and the importance of image size is emphasized at 
all user levels. This and more general requirements for image processing 
were examined in a separate study [3]. 
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Figure 9. On the left, the application is in the normal mode with full view of all 
navigation areas. On the right, the database area is shrunk to on line, the lightbox to 
the left is one image thumbnail wide, and the work task selector on the right is 
folded. The area for images on the left is 70/30, on the right it is 85/15. 

In order to enable a large image area the concept of folded areas provided a 
solution. This is a technique that allows a user to hide away (to fold) some 
part of the user interface. These hidden areas are then accessible by some 
other technique, for example keyboard short-cuts or context-sensitive (pop-
up) menus. The folded area may later be unfolded to its original size. See 
Figure 9. 

 
Figure 10. The image shows the last design prototype of the CHILI system, right 
before implementation began. Most metaphors of the MEDICUS system are gone. 
They have been replaced by more traditional computer components and concepts. 
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This is an adaptation to the increased computer knowledge of the users and to the 
terminology and technology used in the surrounding computer support systems. 

Using folded areas, there are parts of the interface that you can hide or make 
smaller. In the folded state up to 85% of the screen space is available for 
images. The remaining 15% is for control of the application. The corre-
sponding ratio for the unfolded state is 70/30. 

Additional input for design 
It is possible to have the application provide additional background informa-
tion to improve subsequent versions. The logged data can give a more true 
view of how the system actually is used, compared to standard question-
naires or quick observations on site. By studying the system usage we can 
learn more about the environment where it is used.  

The CHILI application logs some non-sensitive parameters, for example 
how many images were viewed or transmitted in a session. The logs can 
later be analyzed to provide a richer view of how the user group as a whole 
is using the system. This improved view will help us understand actual usage 
patterns; there can be a large difference between stated and real use. 
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Figure 11. The graph shows the time of day when the application is started. We see 
it is typically used during normal office hours, although there is some usage late in 
the evening. 
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The data shown in this section comes from one month’s logs in year 2000. It 
is not to be seen as invariant. A profiling needs to be updated from time to 
time. 

In cases of severe cerebral trauma or hemorrhage the decision of a neuro-
surgeon about the further treatment is a time-critical factor. Some hospitals 
claim, for example, to use telemedical systems for this kind of emergency 
situations, when the hospital’s senior radiologist is backing up junior staff 
while being at home during night shifts. From the logged data we may see if 
usage claims like that holds true or not. By looking at when the application is 
launched, one can construct a better profile of usage.  Just by looking at 
Figure 11 we may not be completely sure though. It instead supports the 
view that the system for the most part is used during normal office hours. 
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Figure 12. The image shows the length of a conference session using the applica-
tion. We can see most conference sessions are extremely short. The scale on the y-
axis is the number of conferences initiated. 

The same type of analysis can be used when looking at the built-in confer-
ence functionality. Figure 12 shows the lengths of joint conference sessions. 
The majority of sessions are surprisingly short. If this is the case over a long 
period of time, we should address this in the system design. We could keep 
the initial setup of conference calls very short in order to control overhead 
costs.  

As an example of when this kind of log data is the most valuable, we can 
examine the result in Figure 13. If we did not have hard evidence like this 
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graph, it would be close to impossible to claim the usage pattern looks like 
this. From the data we can now conclude that conference sessions have be-
come a regular part of the work – sessions are scheduled to happen right 
after lunch. Knowing this, we may better adapt the user interface to handle 
this expected type of activity. We can, for example, provide short keys for 
establishing a conference session, we can provide a pre-made list of common 
conference partners, we can reduce the number of interaction steps required 
to setup a session, etc. 
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Figure 13. The graph shows the time of day when conference sessions are held. The 
scale on the y-axis is number of conferences. 

Evaluation methods 
Several methods were used in the evaluation of the system. The use of a 
number of methods helps in providing a more complete view of the system.  

The first method used is a validated questionnaire. It is used as a bench-
mark, to find a rough indicator if the usability is as expected. 

A few extra questions are added to the questionnaire to broaden the fact 
gathering and statistics.  

Interviews were held with experienced users, to find out more in detail. 
An interview can provide a lot more information about how well the system 
works in a real setting. 
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SUS questionnaire 
The SUS questionnaire consists of the ten questions below: 

 

 
Figure 14. The CHILI system, version 1.0. 

System Usability Scale (SUS) 
SUS was developed as part of the usability engineering program in inte-
grated office systems development at Digital Equipment Co Ltd., Reading, 
United Kingdom. 

It is a reliable, low-cost usability scale that can be used for global assess-
ments of systems usability. It can be compared to other, somewhat more 
complex and inclusive methods for measuring usability, like the more known 
Software Usability Measurement Inventory (SUMI). SUMI is a generic us-
ability tool that comprises a validated 50-item paper-based questionnaire in 
which respondents score each item on a three-point scale (i.e., agree, unde-
cided, disagree). SUMI is only available as a commercial option [18].  

The SUS is simple, ten-item survey giving a global view of subjective as-
sessments of usability. This measure can be used to compare usability across 
a range of contexts. Just like the SUMI it is a validated questionnaire. SUS 
was preferred for its easy deployment and minimal footprint. 
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  get going with this system 

Resu
The graph Figure 15 shows the collected SUS scores. The average score is 

 
1. I think that I would like to use this system frequently 
2. I found the system unnecessarily complex 
3. I thought the system was easy to use 

technical p4. I think that I would need the support of a 
use this system  

5. I found the various functions in this system were well integrated 
6. I thought there was too much inconsistency in this system 
7. I would imagine that most people would learn to use this syste

quickly    
8. I found the system very cumbersome to use 
9. I felt very confident using the system 
10. I needed to learn a lot of things before I could

All questions are answered in a Likert scale, rated 1–5. The answers are then 
calculated into a number in the range 0–100.  

The SUS score is 2.5 times the total sum of q1-1, 5-q2, q3-1, 5-q4, q5-1, 5-q6, 
q7-1, 5-q8, q9-1, and 5-q10. 

lts 

71.  
The lowest score is about normal which still is a good result. 
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Figure 15. SUS scores from the questionnaire for the ten users. The lowest value 
reported is still about average (47.5). 

Questionnaire 
A printed questionnaire with a total of 43 (including the 10 SUS) questions 
were distributed to users of the CHILI system. The questionnaire was also 
available as a fill-out form on a web page for those that preferred that. 

Results 
10 test subjects filled out the questionnaires. 80% of the users are very ex-
perienced, having used the system for longer than a year. 

Although the system is used frequently (all users use it every working 
day), each session is rather short. 70% report they use it less than 30 minutes 
per day.  
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Figure 16. How long do you use CHILI on average per day? X-axis in percent of 
users. 
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Figure 17. The users (you and your colleagues) have all the necessary skills and 
education to use CHILI.  
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Figure 18. CHILI provides a good view of what it can do. 
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Figure 19. CHILI is easy to learn and use. 
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Figure 20. The help functions in CHILI are easy to use. 
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Figure 21. CHILI is flexible and does not control the way I want to work. 
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Figure 22. The patients gain direct or indirect benefit from CHILI. 
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Figure 23. CHILI makes communication easier internally. 
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Figure 24. CHILI makes communication easier with external units. 

Interviews 
The interviews were done on location in the departments of the test subjects. 
The test group consisted of five very experienced users at the German Can-
cer Research Center in Heidelberg, Germany. The test subjects ranged from 
scientific researchers to supervising physicians, all with many years of ex-
perience from the medical field but also from using the system. All have 
experience from using similar systems by other companies.  
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1. Not physical

What is the best consequence of going from physical images to digital?

What is the worst …?

Do you think you there is something lacking when you do most diagnosis on the
computer screen?

What are the practical changes because the work is mainly done on computer screens?

2. CHILI work well together with the other systems I use

3. CHILI is flexible and does not control the way I want to work

4. CHILI makes it possible to follow up results

5. CHILI makes communication easier internally

6. CHILI makes communication easier with external units  
Figure 25. Excerpt from the interview guide. The questions may seem biased but it 
is the task of the interviewer to neutrally guide the discussion and let the inter-
viewee(s) describe things in their own terms. The guide is there so the same aspects 
will be covered by all subjects. 

Method 
Interviews can either be structured or unstructured. In a structured interview, 
the researcher asks explicit questions consistently to all participants. The 
interviews were guided by a pre-made set of questions (an interview guide) 
so that the same topics were covered by all test subjects. The main approach 
is depth interviews (one-on-one interviews). This kind of inquiry is a form of 
qualitative research, which emphasizes the need to stay true to context.  

Interviews were done in-situ in a quiet room with no one else present. The 
interviews were recorded with a digital recorder and saved as digital audio 
files for processing later on.  

The resulting audio files were not transcribed. Instead they were analyzed 
by making freehand notes during repeated playback. The notes were then 
used to find patterns of relevance. How something was said can be just as 
important as what is said. The comparisons of notes are added to the note-
taking, called coding in Grounded Theory [19, 39]. Then categories are iden-
tified and their properties. With coding, certain theoretical suggestions will 
occur.  These may be about links between categories, or about a core cate-
gory: a category which appears central to the study. As the categories and 
properties emerge, they and their links to the core category provide the re-
sult/answers. 

The primary aims in conducting these interviews were: 
1. Find out more about perceived usability. 
2. Explore underlying factors affecting usability. 



 

 

 26 

                              

The questions were very much focused around the daily use of the system. 
From the interviewee’s answers a follow-up was attempted to find out why 
they responded the way they did. The in-depth questions concentrated on the 
following areas: 
• What the opinions are based on. 
• What they would like to see instead, in case of a problem. 

Results 
Overall, the system is considered to be valuable and well suited for its pur-
pose. There were users that said they were able to use the system, but they 
still had objections to some solutions or functionality. 

The reported strengths came from the simple design and the focus on the 
task at hand.  

As always with complex functionality and large data sets, one problem 
area identified was wishes for faster response times for some operations, for 
example the video loop through a large serie of images. 

There are questions regarding certain functionality, whether it performs 
the expected way or not. The problem is not the functionality itself, but in-
stead how the functionality is calculated. An example of this is typical image 
processing functions – how the Level/Window2 (L/W) setting is calculated 
when there’s more than one image. Adjusting the L/W for a series of images 
made some users hesitate whether the same setting now was used for each 
image or not. 

Next follows the identified categories and the results from the notes 
analysis: 

Mode behavior not expected 
From a developer’s point of view, it is easier to design and implement func-
tionality that depends on the specific situation (so called mode-dependent 
behavior). For example, entering text in an editor is only possible to do when 
in the “editing mode”; printing of a web page is only possible after the whole 
page has been downloaded etc.  

Users expected the system to provide its functions without modes. If they 
know about a tool, they want to be free to use that tool independent of the 
context.  

In CHILI, there is a video tool that allows one to play a series of images 
as if it were a video. This video replay should always be available users re-
ported – not just in a video play mode. There are technical reasons or diffi-

 
2 Because medical images contain more information (in grey values) than possible to show on 
a standard display one selects a setting that best displays the wanted information. The window 
defines a range of values to map between black and white; the level indicates a value to center 
the window on. 
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culties to provide all functions in a modeless manner, but this is, from a us-
ability point of view, important aspects that are worth improving on. 

Control on decisions affects appreciation 
It was noted that users who have some control over the systems used clearly 
have a higher appreciation of the systems. Control means the user has a say-
ing when deciding what system to use, or how the system is going to be used 
and so on. 

The control did not need to be absolute in order to gain the positive effect. 
It was enough if the user had some minor input in the decision process. 

In the same way, users that are closer – by having a personal or profes-
sional relation or having a similar academic background – to the system sup-
port/developers feel they have some control. This, in turn, makes them more 
enthusiastic about the whole system. 

Skill, support and training 
The most noticeable finding is the desire to have more assistance and train-
ing. Users generally do not request or need more functionality, but are un-
sure if they know all there is to know! They are not sure they use the system 
as intended. Likewise, they are not always confident they know enough 
about what the system can do.  

The user’s guide, or manual, is available on-line within the system itself, 
as a well-formatted and indexed electronic document. It is, as most manuals, 
substantial in size (more than 200 pages long) and users hesitate to use it. 
Even if the manual has an index and it is possible to search for keywords, it 
is thought of as a printed manual and regarded not to be appropriate or use-
ful. 

The most common request was for a quick reference – a pocket guide – 
with the most frequent operations. In the same page they also requested an 
area for notes about system updates or any other new functionality. 

It was a common view that the user’s guide needed to be complemented 
with a low-tech guide for common functions. This was requested even 
though the interviewed users know and master these common functions. 
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Figure 26. The image shows the next version of the CHILI system, version 3.0, to 
be released late in 2004. We see the original layout from 1995 is still used, although 
with a lot more modern look and feel. 

Activities 
The interviewees claimed that they had no problem in finding information 
(=images) using the system. This includes organizing, searching, and brows-
ing through large collections of data. Given the amount of data available in 
the system and the many search possibilities this was surprising.  

Users reported that they are used to search for patient data, and that they 
also store data in such ways that they easily can find it the next day or week. 

Integration 
For daily use, the system is valued as an integrated part of the work. It is not 
seen as a separate tool. This is explained by the professions image-centric 
nature, and that images are so natural that images processing systems are 
integral parts of the job. 

Invisible updates 
All users were aware updates are made to the system from time to time. 
However, most changes are not directly visible. This caused some uncer-
tainty whether the updates meant something specific for them.  
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This relates to the previous issue of skill – an update to the system was 
always appreciated (as it by all users was considered to be an improvement, 
a step forward) but at the same time the update introduced an uncertainty. 
Users wondered if there was something they need to change, in using the 
system because of the update. 

The conclusion is that the system (or documentation) should contain a log 
of changes, and categorize them into purely technical issues and ones rele-
vant for a typical user. The latter being changes that has any direct conse-
quence for the user. 

Requests for enhancements 
The way requests for enhancements (RFE) were talked about resembled the 
issue of control over decisions. There was a clear connection between the 
RFEs and perceived usability; if the user got feedback (even a rejection, if 
satisfactorily explained) to his or her RFE, a positive view of the system was 
maintained. 

Conclusion 
The emphasis and focus on the medical work content when designing com-
puter support systems was proven to be a working method. 

As suggested by Landauer, the most promising factor of improvement of 
work efficiency lies in evaluation and redesign [21]. The cost (in terms of 
work effort and financial investment) of doing redesigns is low [30]. This 
aspect has been used extensively in the CHILI development. The project has 
built on a stable framework that has, more or less, remained unchanged since 
its first version. In combination with persistence and long-term iterations, the 
usability and maturity of the system is a lot easier to control and improve. 

Redesign 
The stable framework is, I argue, not a stroke of luck. The initial position 
was that usability should not be an afterthought. Testing and fixing a system 
after it has been built is inefficient and unlikely to produce good results. 
Reduced development costs (costs incurred from fixing poorly designed 
solutions) will further strengthen an approach like this. 

The used method of designing according to a number of design rules has 
helped the development team to address usability aspects. I believe this is 
important to mention, although other approaches could likely also be of help 
in the same sense. The conclusion being that good usability never happens 
by chance. Usability is seen as part of the product development process in-
stead of being a separate activity. 
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Becoming one of “them” 
The fact designers often design for themselves is a concern in any discipline. 
There sometimes is also a concealed view of users being all alike and similar 
to the designers. This is a twofold error. The designer is likely an expert on 
interaction and using computers – most users are not. The designer is rarely 
or never really insightful in the field of the developed system – the users are 
experts in this field. 

The current CHILI design is based on development and redesigns over a 
ten year long period. It is easy to think one becomes an expert in the field 
because of this lengthy involvement. However, as shown by the interviews 
there are still many things to learn about the environment where the system 
is used and what users do with the system. As designers and developers we 
must not forget we never are the users. Also, from this long development one 
can learn that software development is not a definite process, but an empiri-
cal process that requires monitoring and adaptation. So although one has a 
vision of the functionality and maybe even the end product, the vision must 
adapt to the changing and evolving requirements of the end users.  

A user-centered design approach believes in an evolutionary approach 
where requirements get continually refined based on user input and testing. 
The active involvement of users and a clear understanding of user and work 
tasks will help designers make an appropriate allocation of function between 
users and technology. 

Acknowledgements 
Thanks to all users that participated in the study. 

Anna Maria Lundin’s fund at Småland’s nation, Uppsala, provided re-
sources for the on location study in Heidelberg. 

Uwe Engelmann at CHILI GmbH handled all the practical assistance on 
site. The CHILI staff was helpful answering my many questions and demon-
strating the latest developments. 

References 
1. Bashshur R, Lovett J. Assessment of telemedicine: results of the initial experi-

ence, Aviation, Space and Environmental Medicine 1 (1977). 
2. Bashshur Rashid L. Telemedicine effects: cost, quality, and access. Journal of 

Medical Systems. Volume 19 ,  Issue 2  (April 1995). Pages: 81 – 91. 1995. 
ISSN:0148-5598. 

3. Borälv E, Engelmann U, Schröter A, Schwab M, Meinzer HP. Gell G, 
Holzinger A, Wiltgen M (eds). Requirements for a new Generation of Personal 
Digital Assistants intended for medical Use. From PACS to Internet/Intranet, In-



 

 

 31

formation-Systems, Multimedia and Telemedicine - EuroPACS 2000. Wien: 
Österreichische Computergeesellschaft (2000) 246-251. 

4. Borälv E, Göransson B, Olssson E, Sandblad B, Usability and Efficiency - the 
Helios approach to development of user interfaces, Computer methods and pro-
grams in biomedicine, supplement volume 45, December 1994, pp. 47-64. 

5. Bourka A, Polemi N, Koutsouris D. An overview in healthcare information 
systems security. Medinfo. 2001;10(Pt 2):1242-6.  

6. Card S.K, Henderson A. (1987). A Multiple Virtual-Workspace Interface to 
Support User Task Switching. In CHI ‘87 Conference on Human Factors in 
Computing Systems, (Toronto, Canada, Apr. 6-9), ACM/SIGCHI, New York. 

7. DICOM Standards Committee, Digital Imaging and Communications in Medi-
cine (DICOM). Supplement 54: DICOM MIME Type. 
http://medical.nema.org/Dicom/supps/sup54_pc.pdf. 

8. Einthoven W. Le telecardiogramme. Arch Int de Physiol 1906;4:132-164 (trans-
lated into English. Am Heart J 1957;53:602-615) 

9. Engelmann U. Schröter A, Baur U, Werner O, Schwab M, Müller H, Meinzer 
HP. The Evolution of a German Teleradiology System. In Cesnik B, McCray 
AT, Scherrer JR (eds). MedInfo '98; 9th World Congress on Medical Informat-
ics. Amsterdam: IOS Press (1998) 255-259.  

10. Greenbaum, J. and Kyng, M. (1991). Design at work, cooperative design of 
computer systems. Lawrence Erlbaum Associates, Hillsdale, New Jersey. 

11. Henderson A, Card S.K. (1986). Rooms: The Use of Multiple Virtual Work-
spaces to Reduce Space Contention in a Window-Based Graphical User Inter-
face. ACM Transactions on Graphics, Vol. 5, No 3, pp. 211-243. 

12. Huseyin Tanriverdi, Suzanne Iacono. Knowledge barriers to diffusion of tele-
medicine. Proceedings of the international conference on Information systems  
table of contents, Helsinki, Finland. Pages: 39 – 50, 1998. ISBN:ICIS1998-X 

13. Hussein R, Engelmann U, Schröter A, Meinzer HP. Implementing a full-feature 
PACS solution in accordance with the IHE technical framework: The CHILI 
approach. Academic Radiology 11/4 (2004) 439-447. 

14. ISO 9241 (1994). ISO 9241-11 DIS Ergonomic requirements for office work 
with visual display terminals (VDTs):– Part 11: Guidance on usability. Draft in-
ternational standard. 

15. ISO 9241 (1996). ISO 9241-10 Ergonomic requirements for office work with 
visual display terminals (VDTs):– Part 10: Dialogue principles. 

16. Johnson J, Roberts T.L, Verplank W, Smith D.C, Irby C.H, Beard M, Mackey K 
(1989). The Xerox Star: A Retrospective. IEEE Computer, Vol. 22, No. 9, pp 
11-29. 

17. Keinonen, Turkka (1998). One-dimensional usability - Influence of usability on 
consumers' product preference. University of Art and Design Helsinki, UIAH 
A21. 

18. Kirakowski, J. and Corbett, M. (1993) SUMI: The Software Usability Meas-
urement Inventory, British Journal of Educational Technology, 24(3), 210-212. 

19. Klein K Heinz, Myers D. Michael. A set of principles for conducting and evalu-
ating interpretive field studies in information systems. 1999. MIS Quarterly. 
Special issue on intensive research in information systems. Volume 23, Issue 1 
(March 1999). Pages: 67 – 93. Society for Information Management and The 
Management Information Systems Research Center, Minneapolis, USA. ISSN: 
0276-7783. 

20. Kodak Frequently asked questions on Teleradiology, 
http://www.kodak.com/global/en/service/faqs/faq4502.shtml 



 

 

 32 

21. Landauer Thomas K. The effect of evaluation and redesign. Conference on 
Human Factors in Computing Systems. Boston, Massachusetts, United States. 
1994. ISBN:0-89791-651-4. 

22. Lif M, Olsson E, Gulliksen J, Sandblad B. 1998. Workspaces enhance effi-
ciency - Theories, concepts and a case study. Report. No. 85, CMD. Uppsala, 
Sweden: Uppsala University. 

23. Lif M, Olsson E. Gulliksen J, Sandblad B. (1998).Workspaces enhance effi-
ciency - Theories, concepts and a case study (Rep. No. 85, CMD). Uppsala, 
Sweden: Uppsala University. 

24. Lif M. (1998). Adding usability - a case study (Rep. No. 87, CMD). Uppsala, 
Sweden: Uppsala University. 

25. Lincoln, Y.S. & Guba, E.G. (1985). Naturalistic inquiry. Sage Publications, 
California. 

26. Lind, M, Effects of sequential and simultaneous presentations of information, 
Report no. 19, CMD, Uppsala University, 1991. 

27. Lind, M, Effects of sequential and simultaneous presentations of information, 
Report no. 19, CMD, Uppsala University, 1991. 

28. MacLean A, Young R.M, Bellotti V.M.E, Moran T.P, Questions, options, and 
criteria: elements of design space analysis, Human-Computer Interaction 6, 
1991. 

29. NEMA Standards Publication PS 3.1-15. Digital Imaging and Communications 
in Medicine (DICOM). National Electrical Manufacturers Association, 2101 L 
Street, N.W., Washington, D.C. 20037, 2000. 

30. Nielsen Jakob, Landauer Thomas K. A mathematical model of the finding of 
usability problems. Proceedings of the SIGCHI conference on Human factors in 
computing systems. Amsterdam, The Netherlands. 1993. ISBN:0-89791-575-5. 

31. Nielsen, J. (1993). Usability engineering. Academic Press Inc., Boston. 
32. Nihal Fatma Güler, Elif Derya Übeyli. Theory and Applications of Telemedi-

cine. Journal of Medical Systems archive, Volume 26 ,  Issue 3  (June 2002). 
Pages: 199 – 220, 2002. ISSN:0148-5598 

33. Nygren E., Johnson M., Lind M., Sandblad B. The art of the obvious. Proceed-
ings of CHI’92, Monterey, California, May 1992. 

34. Olsson E, Göransson B, Borälv E, Sandblad B, Domain Specific Style Guides - 
Design and Implementation, Proceedings of the Motif & COSE International 
User Conference, Washington D.C. 1993, pp. 133-139. 

35. Putnam Lawrence H., Myers Ware. Five Core Metrics: The Intelligence Behind 
Successful Software Management. Dorset House, 2003. ISBN 0932633552. 

36. Schuler, D. and Namioka, A. eds. (1993). Participatory design: Principles and 
practices. Lawrence Erlbaum Associates, Hillsdale NJ. 

37. Shneiderman B. Designing the User Interface: Strategies for Effective Human-
Computer Interaction. Addison-Wesley Pub Co. ISBN: 0201694972. 1997. 

38. Stanberry B. The legal and ethical aspects of telemedicine. 2: Data protection, 
security and European law. Journal of Telemedicine and Telecare, 1 March 
1998, vol. 4, no. 1, pp. 18-24(7). Royal Society of Medicine Press. 

39. Strauss, A, Corbin, J. (1994). Grounded Theory Methodology: An Overview. 
Handbook of Qualitative Research, N. K. Denzin, and Y. S. Lincoln (eds.), 
Thousand Oaks: Sage, pp. 273-285. 

40. Susanne Bödker. Through the Interface: A Human Activity Approach to User 
Interface Design. Hillsdale, NJ: Erlbaum, 1991. 

41. Tognazzini, B. The Apple Human interface guidelines, Cupertino, CA: Apple 
Computer, 1985. 



 

 

 33

42. Van Bemmel J., Gremy F, Zvarova J. Medical Decision Making. North-
Holland. ISBN: 0444878408. 1985. 

43. William M. Newman, Better or just different? On the benefits of designing 
interactive systems in terms of critical parameters. Proceedings of the confer-
ence on Designing interactive systems: processes, practices, methods, and tech-
niques.  Amsterdam, The Netherlands, Pages: 239 – 245, 1997. ISBN:0-89791-
863-0 

44. Winters S.R., Diagnosis by wireless, Scientific American (11 June, 1921) 465. 
45. Zundel K M. Telemedicine: history, applications, and impact on librarianship. 

Bull Med Libr Assoc. 1996 January; 84(1): 71–79. 
46. Göransson B. (2001). Usability Design: A Framework for Designing Usable 

Interactive Systems in Practice. Licentiate thesis 2001-006. Uppsala University, 
Department of Information Technology. ISSN 1404-5117. 

47. Gulliksen J, Göransson B, Boivie I, Blomkvist S, Persson J, Cajander Å. (2003). 
Key Principles for User-Centred Systems Design. Behaviour & Information 
Technology, 22(2003): no. 6, 397-409 


	Design and evaluation of the CHILI system
	Abstract
	Keywords
	Telemedicine
	History
	Teleradiology
	Usage scenarios

	The CHILI system
	Origin
	Functionality

	Design of the User Interface
	Usability
	Background design knowledge
	Rationale
	Single Window
	Low cognitive user load
	No training
	Focus on important aspects


	Additional input for design
	Evaluation methods
	System Usability Scale (SUS)
	SUS questionnaire
	Results

	Questionnaire
	Results

	Interviews
	Method
	Results
	Mode behavior not expected
	Control on decisions affects appreciation
	Skill, support and training
	Activities
	Integration
	Invisible updates
	Requests for enhancements


	Conclusion
	Redesign
	Becoming one of “them”

	Acknowledgements
	References


