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Abstract 
 
 
Urologists, researchers and statisticians work with a centralized database in Stockholm containing            
more than two million prostate cancer patient records. In order to expedite the analytical process, an                
interactive visualization system was developed through the collaboration of Janssen and KTH. The             
usability of the system was measured in terms of efficiency and satisfaction. The efficiency of the                
system was evaluated by measuring task-time and the number of errors per task, and the satisfaction                
of the user was evaluated using well-established questionnaires. Through this usability evaluation,            
the system was evaluated as easy to use and understand. 
  

 



Sammanfattning 
 
 
Urologer, forskare och statistiker arbetar med en centraliserad databas i Stockholm som består av              
mer än två miljoner vårdjournaler för prostata cancer patienter. För att påskynda denna process har               
ett interaktivt visualiserings system utvecklats genom ett samarbete mellan Janssen och KTH.            
Användarvänligheten av system mättes genom hur effektivt och tillfredställande det var att använda.             
Effektiviteten av systemet utvärderades genom att mäta hur lång tid användarna tog på sig att utföra                
en uppgift, samt hur många misstag de begick medan de utförde uppgiften. Tillfredsställelsen och              
användarvänligheten av systemet utvärderades genom väl etablerade frågeformulär. Systemet         
evaluerades till lätt att använda och förstå. 
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ABSTRACT
Urologists, researchers and statisticians work with a cen-
tralized database in Stockholm containing more than two
million prostate cancer patient records. In order to expedite
the analytical process, an interactive visualization system
was developed through the collaboration of Janssen and KTH.
The usability of the system was measured in terms of e�-
ciency and satisfaction. The e�ciency of the system was
evaluated by measuring task-time and the number of errors
per task, and the satisfaction of the user was evaluated us-
ing well-established questionnaires. Through this usability
evaluation, the system was evaluated as easy to use and
understand.
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1 INTRODUCTION
1.1 De�nitions
Information visualization is a graphical representation of a
set of data one can easily interact with to carry out some
tasks more e�ectively. It has twomain components which are
representation and interaction. Representation is the map-
ping from the data to how it is displayed on the screen, while
interaction determines how the data can be manipulated
[1]. The visualization mantra “overview �rst, zoom and �l-
ter, then details-on-demand” [2] introduced by Shneiderman
provides guidelines when dealing with large and complex
data. It means that the system should �rst present the whole
dataset, then allow the user to select a smaller dataset to ex-
plore through di�erent interactions, and focus on interesting
points. J. Yi et al. [1] introduced basic interaction techniques
that include select, explore, recon�gure, encode, abstract,
�lter and connect. In order to make those interaction tech-
niques easy to perform by the user, user-centered design
methods are to be used. One of the commonly used methods
is usability evaluation. Usability is de�ned by ISO 9241-11
[3] as the “extent to which a product can be used by speci�ed
users to achieve speci�c goals with e�ectiveness, e�ciency

and satisfaction in a speci�ed context of use”. Usability met-
rics are meant to measure how easy and pleasant to use the
evaluated system is to the user.

1.2 Motivation
In Stockholm, Sweden, urologists, prostate cancer researchers
and statisticiansworkwith a patient database called STHLM0.
This database contains information on all the patients who
have been tested for prostate cancer at least once. It is made
of large tables with about two million patients and more
than four hundred variables. To make any analytical work
using this database, the user needs to go through a long and
di�cult process. The user �rst needs to clean the dataset
they want to work on in order to use it; as each value is
entered manually in the database, there can be some errors
like missing values or incoherent values. Then, they need
to have minimum coding knowledge in order to create any
query. In order to make the whole process faster and easier,
Janssen collaborated with KTH to develop a visualization
system using the data in STHLM0, called Lupa. Using this
type of system is expected to make the work of statisticians
and researchers easier than using the database directly, as
it enables exploratory analysis, and help the users better
understand patient population data. However, to make the
users start working with such a system, it should be easy
and pleasant to use, which is the reason why its usability is
going to be evaluated.

1.3 Research Question
How does the usability of a visualization system for urologists
evaluate in terms of e�ciency and ease of use for the tasks of
�ltering, searching and selecting prostate cancer cohort data?

1.4 Objective and delimitations
The objective of this thesis is to evaluate the usability of Lupa
through user-centered design methods. It will only focus on
its interface, and will not address the analytical power of the
system.



2 BACKGROUND
Asmentioned previously, a visualization system has been cre-
ated in order to make the work of clinicians and researchers
easier when it comes to analyzing a set of patients data. This
section will present the system, Lupa, in more details before
addressing di�erent usability metrics that will be used during
the evaluation and previous similar work.

2.1 Lupa
The system (Figure 1) is a web application that has been
created using a dashboard layout by presenting multiple
views of the data set. The system contains �ve panels, which
are (from top to bottom) a �ow diagram, a treemap, a map, a
parallel coordinates system and a data summary. Using the
dashboard method is of little use without any interaction
among the graphs. Techniques that should be involved are
linking and brushing, where brushing means �ltering the
data to get a smaller subset to investigate further, and linking
means exchanging information between the di�erent views
so the user can visualize the same data in di�erent forms [4].
The system can be divided into two main parts; �ltering and
analyzing.

Figure 1: Lupa

2.1.1 Filtering the data
The two �rst panels at the top of the system create a query to
the database. They �lter the whole database to get a smaller
subset of data to work on later. The left panel, or graph, is
a �ow diagram [5] (Figure 2), used to query the patients
who followed a certain patient journey from a certain date
point. Each node represents a selected stage and the edges
represent the temporal sequence. The thickness of the edges
represents the ratio of patients who followed a certain jour-
ney over the total number of patients in the queried subset.
The right panel presents a treemap, which is a space-�lling hi-
erarchical representation of categories of variables [6]. Each
category is represented as a box made of smaller boxes (or

Figure 2: Flow diagram

"sub-boxes"). Each "sub-box" represents a sub-category or a
variable if it is the last layer. The size of the boxes represents
the amount of variables each category has. The treemap has
been created from selected variables of the database, and
categorized with the help of urologists. This panel is used to
select the variables the user wants to analyze.

2.1.2 Analyzing the data
The remaining three panels are used to analyze the subset
of data that has been queried from the previous panels. The
third panel, which is the middle right one, presents a parallel
coordinates system [7] (Figure 3). It is used to display multi-

Figure 3: Parallel Coordinates System

ple variables on a 2D layout. Each variable selected from the
treemap is presented as a vertical axis, and can be interacted
with. The axes can be “brushed” to highlight a smaller range
of the axis, or zoomed on to display a smaller set of data.
By “brushing” di�erent axes and range of values, the users
can create di�erent cohorts that they can also save, making
it possible to make comparisons and discover correlations
between variables. The middle left panel is a choropleth map
centered on Stockholm county (Figure 4). The main func-
tionality of the map is to make geographical correlations.
It can be divided in municipalities or parishes, and display
di�erent layers, corresponding to points of interests. The
user can select a variable he wants to see displayed on the
map from the parallel coordinates system. The map is color-
coded in accordance with the distribution of the currently
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�ltered dataset of the parallel coordinates system. Finally,
the last panel, which is located at the bottom right, under the
parallel coordinates system, is a data summary of the cohorts
that have been saved and current �lters performed on the
queried data. It is the equivalent of the so called “Table 1”
used in the medical �eld.

Figure 4: Map

2.2 Usability
The motivation behind creating such a visualization system
is to make the analytical work of the target users easier, so
one of the most important factor to consider is making sure
that it is easy and pleasant to use. In order to make sure
that the system is suitable to the target users, user-centered
design (UCD) practices need to be applied. UCD is “a design
approach based on the active involvement of users to im-
prove the understanding of user and task requirements, and
the iteration of design and evaluation” [8].
Among the di�erent UCD practices, usability evaluation is
considered one of the most important. Traditionally, ISO
9126-4 [9] suggests that usability evaluation should include
at least e�ciency and satisfaction. E�ciency can be mea-
sured by the time taken to complete each task, or the time
taken until abortion of the task [10]. When coupled with
other metrics, the task-time can give insight on the di�culty
of the task, as a task can be easy to perform but take quite
some time to complete. Another metric to evaluate the e�-
ciency (because we are strictly not measuring e�ectiveness)
is the number of errors per task. An error in our case is
de�ned as a click that do not lead to completing the task
or an omission while attempting the task. The errors can
then be divided into categories with di�erent severity rating.

They provide excellent diagnostic information as they are
usually related to UI problems [10]. Finally, satisfaction can
be measured using standardized satisfaction questionnaires
like the System Usability Scale (SUS) [11] questionnaire or
the Single-Ease Question (SEQ) [12]. These questionnaires
take the form of Likert-scale ratings. The SEQ questionnaire
is a task-based questionnaire. For each task, the user is asked
the exact same question “Overall, how di�cult or easy did
you �nd this task?”, asking the user to rate the di�culty of
the task performed on a scale from 1 to 7, where 1 is the
hardest and 7 is the easiest. The �nal score can then be mea-
sured very easily, where an overall high score means easy
tasks. The SUS is used to measure the overall impression
of the system in the context in which it is used and its ap-
propriateness to that context. The user is asked to rank ten
statements from 1 to 5 based on how much they agree with
it, 1 being “strongly disagree” and 5 “strongly agree”. Using
the following formula, we then get a score out of 100, which
makes it easier to understand.

((oddquestion � 1) + (5 � e�enquestion)) ⇤ 2.5
The score can be graded using a F-A grading system, where
A is 80 and above, 68 is an average score and gives a C,
and below 51 is equivalent to F. The SUS questionnaire is
a validated measure of perceived usability as it is widely
applied, allowing for comparison with existing products [13].
By combining di�erent methods, it is possible to evaluate the
usability of a software both quantitatively and qualitatively.

2.3 Related Work
Some similar visualization systems have previously been
developed regarding prostate cancer. One example is the sys-
tem developed by J. Bernard et al. [14]. This system has been
designed for the strati�cation and analysis of prostate can-
cer cases. Similar to Lupa, this system uses prostate cancer
patients histories as a baseline to compare cohorts and make
correlations. The main visualization of the system shows a
cohort of patients histories in a bar graph where each bar
represents a patient history. The bars are divided into three
color-coded phases (green, yellow, red) which length rep-
resents the duration of the phase. A visual aggregation (or
“visual �ngerprint”) of the current cohort is also presented to
facilitate comparisons between di�erent cohorts, as a history
of previous selections is also displayed. The second part of
the system is the visualization of the distribution of di�er-
ent patient attributes using bar charts. Each bar is a cohort
selector, and the distribution of the selection is highlighted
for each attribute. While this system o�ers a more detailed
patient journey across time than Lupa, making correlations
through variable analysis is harder because of the division
into several small bar charts and the distribution of those
charts across the system.
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On top of this system, di�erent types of interactive visu-
alization systems have been created to explore and query
electronic health records. Some of these systems have been
compared and analyzed by A. Rind et al. [15]. Those systems
are mainly focused on the temporal variable of the data, as
they aim to visualize the patient’s journey. Among those, we
are interested in the ones who support multiple variables
and multiple patient records. Out�ow [16] presents a similar
display as the �rst panel of Lupa as it shows event sequences
in a cohort through a �ow diagram. The size of the nodes
represents the number of patients who went through that
speci�c stage, and the length of the edge is the time between
two events. Lifelines2 [17] is a system designed to search
and explore event sequences in multiple records. Each pa-
tient is stacked vertically and can be aligned by a speci�c
event, making it easier to spot temporal trends in a group
of patients. Users can also interact with the system to �lter
records or select particular sequences.
Both systems focus on presenting cohorts of patients in away
that highlights di�erent time sequences along the journey.
Lupa, on the other hand, allows geographical correlations
and focuses on correlations between the di�erent variables.

3 METHOD
This section describes the methods used in order to answer
the research question. Before the actual evaluation of the
system, a workshop using a beta version of the system was
held in order to observe how the user would use the system.
The user study was performed after that on the �nal version
of the system, after some small adjustments had been made
based on their actions and feedback.

3.1 Workshop
The workshop was conducted at Karolinska Institute, Stock-
holm Sweden, in the department of Medical Epidemiology
and Biostatistics (MEB) with 12 participants, including statis-
ticians and urologists. After a short presentation of the sys-
tem, the participants were paired up and given a laptop on
which they could freely interact with the system. The work-
shop was supervised by four presenters walking around the
room to observe and answer any questions the participants
had.

3.2 Improvements to the system
The main improvement to the system between the workshop
and the actual study was the addition of an instructions pop-
up window explaining the purpose of the system and show-
ing videos presenting step-by-step how to use the system.
As a matter of fact, during the workshop, it was observed
that the participants tried to play around with the empty
map �rst, but ended up not using it once a subset of data had

been selected, because they “don’t know what’s the point of
it” or how to display information on it.

3.3 User study
3.3.1 Participants and experimental environment
A user study has been conducted to evaluate the usability
of the system. Eight participants, aged between 24 and 28
years old, took part in the study. Three of the participants
had some previous experience with information visualization
while the others had none. All of themwere healthy students,
comfortable with using a computer and its di�erent type of
inputs. The study was conducted in a quiet room, on a laptop
with a 13” screen using Google Chrome as the web browser.
Interactions with the software were done with the laptop’s
keyboard and its own built-in touchpad. For con�dentiality
purpose, the evaluation was not run with the real data but
with randomly generated data, however keeping the original
data type for the di�erent variables.

3.3.2 Pilot
A pilot test was conducted before the formal test in order to
test the e�ciency of the system, as well as the task-�ow of
the script. Two participants took part in the pilot test. At the
end of the pilot study, two additional steps were added to
the �nal script: creating a second cohort and displaying both
created cohorts on the parallel coordinates system. These
steps were added to show the user how it is possible to
compare di�erent cohorts and make correlations using the
parallel coordinates system.

3.3.3 Study design
The study was within-subject with all the participants being
subjected to the exact same script and system. All the evalua-
tions were recorded (both video and audio) for later analysis.
Before starting the evaluation, the participants were infor-
mally asked about their experience with visualization, then
they were explained how the evaluation would go. Follow-
ing, they were presented with the tasks they would have
to perform (Appendix A), before being handed the laptop
with the system already prepared. The system opens on an
instruction pop-up which they are not obliged to read. At
the end of the evaluation, two forms were given to them in
order to assess their thoughts. The �rst one is a SEQ form
about the tasks, and the second is a SUS form (Appendix B).
Once the forms were completely �lled, the participants were
asked to create their own query using the two �rst panels of
the system, while having a free discussion.

4 RESULTS
The results section consists of quantitative results and quali-
tative results. The quantitative data consists of the time spent
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Table 1: Mean and standard deviation of task time

Task Mean (s) Standard deviation (s)

Task 1 20.1 10.0
Task 2 62.0 11.4
Task 3 46.9 41.6
Task 4 22.0 14.4
Task 5 5.9 2.7
Task 6 17.0 15.2
Task 7 22.4 20.0
Task 8 1.6 0.7
Task 9 14.4 9.1

on each task, the number of errors performed for each task,
and the calculated scores of the two forms. The qualitative
data contains observations during the user study. The tasks
that are considered are the following:
(1) Creating a patient journey in the �ow diagram
(2) Selecting �ve given variables in the treemap
(3) Filtering a certain range on an axis of the parallel co-

ordinates system
(4) Zooming on the �ltered range
(5) Save the �ltered data
(6) Coloring the map from a selected variable
(7) Display hospitals (a layer) on the map
(8) Change the map view
(9) Export the data summary

4.1 Quantitative results
This section will present quantitative results from the task
time measurement, the number of errors the participants
made while performing the tasks, and the calculated scores
of the two forms.

4.1.1 Task completion
While all the tasks were successfully completed, three par-
ticipants out of eight failed or aborted the third task, which
gives it a completion rate of 62.5%. One participant aborted
the task, stating “I really don’t understand how to do that”,
while the other two participants failed the task, �ltering a
di�erent range than what was speci�ed. However, all the par-
ticipants successfully completed that same task the second
time they were asked to perform it.

4.1.2 Task time
During the evaluation, the time each participant took to
complete the tasks was measured, or the time taken before
aborting the task. The mean and standard deviation of those
times are presented in Table 1 for each task. Looking at the
mean time spent by the participants on each task, task 2 took

overall the most time (62 seconds), followed by task 3 (46.9
seconds); while tasks 5 and 8 were the shortest ones with a
task time below 10 seconds. On another hand, the standard
deviations show that task 3 was the one with the most dis-
parity among the participants with a standard deviation of
41.6 seconds. Tasks 2, 4, 6 and 7 have a standard deviation
between 10 and 20 seconds which is also quite high relatively
to the mean time. Task 8 is the most homogeneous one with
a standard deviation below 1 second. A more detailed view
of the participants task time is visible in Figure 5, which con-
�rms the results presented in Table 1. Despite task 2 taking

Figure 5: Task time (s) of each participant

overall the longest time, all participants took a similar time
to complete it, between 60 and 80 seconds, meanwhile task
3 shows a big disparity. While three participants took less
than 10 seconds to complete it, the other participants took
more than 40 seconds. Disparities are also visible for tasks 4,
6 and 7 but the gaps are not as big as in task 3. However, this
task was performed twice, as the script suggests to compare
cohorts. Figure 5 only presents the time taken to complete
the task the �rst time, as we are interested in their �rst im-
pression. The time each participant took to complete the task
the second time is presented in Figure 6, where both times
can be compared. All the participants successfully completed
the task, as compared to the �rst time, and all of them took
signi�cantly less time when performing the second time,
with an average time of 3.1 seconds.

4.1.3 Number of errors
The number of errors represents all the clicks that did not
lead to completing the given task, or omissions while at-
tempting the task. The accumulated amount of errors for
each task is presented in Figure 7. Tasks 3, 5 and 8 are all
tasks that require a minimum of two clicks to be completed,
but there is a big di�erence in the amount of errors each task
generated. Task 3 generated the most amount of errors (56 in
total), meanwhile nobody made any errors when completing
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Figure 6: Comparison of task time between the �rst
and second time task 3 is performed for each partici-
pant

Figure 7: Total amount of errors per task

tasks 5 and 8. Tasks 4 and 7 also generated a relatively big
amount of errors with respectively a total of 39 and 31 errors.

4.1.4 Single-Ease�estion (SEQ)
The SEQ form asks the same question “Overall, how di�cult
or easy did you �nd this task?” for every task performed, and
the answers are graded from 1 to 7, where 1 means “very dif-
�cult” and 7 “very easy”. A higher score thus means the task
was easy. The participants’ average results are presented in
Table 2. The scores hover between 5.0 and 6.6, which is quite
good for a 1-7 scale. This shows that overall, the participants
found the system easy to use. To get a more accurate idea of
the di�culty of each task, the average SEQ result of each task
is presented in Figure 8. Despite the system rated overall as
easy to use, task 3 is rated as a harder one, with an average
result of 4.4, followed by tasks 7 and 4. An interesting point
to bring up regarding this form is the di�erence of answers
between the participants with experience in visualization

Table 2: Average SEQ result for each participant

Average result

Participant 1 6.2
Participant 2 6.1
Participant 3 6.4
Participant 4 5.8
Participant 5 6.6
Participant 6 5.1
Participant 7 6.3
Participant 8 5.0

Figure 8: Average task results of SEQ

and the ones with no prior experience. Figure 9 compares the
average score of those two categories for each task. Overall,

Figure 9: Comparison of SEQ results for each task be-
tween participants with prior experience in visualiza-
tion and participants without any prior experience

the participants with prior experience in visualization found
the tasks easier than the participants without any prior ex-
perience, but the di�erence in answers is not very big (less
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Table 3: Result of SUS per participant

SUS score

Participant 1 75
Participant 2 95
Participant 3 85
Participant 4 75
Participant 5 80
Participant 6 67.5
Participant 7 77.5
Participant 8 87.5
Average 80.3

than 0.5 on average). The biggest di�erence concerns task
3, where participants with prior experience rated it 7 (very
easy), while the other participants rated it 2.8 on average
(di�cult), which gives a di�erence of 4.2.

4.1.5 System Usability Scale (SUS)
Every participant was subjected to the SUS form (Appendix
B) at the end of the evaluation. All the results are presented
in Table 3. Odd number questions are positive statements
so a highly rated answer is better, meanwhile even number
questions are more negative statements where a low rated
answer is preferred. The answers are scaled from 1 to 5
where 1 is “strongly disagree” and 5 is “strongly agree”. The
�nal score of the SUS questionnaire for the participants is
presented in Table 3. A �nal score above 68 shows that the
system is above average, while a score above 80 equals a top
score (equivalent to A on a F-A grade scale). In our case, only
one participant graded the system as below average (67.5),
while four participants graded it as very good. However,
the �nal average score of the system (80.3) shows that the
system can still be considered acceptable, despite presenting
some di�cult tasks. All the answers to the SUS form are
presented in Table 4. Overall, the answers don’t show big
variations across participants. However, we can see that
one participant had more di�culties than the others as his
answers vary the most from the others’. Those di�erences
concern mainly questions 4 and 9, which are respectively “I
think that I would need the support of a technical person to
be able to use this system”, which was rated as 5, and “I felt
very con�dent using the system”, which was rated as 2.

4.2 Qualitative results
The qualitative results present categories of di�culties ob-
served and some other observations noted during each eval-
uation.

4.2.1 Categories of di�iculties
While completing the evaluation, the participants showed
similar issues when performing the tasks. Those issues relate
to di�erent parts of the system, and can be divided into
four main categories. They concern mainly the treemap,
the parallel coordinates system and the map. Here are the
di�erent categories that were revealed:

• Going back to a parent category in the treemap
• Filtering an axis in the parallel coordinates system
• Coloring the map from a selected variable
• Displaying hospitals on the map

Regarding the treemap, three out of the eight participants
showed di�culties going back categories in the treemap at
�rst, directly asking “How do I go back?”. Also, after �nding
the right button, two of them did not realise immediately
that the treemap only goes back one parent category at a
time. About the parallel coordinates system, as previously
revealed by the task completion (4.1.1), the main problem
was understanding how to create �lters on the axes. Then
three of the participants showed di�culties �nding how to
color the map from a previously selected variable. As stated
in the task statement, the participants would �rst explore the
map panel to �nd this option, rather than stay in the parallel
coordinates system’s panel where one can color the map
using the drop-down next to each axis name. Finally, half the
participants could not �nd the option to display hospitals on
the map despite hovering on the di�erent options’ icons.

4.2.2 Further observations
Apart from the script, the participants were also asked to
create their own cohort while having a free discussion about
the system. The purpose of this step was to let them explore
the “design” part of the system without having any speci�c
indications. None of the participants showed any di�culties
regarding this part. To create a new patient journey in the
�rst panel, 6 of the participants used the “Reset” button to
completely empty the graph, while the other two interacted
with the stages that were previously in the graph, moving
them around and selecting/deselecting stages. The results
were similar for the treemap. While three participants emp-
tied the whole list, the others only removed some variables,
replacing them with new ones. As the variables to select
were not given this time, the participants spent a bit more
time on this graph than the previous time to explore it, but
showed no di�culties going from one category to an other.
While performing those two tasks, the participants were
asked whether they understood the purpose of those panels.
All the participants stated they understood, saying “you cre-
ate a journey you want from a certain point in time, and you
can see the distribution of patients who followed it”, and the
treemap is to “select interesting information to analyze”.
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Table 4: Results of SUS questionnaire

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10

Participant 1 4 3 5 3 5 2 4 2 3 1
Participant 2 5 1 4 1 5 1 5 1 4 1
Participant 3 4 2 4 1 5 1 4 2 5 2
Participant 4 4 2 4 2 4 2 4 2 4 2
Participant 5 4 2 4 2 5 1 3 1 4 2
Participant 6 4 1 4 5 4 2 5 3 2 1
Participant 7 5 3 4 2 4 1 3 1 4 2
Participant 8 4 1 5 1 4 2 4 1 4 1

5 DISCUSSION
Following the results presented previously, we can detect
a few problems regarding the system that are going to be
discussed below.

5.1 Di�culties during the evaluation
5.1.1 Parallel Coordinates System
As shown by the results, the biggest di�culty most of the
participants encountered was manipulating the parallel coor-
dinates system, especially �ltering a certain range of an axis
in order to reveal new information (task 3). While the three
participants who already had experience with information
visualization rated the task as very easy (7 in the SEQ form)
and completed the task in less than 10 seconds, the other
participants had a very hard time understanding it, rating it
2.8 on average in the SEQ, and spending over 50 seconds for
those who completed it successfully. One hypothesis about
such a result is that the action considered here is similar to
drawing on the graph, as the user needs to draw a rectangle
on the axis in order to highlight a range, which is less obvi-
ous to the subject than clicking or dragging. As a matter of
fact, the �rst sequence of action of the participants without
any experience in the parallel coordinates system is to click
everywhere on the graph, whether it is somewhere on the
axes or on the drop-down buttons. A way to �x that could be
to put a default �lter on each axis covering its entire range,
and the user will only have to resize it. But doing that would
limit the options the system can o�er, like multi-brushing
on one axis. Despite the di�culty, the study showed that
the learning curve concerning this particular system was
exponential, as all the participants successfully managed to
complete the task the second time, with an average task time
of 3 seconds.

5.1.2 Lack of indications
A second issue revealed during the used study is the the lack
of indications or the lack of relevant icons. This problem
was �rst visible when interacting with the treemap, as some

participants spent some time �nding the back button. All
the participants �rst hovered on the “undo” button, as it is
represented by an arrow pointing backwards, but only one of
them clicked on it despite it having a tooltip stating “Undo”.
The back button also has an icon, which is an unzoom icon
(a magnifying glass with a minus sign inside), but does not
have any indicating tooltip. Also, the location of the button
itself is not straightforward, as it is the thin white bar on top
of the treemap, where the categories hierarchy is displayed.
A possible way to remedy the problem would be to �rst add a
tooltip indicating the bar’s functionality, and second to facili-
tate recognition by increasing its contrast to the background.
Despite this small issue, the treemap was found to be very
easy to use, as it was given an average SEQ score of 6.6. A
similar issue was brought up again when the participants
were asked to display maps on the hospital (task 7). This task
was rated second most di�cult, with an average SEQ score of
5.1, one participant even rating it 2. To perform this task, the
user needs to click on the “Layers” icon (also indicated by a
tooltip), which then opens a submenu with the hospital icon.
Half the participants showed di�culties understanding the
“Layers” was used to then display hospitals. This problem can
be attributed to a lack of knowledge concerning Geographic
Information System (GIS) [18], as they did not know that
any spatial dataset displayed on the map was considered a
“layer”. Upon clicking the button, two of the participants did
not recognize the hospital icon (a thick cross inside a darker
shaded square). Similar to the treemap, one way to remedy
this problem is to add a tooltip to each layer icon inside the
layer’s submenu.

5.2 Methodology problem
5.2.1 Participants
Initially, the demographic for the study was supposed to be
researchers, clinicians and statisticians within the relevant
�eld as it is a system visualizing patients data. Due to the
nature of the data, medical terminology was used in all parts
of the visualization system, therefore having participants
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with a medical background could improve the usability since
the terms and relations between variables would make more
sense. During the development of the system, the initial
demographic was part of the user centric design process,
and this same demographic could have been used during
the evaluation. However, considering that we want to eval-
uate the e�ciency of the system, having participants who
helped design it for the evaluation would give skewed results.
Therefore they were not included in this study. Due to the
time constraints of doing this project for both a third party
company but also as an academic project, it was di�cult to
acquire available participants that were part of the targeted
demographic but that also never came in contact with the
system at all. This is why the chosen demographic was used
instead. The bene�ts of having students as participants is the
convenient sampling method, but also their above basic un-
derstanding of computers. This meant that we did not have
to teach the users how to operate a touchpad for example,
and they were familiar with di�erent inputs like dragging.
However, there are obviously negative parts to the above
basic understanding of how to operate computers. Part of
the demographic is considered to possess similar computer
knowledge, especially statisticians, as the work they perform
daily is done on computers. That is not the case for the whole
demographic, like clinicians for example. The biggest part of
their job is to work with patients rather than with computers,
so the use of computers in their professional life is limited
to repetitive tasks (like inputting patients information in the
database). Since we want to measure e�ciency in an objec-
tive manner the familiarity with the chosen hardware of this
study could impact the results.

5.2.2 Data
The data used in the study was randomly generated data,
however respecting each variable’s original data type (ordi-
nal number, binary number or date). The amount of data to
be displayed was also limited to 20 000 records in order to
reduce the load on the software. Given the original database
has more than two million rows of data, the amount of data
a single query returns can be enormous. The system being a
web application as of now, a huge amount of data can greatly
impact its overall performance, thus reducing its usability.
Most of all, the parallel coordinates system, which has al-
ready been evaluated as relatively di�cult to use, would see
its performance greatly decrease. Not only are all the queried
data loaded inside that system, it also reloads at any interac-
tion, whether it is �ltering a range of an axis or zooming on
�ltered data.

5.3 Future research
The usability evaluation showed that the system was rela-
tively easy to use, despite some di�culties around the parallel
coordinates system. However, the results also demonstrate
an exponential rise in the learning curve concerning this
particular graph. As the amount of participants during this
evaluation is relatively low and the demographic was dif-
ferent than the targeted one, further evaluation would be
necessary in order to get a better idea. However, as easy
to use as Lupa can be, another point to determine is the
analytical power of the system. Lupa is used to create co-
horts of patients and make correlations between variables
in order to understand the problem of overtreatment and
undertreatment of prostate cancer patients. As it is meant to
be an analytical tool to be used by clinicians and researchers,
whether it displays the data correctly and whether it actually
helps create new hypotheses or not should be thoroughly
evaluated.

6 CONCLUSION
Lupa was developed by Janssen and KTH in order to help
urologists, statisticians and researchers analyze prostate can-
cer patients data in Stockholm, Sweden. The traditional way
to analyze the data by interacting with the database directly
was time-consuming and not user-friendly. Lupa introduced
a new way to analyze the data by o�ering a graphical rep-
resentation of the data. To ensure that Lupa was more user-
friendly than the traditional methods, a usability evaluation
was performed where we measured the e�ciency and ease of
use of the system. We purposely chose to omit the evaluation
of e�ectiveness (and thus analytical power) of the system.
The evaluation of e�ciency was done according to proven
methods of measuring time per task and the number of errors
per task. The satisfaction was measured using well estab-
lished questionnaires; namely the SUS and SEQ. In terms of
e�ciency, participants spent a similar amount of time on
each task and a few recurring problems were observed. How-
ever, looking at the satisfaction metrics, the results showed a
high degree of satisfaction, with an average score of 80.3 on
the SUS questionnaire, which evaluates to "A" on a F-A scale.
The SEQ questionnaire also showed that the tasks were rela-
tively easy to perform with average scores above 4.4, despite
the few errors that were made.
The results show that using modern visualization techniques
can lead to more user-friendly and e�cient control of large
amounts of cohort data. Future researchers should take ex-
tra care when selecting sampling method and subsequently
demographic to get the most relevant results of their evalua-
tions.
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A SCRIPT
1. De�ne your cohort
a. Put the stages PSA Test and Biopsy in the �ow dia-

gram
b. Uncheck Alive
c. Select the dates from 2001 to 2003

2. Select your variables
a. Prostate Cancer > Tests > PSA > PSA Antigen
b. Prostate Cancer > Tests > Biopsy > Has a Biopsy

been taken
c. Socioeconomic > Status > Total Yearly Income
d. Prostate Cancer > Men with cancer > Gleason sum
e. Hereditary > Family member with PC

3. Get data
a. Click on Load Data
b. Enter 20000 records

4. Analyze your data
a. Filter Has a biopsy been taken 0 in the parallel coor-

dinates
b. Save the cohort (give any name)
c. Filter Has a biopsy been taken 1 in the parallel coor-

dinates
d. Save the cohort (give any other name)
e. Zoom in Has a biopsy been taken 1
f. Select both created cohorts
g. Color the map with Total Yearly Income

5. Map
a. Display hospitals on the map
b. Change to parishes view

6. Data summary
a. Export the table as a csv �le

B SYSTEM USABILITY SCALE
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
4. I think that I would need the support of a technical

person to be able to 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 system very quickly
8. I found the system very cumbersome to use
9. I felt very con�dent using the system
10. I needed to learn a lot of things before I could get going

with this system

10



www.kth.se

TRITA -EECS-EX-2019:112


	Abstract
	1 Introduction
	1.1 Definitions
	1.2 Motivation
	1.3 Research Question
	1.4 Objective and delimitations

	2 Background
	2.1 Lupa
	2.2 Usability
	2.3 Related Work

	3 Method
	3.1 Workshop
	3.2 Improvements to the system
	3.3 User study

	4 Results
	4.1 Quantitative results
	4.2 Qualitative results

	5 Discussion
	5.1 Difficulties during the evaluation
	5.2 Methodology problem
	5.3 Future research

	6 Conclusion
	References
	A Script
	B System Usability Scale

