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Summary 
This is a report on a formal usability test that was executed for Nucletron. Nucletron 
is a leading company in the production of high-tech medical equipment and software 
for cancer treatments, especially brachytherapy. Part of their mission is to produce 
innovative and high quality products that will satisfy their customers. In order to 
know if their software is indeed satisfying to the user a usability test was needed. 

This project will deliver two main items for Nucletron. The first is a guideline on how 
to design and execute a usability test. Although this test was focused on two 
functionalities from the brachy module in the Masterplan software, these guidelines 
can be used for any usability test. Secondly, specific recommendations to improve the 
usability of the new brachy module in Masterplan are provided. 

The focus of this test was a prototype program to simulate 3D-backprojection of rigid 
catheters and the DVH functionality in the brachy module. Users with different 
nationalities, jobs and experience levels have participated in the test. Their actions 
were recorded from the computer screen and in addition they were filmed to capture 
their comments and facial expressions when using the software. The results were later 
reviewed and analyzed by using professional usability software from Noldus. 

In this test a total of 49 problems were identified. These were subsequently ranked by 
importance, using 'Impact on usability', 'Impact on workflow' and the number of user 
comments as indicators. The most important problems identified were 

2D vs 3D back-projection 
Values from protocol in DVH 
CreateDVH 
'Selection tool' initially active 

To improve the problems that were found during the analysis a workshop was 
organised. This workshop included people from different departments within 
Nucletron, so input from different perspectives could be given. The workshop was led 
by a usability expert from a Cap Gemini. 

Before the workshop the most important problems from the ranked list were grouped 
into nine areas of interest. These areas are 

Controls 
Default values & preferences 
Naming and positioning 
Dose Volume Histograms 
DVH Selection tool 
2D vs 3D back-projection 
Controls within 3D 
Visibility within 3D 
Automatic back-projection 

The results of this workshop are summarized in appendix 6 of this report. 
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1. Introduction 
This chapter will provide some background information that can be useful to 
understand the concepts used in this report. 

1. 1 Outline of the report 
The report will start with an introduction to familiarize the reader with the company 
background and the research topic. In the second chapter the scope of the assignment 
and the problem will be defined and research questions will be provided. The third 
chapter will discuss in detail what the methodology for this assignment will be, 
referring back to existing literature. The fourth chapter will report on the findings 
from this study and the last chapter will provide conclusions with recommendations 
and discussion. The next few paragraphs will introduce the company and its activities. 

1.2 Nucletron 8. V. 
Nucletron is a Dutch company specializing in the development and production of 
medical equipment for the treatment of cancer. In addition to this they also develop 
and sell treatment planning software and simulation products. Nucletron was 
established in 1975 as a family owned enterprise and has grown throughout the years 
to become a world leader in their field with over 20 offices worldwide. The head 
office is located in Veenendaal, The Netherlands. 1 

Nucletron's main products include so-called afterloaders, relatively small equipment 
that is used for the storage and administration of radioactive seeds in brachytherapy. It 
also includes simulators, which are large machines used to conduct scans on a patient 
and to simulate radiation treatments. And finally they also sell treatment-planning 
software, integrating all the different aspects of cancer treatment in one flexible 
software package. All of these products and their uses will be explained in more detail 
in the introduction. 

1.3 Cancer treatment 
There are three main methods used for curing cancer nowadays. These methods are 
surgery, chemotherapy and radiation therapy. If a tumor is very localized and does not 
include indispensable organs a physician may choose to surgically remove it from the 
patients body. However, this is impossible in many cases, so additional methods are 
used. Even when a tumor is removed by surgery additional methods are used to 
destroy any tumor cells that may have been left inside the body of the patient. A 
patient may be treated with chemicals to destroy the tumor, or radiation from a 
radioactive source can be used. Sometimes these methods are used in conjunction to 
improve their effect. 

There are two principal ways of delivering radiation to a patient. The first method is 
called external beam treatment. In this case radiation is produced by a linear 
accelerator and directed at the patient's body. The second method is called 
brachytherapy. This method will be discussed in more detail in paragraph 1.4, since it 
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is of main interest for this study. In the next paragraph the history of cancer treatment 
will be summarized. 

1.3.1 History of radiation therapy 
This part of the report will focus on the history of radiation therapy only, because the 
other treatment methods are outside the scope. Radioactivity was first discovered by 
Henri Becquerel in 1896, but many scientists of that time became interested in the 
new field of study and have contributed to a greater understanding of the 
phenomenon. Already soon after the discovery of radioactivity certain people started 
using it for treating cancer. In 1906 the Radium Biological Laboratory was 
established in Paris. After the first world war several different schools for 
radiotherapy were established and gradually knowledge about correct treatment 
protocols was accumulated. Throughout this time there was also a shift from natural 
radioactive isotopes like radium to artificial isotopes. The most widely used isotope 
nowadays is Iridium-192, with a half-life of approximately 74 days.2 

The treatment of cancer with radiation is based on the property of healthy tissue to 
regenerate faster than tumor cells from damage done by the radiation. Because of this 
property it is possible to deliver doses of radiation that are lethal to cancer cells but 
will not seriously or permanently damage the healthy tissue. Radiation from a 
radioactive source will destroy the DNA inside a cell's nucleus and prevent that cell 
from further division. However, even though the DNA is damaged or destroyed 
almost instantaneously the cell itself will only die during the next division, which may 
take up to a month. 3 

1.4 Brachytherapy 
Brachytherapy is derived from the Greek prefix brachy, meaning "close by" or 
"short". The word refers to the method of treatment, bringing a radioactive source 
within a close distance or even inside of a tumor. This can be accomplished by 
various means, depending on the type of cancer. 

1.4.1 Different kinds of brachytherapy 
There are three different ways to deliver the radiation source in the vicinity of a 
tumor. The first method, called intracavitary treatment, makes use of existing body 
cavities in which an applicator containing the radioactive source is inserted. The 
second method is called interstitial treatment and in this case small hollow catheters 
are inserted in the patient. This is done in the surgery room. The radioactive source 
can be transported through this hollow catheter by a wire. The third method is the 
simplest one. It is named surface treatment and this method makes use of preformed 
moulds that are applied to the skin surface of the patient to treat skin cancer for 
example. 

Brachytherapy can also differ in the intensity of radiation produced by the source. 
There are currently three different methods in use, called Low Dose Rate (LDR) 
treatment, High Dose Rate (HDR) treatment and Pulsed Dose Rate (PDR) treatment. 

A final distinction that can be made between brachytherapy treatment methods is 
temporary vs. permanent treatment. Temporary brachytherapy places a radioactive 
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source in the vicinity of a tumor by use of a natural body cavity or inserted hollow 
catheter. The source is allowed to dwell in certain positions for a predetermined time 
and subsequently retracted out of the patient and stored away. In permanent 
brachytherapy radioactive seeds with a short half-life are inserted in the body of the 
patient. These seeds will stay inside the patient's body even after they have lost their 
radioactivity. 

1.4.2 Methodologies 
Brachytherapy can be used to treat cancers on various places throughout the body, 
such as the prostate, the cervix, breasts, gallbladder, head and neck and the uterus. In 
the past various methodologies were developed in order to standardize brachytherapy 
treatment. These methodologies prescribe a certain distribution of the radioactive 
sources throughout the tumor to ensure a homogenous dose distribution. If the sources 
are not aligned correctly so-called "hot" or "cold spots" can exist and there is a risk 
that healthy tissue will die or that cancerous cells will survive the treatment. In 
addition to the prescription for locating sources the methodologies also provide a 
method for calculating the total delivered dose. And finally they provide a guideline 
for the physician about the total dose needed to kill a tumor. 

Various accepted systems are the Paris system, the Stockholm system, the New York 
system and the London system. All these systems provide certain rules for the 
minimum and maximum distance between catheters and about the geometry of the 
catheters inside of the tumor. Calculation of the delivered dose has been standardized 
according to the formalism advised by the American Association of Physicists in 
Medicine (AAPM) Task Group 43 [R. Nath et al.]. 

1.5 Treatment planning 
With the advance of computer technology the possibility to simulate treatments and to 
optimize dose delivery was introduced to the medical profession. Nowadays every 
hospital uses computer programs to aid in the development of a treatment plan. By 
using special software a physician can create a plan that minimizes the radiation 
exposure of vulnerable organs and maximizes the dose on the tumor. Nucletron sells a 
treatment planning program with different modules for external beam treatment and 
brachytherapy treatment. This program is called Oncentra Masterplan. 

1.5.1 Treatment planning workflow 
There are several steps needed to produce such a plan. The first step is to acquire an 
image of the patient's body and the inserted catheters or applicator. There are a 
variety of methods available, like traditional X-ray imaging, CT scans, MRI scans or 
PET scans. 
The second step is to import these images into the treatment planning software. The 
planner can now use the software to draw outlines of vital organs and of the tumor or 
the area that has to be treated. This gives the program a 3 dimensional space that 
includes 3D shapes of the organs. 
The next step is to define the shape and position of the catheters or applicator in 
relation to these organs. After the planner has provided information about which 
positions inside the catheters are active dwell spots for the radioactive seed it becomes 
possible to make calculations that show the total or average dose absorbed by a 
particular volume. 
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1.5.2 Forward planning 
There are several tools available in the software program for optimizing the dose 
distribution. With existing treatment software a planner can tell the program to 
calculate a plan that will deliver the required dose to the tumor. Although this method 
optimizes the dose to the target (tumor) other constraints from the medical protocols 
mentioned in the previous paragraph are not taken into account. After this plan is 
calculated several evaluation tools can be used to check if these constraints are met 
and if there are any vulnerable organs that will receive too much radiation. The two 
most important evaluation methods are isodose lines and Dose Volume Histograms. If 
there are problems the planner can manually adjust the settings of his choice to 
improve the plan. The software will then recalculate the plan. There can be several of 
these cycles before an acceptable plan is produced which means that the planner has 
to use Dose Volume Histograms often. The brachytherapy module has a large 
assortment of different optimisation tools for forward planning. Examples are 
geometrical optimisation, optimisation on dose points and graphical optimisation. 

1.5.3 Inverse planning 
A second method is to specify the desired dose on the tumor as well as the constraints 
from medical protocols on the maximum dose received by surrounding organs. In 
addition, different weights of importance can be assigned to each target and to each 
constraint. The program will then calculate a treatment plan for the given situation. 
This method is called inverse planning. The most important difference with forward 
planning is that in this case the input for the program are the values of the criteria 
from the protocol themselves. With forward planning the input consists of a region or 
certain points that should receive at least 100% of the prescribed dose and the user of 
the program should check if the resulting plan matches the criteria from the protocol. 
The advantage of this method is that it requires less work from the human planner 
compared with forward planning as described above. Dose Volume Histograms are 
used less often because most of the time the planner only needs to check the criteria 
once. The brachytherapy module also includes a tool for inverse planning called 
IPSA. This is an acronym for Inverse Planning using Simulated Annealing. 

1.5.4 Evaluation 
In the final step the planner evaluates the optimized treatment plan. The most 
important tool for this is the Dose Volume Histogram. This is a graph that shows the 
level of radiation on the horizontal axis and the volume of a body structure on the 
vertical axis. The graph can be used by physicians to evaluate if a certain area or 
organ will receive too much or too few radiation. 

It is of great importance that the above steps can be executed carefully but quickly. 
The reason for this is that a treatment plan can only be made after the catheters or 
applicator is inserted in the patient. This means that the treatment has to start as soon 
as possible to minimize discomfort to the patient. In addition, it is possible that the 
relative position of the applicator with respect to the organs will change if the patient 
moves too much. Therefore one of the main goals of this usability study is to come up 
with new ideas to reduce the working time for the planner. The main areas in which 
progress can be made are back projection of catheters and DVH functionality. These 
topics will now be explained in more detail. 
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1.5.5 Back projection 
There are several different types of catheters and applicators. Some catheters are 
flexible and can take any desired shape while others are rigid metal needles. Catheters 
are usually used for interstitial implants. Applicators on the other hand are mainly 
used for intracavitary treatments. They can have a completely rigid structure or they 
can consist of multiple rigid catheters that are connected to each other with certain 
small degrees of freedom. 

The usual method for reconstructing the shape of a catheter is to draw this shape in 
the image by clicking on the positions in the CT images where the catheter is shown. 
This is a very laborious process. For rigid catheters a second method of reconstruction 
exists. This method is called back projection. 

Because the shape of these applicators is known beforehand and because this shape is 
the same for every treatment it doesn't make much sense to have the planner 
reconstruct this shape again for every new patient. Therefore the program can store 
this shape and the user can reload the appropriate model when needed. This 
functionality does exist in Plato, but with a few shortcomings. The shape of model is 
completely fixed while the actual applicator can rotate around several axes. In 
addition, the shape of the model is stored in 2D and can only be imported correctly if 
the CT image of the patient is properly aligned. 

Improving the functionality of back projection could potentially save a lot of time in 
the workflow of the end user. In addition, having to reconstruct the same known shape 
again for every patient is annoying for the user. The clinical expert ofNucletron and 
some end users who were questioned about this subject came up with an idea for 
backprojection in 3D. This is not yet implemented in the software and therefore a 
prototype program was developed. In this way, a usability test can be done on this 
functionality without having to spend a lot of effort and time of the development 
department. 

1.5.6 Dose Volume Histograms 
Dose Volume Histograms (DVH) are a method for displaying the distribution of 
radiation dose in the tumor and surrounding organs. This enables the users to evaluate 
the conformity of the treatment plan to the protocol. A DVH shows dose intervals on 
the horizontal axis and the volume of an organ that is receiving this dose on the 
vertical axis. In the beta version of the new Masterplan brachytherapy module 
information about multiple organs can be shown in the same graph. 
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Picture 1.1: A Dose Volume Histogram (DVH) 

The DVH shown in the picture above is a cumulative DVH. On the horizontal axis the 
amount of dose is shown. The vertical axis shows the percentage of volume of certain 
organs. The graphs indicate for every organ how much radiation it will receive. For 
example, 22. 7% of the Bulb will receive at least 400 Gray of radiation according to 
the current plan. 

A treatment planning software program can calculate and display DVH's for separate 
organs once their contours have been defined. The DVH's displayed in the 
brachytherapy module have added functionalities such as a selection tool to aid the 
users in determining the exact volume size or the delivered dose in order to make a 
better judgement about the quality of their plan. 

1.6 Usability 
To ensure a smooth and uninterrupted workflow it is important that the treatment 
planning software functions in an efficient and user-friendly way. Nucletron wants to 
ensure that their software products are designed with this objective in mind. Therefore 
a usability study will be conducted on the brachytherapy module before the actual 
release. This will allow time for improvement before the product is officially released, 
which will save expenses. The preparation and execution of this usability study is the 
topic of this report. 

1.6.1 Definition of usability 
Usability is a measure of the ease of use of a certain product for the end-user. A 
formal definition of usability is provided by the International Organization for 
Standardization (ISO) [ISO 9241-11]: 

"The extent to which a product can be used by specified users to achieve specified 
goals with effectiveness, efficiency and satisfaction in a specified context of use. " 

In this definition we can discern three different characteristics of usability. The use of 
the product has to be effective, which means that the intended goal must be matched 
as closely as possible. Secondly the product has to be efficient, meaning that the 
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intended goal must be reached as quickly as possible and with the fewest effort. And 
lastly the use of the product must be satisfying to the customer. 

Jakob Nielsen [Nielsen 1993] provides a different definition of usability in his book 
"Usability Engineering": 

"Usability ... is traditionally associated with these five usability attributes: 
- Learnability; easy to learn 

Efficiency; efficient to use, high level of productivity 
Memorability; easy to remember 
Errors; low error rate, easy to recover from an error 
Satisfaction; pleasant to use" 

This definition breaks the vague concept of usability down into more concrete and 
measurable components that can be methodically studied. 

Usability testing is a method to examine the usability of a certain product by 
systematically studying these components. In a formal usability test the researcher 
makes a participating end-user of the product perform certain tasks. The actions of the 
user are closely monitored and often videotaped as well. In this way valuable data can 
be gathered about the usability of the product. 

1.6.2 History of usability 
The roots of the usability profession can be traced back to the American army during 
the Second World War. Military equipment and especially airplanes became 
increasingly difficult to operate for the personnel. For that reason the American army 
started to study the interaction between humans and machines. This field of research 
was initially named Human Machine Interaction (HMI) but the naming changed 
through time and nowadays it is more widely known as Ergonomics. A special 
component of this field is the interaction between humans and computers, also called 
Human Computer Interaction (HCI). During the 1980's the usability profession 
originated from this field of research. 4 

1.6.3 Usability engineering 
Usability engineering means that a product is designed with a focus on its usability 
during the entire design period. The design process starts with a requirements analysis 
in which a user profile is made and task analysis is done. Other preconditions like the 
capabilities and constraints of the intended user environment are also considered. 

The data that is gathered in this first step can be used to produce a conceptual model 
of the product that can be tested on the ease of use. After this step the product can be 
designed in increasing detail using an iterative process of designing and testing to 
ensure that it will conform to the users' needs. Even after the product has hit the 
market the company can decide to continue to collect feedback and user evaluations. 
This data can prove valuable for the development of the next product or for improving 
the existing one. 

1.6.4 Usability testing 
A formal way to collect data on the usability of a product is to execute a usability test. 
During such a test an end-user is asked to perform certain actions with the product 
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while he is being watched by the testers. Such a test has a strict methodology and in 
addition there is a lot of literature on best practices of usability testing. A lot of these 
best practices have been described by J.S. Dumas and J.C. Redish [Dumas & Redish 
1993] in their book "A Practical Guide to Usability Testing". This book will be used 
as a guideline for the methodology of this test as described in Chapter 3 of this report. 

1.6.5 Effectiveness of usability 
If usability testing is a valid method to track down usability problems in a product 
then similar tests should render similar results. Testing should be reproducible to be 
truly scientific. R. Mohlich et al. [Mohlich et al. 2004] have reported on their research 
on this topic. They handed the same instruction to nine different usability teams, the 
instruction being to investigate the usability of the Microsoft Hotmail website. As it 
turned out, the nine teams used widely different methods which lead to the effect that 
numourous problems were only reported by a single team. The number of problems 
that were discovered by many or by all teams was minimal. The research of E.L. Law 
en E.T. Hvannberg [Law & Hvannberg 2004] points in the same direction. They 
investigated the effect of individual users on a usability test and their conclusions 
roughly match those of the previously discussed study. To improve the 
reproducability and reliability the authors recommend to follow a standardized 
methodology when executing a usability test. 

To guarantee that a usability test will be complete, which means that all problems will 
be found iterative testing can be employed . If enough time and money is available 
during development then it is a good idea to do multiple usability tests throughout the 
development process. 

In the third chapter of the report where the methodology of the test is described, some 
additional remarks about the reliability and reproducability of this particular test will 
be made. 
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2. Research topic 
This chapter will introduce the problem definition, the research topic and the research 
question. As for any project, it is of importance to clearly describe the goal and scope 
of this graduation project. 

2. 1 Problem definition 
Nucletron puts great emphasis on the quality of its products. Quality is one of the 
areas in which the company has a competitive advantage. Therefore they want to be 
sure that newly developed products are compliant to their customers' wishes. Simply 
asking the intended users about their opinion on a new product often does not deliver 
enough reliable information, because these customers lack the necessary background 
information about new tools and possible solutions. Testing the software within the 
development department can reveal some shortcomings but there is no guarantee that 
developers will experience the same problems as end users. Therefore testing with the 
help of real end users is required to guarantee the quality of the final product. 

Nucletron has done prioritisation for the areas and functionalities of the Masterplan 
program that need quality improvement. It turned out that Usability of the product 
was the second most important issue, out of a total of seven attributes of the progam. 
In addition, the two functionalities that this test is focused on are both rated as having 
high-concern and high-risk by the development department. The highest rated issue 
that needed improvement was functionality. This means the different functions that 
the program can or cannot (yet) perform. Adding functionalities is done by 
Nucletron's in-house software development team and it is thus outside the scope of 
this project. 

Thus, the problem definition of this project is two-fold and can be summarized as 
follows: 

"There is currently no method available to test and evaluate the usability of the 
Nucletron software as experienced by actual end users. " and 
"The usability problems with the new brachytherapy module are yet unknown" 

2.2 Research topic and scope 
The research topic is a usability test of the Oncentra Masterplan Brachytherapy 
module. The study will focus on two specific functionalities of the software, identified 
as especially important for the user's workflow. These are back-projection of 
applicators and the generation of Dose Volume Histograms. These functionalities 
have been chosen because they take up a large amount of time in the users' workflow 
and offer the best opportunities for improvement with respect to the ease of use of the 
program. 

2.3 Research objective 
The objective of this research is to investigate the usability of the Brachytherapy 
module by means of a formal usability test. The test should identify the main 
problems, for which subsequently a proposal for improvement has to be made. This 
proposal should be in the form of a renewed prototype of the product. The project 
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should also deliver a methodology for future usability testing within the Nucletron 
organisation. 

The assignment will be done in cooperation with another student who has experience 
in software programming. He will be responsible for programming a prototype model 
with functionalities that are needed for the usability test. 

2.4 Research question 
The research question that is formulated from the preceding problem definition is as 
follows: 

What are the usability problems that end users may experience when using the 
Oncentra Masterplan Brachytherapy module and how can these problems be 
removed? 

This question can be divided in several components. It is necessary to define exactly 
who the end users are and also what their typical tasks are that they perform with the 
software. These questions can be researched during the preparation phase of the 
usability test. 

The usability test itself will provide data to pinpoint problems that users will have 
with the two functionalities that will be tested. After these questions are answered 
recommendations can be made how to eliminate these problems. The sub-questions 
for this research will be discussed in more detail in the next paragraph. 

2.4.1 Sub-questions 
The first two sub-question can be formulated as follows. 

What are the typical end users of the Masterplan Brachytherapy module? and 
What are typical tasks of these end users? 

These questions will be answered in paragraph 3 .1.1. The task scenarios and 
questionnaire will be based on this information. The following questions should be 
answered with the help of the data that will be collected by the usability tests. 

What are the usability problems with the back-projection functionality? 
What are the usability problems with Dose Volume Histograms? 

These questions will be answered in chapter 4. And finally the most important 
question from the viewpoint of the company is 

How can these problems be removed? 

To answer this final question a workshop will be organised in cooperation with a 
usability expert from the consultancy firm Cap Gemini. The results of this workshop, 
in combination with the results of the usability test will be reported to the 
management ofNucletron to ensure that action will be taken to implement the results. 
The outcome of this workshop will also be reported in chapter 4. 
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3. Methodology 
In the problem definition can be found that there's currently no method available 
within Nucletron to test and evaluate the usability of their software. This chapter will 
explain the methodology that Nucletron can use to improve the quality of their 
products by executing tests in cooperation with the actual end users. In the previous 
chapter it was advised to use a strict methodology and proven practices for such a 
usability test to ensure the validity of the results. Because of this the standardized 
approach for preparing and executing a usability test as described in [J.S. Dumas & 
J.C. Redish 1993] will be used. In this way the validity of the test can be guaranteed. 
The next section will introduce this approach. 

An important question in many test projects concerns the statistical reliability of the 
test results. The second paragraph of this chapter will discuss how many test subjects 
are needed to produce reliable results. 

The third paragraph describes a standardized way of reporting the findings of a 
usability test, as defined by the Industry USability Reporting project (IUSR). 

The last paragraph describes the test plan as it was developed specifically for this 
project and for Nucletron in detail. 

3. 1 How to conduct a usability test 
Before commencing with the actual work of designing and executing a usability test it 
is recommended to make a detailed time schedule that should be updated throughout 
the project. For every step an estimation has to be made of the total time needed and it 
is best to also specify the individual activities needed to complete the step. The time 
schedule used for this project can be found in appendix 1. 

A usability test can be divided in several steps as follows. This division is based on 
the recommendations in the Nucletron Careface Styleguide manual. 5 This document is 
a guideline for quality assurance with regards to the visual and usability aspects of the 
Nucletron software in general. 

Design of the test 
In this step the goal of the test will be formulated. The goal can be based 
on the findings of a task analysis of the user, findings from a previous 
usability test or findings from a heuristic analysis or expert review. A 
decision about the scope of the test is made in this step as well. 

Preparation of the test 
In this step the practical preparation of the test is done. A decision on the 
equipment that will be used should be made, appointments with 
participants have to be made and the task scenarios should be created. 

Execution of the test 
During this step the actual test will be conducted. 

Analysis of the data 
After the test the data that has been gathered should be structured and 
analysed. User comments can be grouped and average task times and 
number of errors can be measured for example. 
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Report of the results 
The development department should be informed about the findings of the 
test in order to implement improvements in the product that will eliminate 
the problems found during the test. 

These steps will now be further detailed using the approach recommended by Dumas 
and Redish [Dumas & Redish 1993]. 

3.1.1 Design of the test 
The first step in any usability test is to formulate the goal of the test. Usually the goal 
is rather vague and the objectives need to be specified in more detail. The overall goal 
of this project is to test the usability of the Oncentra Masterplan brachytherapy 
module. More specifically we will investigate if users are having problems with the 
menu structure, with the way the graphical interface is designed and with the way the 
functionalities for back-projection and DVH's are implemented. 

In the design phase of the test one also has to decide on the type of users that will 
participate in testing. In this case there are several different issues to consider with 
regards to this item. Firstly, the job title of the person who operates the program 
varies between hospitals. For example, a dosimetrist is doing most of the planning in 
the Netherlands. In the UK and USA this is often done by the physicist. Although this 
role also exists in Dutch hospitals the responsibilities are different from those of their 
Anglo-Saxon colleagues. 

A second important distinction can be made regarding the level of experience with the 
program that the user posesses. We will divide users into groups based on the 
experience that they have with previous versions of the Nucletron software. The 
brachytherapy module in Masterplan is a combination of old functionalities from the 
Plato software that was used on Silicon Graphics machines and the interface from 
Masterplan which runs on a Windows PC-based platform. 

Finally we can divide our test participants according to nationality. Because of 
historical developments in brachytherapy different hospitals prefer different 
optimisation methods which means that they will use the program in different ways. 
Participants also will react differently in certain situations because of their cultural 
background. The matrix of test participants selected for this project can be 
summarized as shown in diagram 4.1 

Dutch 

Spanish 

English 

American 

Physician Physicist Dosimetrist Brachylaborant 

Plato experience 

Masterplan 1.5 experience 

Masterplan 3.0 beta experience 

diagram 4.1 Test participants 
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The selection of test participants is restricted for practical and business purposes to 
the existing hospitals that cooperate with Nucletron in testing and development. The 
actual selection of the users for this particular test will be described in more detail in 
paragraph 3.4.1. 

After choosing the goal and participants of the test a choice has to be made which 
tasks to include in the test. The task structure in the brachytherapy module can be 
summarized as follows. 

Open Oncentra Masterplan 
Select brachytherapy module 
Select Patient and open plan 
Select afterloader type 
Customize working area 
Reconstruct catheters 
Activate dwell positions 
Define dose points 
Normalisation 
Optimisation 
Generate DVH 
Evaluate DVH 
Prescription 
Save or export patient plan 

Usually the optimisation and evaluation part of the workflow is an iterative process 
that will be executed more than one time to improve the conformity of the plan. 

Based on an evaluation by a Nucletron clinical expert it was decided that the most 
important tasks to review in this test are catheter reconstruction and DVH generation 
and evaluation. The primary reason for this is that these tasks are the most time
consummg m PLATO, which is the current treatment planning program for 
brachytherapy. 

3.1.2 Preparation of the test 
After the selection of the test goal, participants and tasks the preparation phase of the 
test is initiated. The following steps are part of the preparation phase. 

Recruiting participants 
Creating task scenarios 
Defining what to measure 
Preparing test materials 
Preparing the test environment 
Preparing the test team 
Pilot testing 

These steps will now be explained in more detail. 

Recruiting participants 
After deciding what kind of participants are required for the test, people have to be 
contacted and asked to cooperate and appointments should be made. For this test we 
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will use employees from hospitals that already cooperate with Nucletron in testing. 
They were invited to join the test by e-mail and phone correspondence. 

Creating task scenarios 
After selecting which tasks will be tested one or more task scenarios should be 
produced. A task scenario describes the task in a realistic way to the user. It should at 
least posess the following attributes. 

Short 
Time is usually rather short during a formal test, so the participant should 
spend time on testing instead of reading. 

In the user's words, not that of the program 
If you use program specific terms or language the goal of the test is 
compromised. Finding out if the wording used in the program is according 
to user expectations is always one of the issues in a usability test. 

Unambiguous 
A void confusion because it will detract from actual testing time. Every 
participant should interpret the scenario in the same way. 

Complete 
In addition to the general task or goal it may be helpful to provide 
additional information that can be used in the task. For example, the user 
can receive restrictions to which his treatment plan should confirm. 

Directly linked to the goal and tasks of the test 
Each scenario should test one or more of the tasks defined in the previous 
phase and each task should have at least one related scenario. However, 
the task names should not be told to the participant because this is usually 
worded in the program's wording, so it can influence his usual behavior. 

Defining what to measure 
A usability test usually collects two types of data, namely performance measures and 
subjective measures. Performance measures are quantitative and include for example 
task time and error rate. Subjective measures are qualitative but certain techniques 
like grading scales can be used to rank the results. Attention should be paid to the fact 
that qualitative data can sometimes be more useful for the development department, 
so don't try to quantify everything at all costs. An example would be open questions 
about which part of the program the user likes or dislikes most and why. 

A good way to measure performance data during a usability test is to use a logging 
program. Such a program is able to capture user input, comments from the tester and 
audio and video streams simultaneously. For this test we will use The Observer 
software and equipment from the Dutch company Noldus. 

Finally, it is recommended to decide appropriate target scores for your quantitative 
measures. This makes it possible to connect a value judgement to these scores. For 
example, if it takes a user less than 5 minutes to complete a task the efficiency of the 
program will be rated excellent and if it takes between 5 and 10 minutes the efficiency 
will be rated as moderate. 
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Preparing test materials 
It may be necessary to have the participants of the test sign a legal form in which they 
acknowledge their consent for the test. Other issues like secrecy of the product and 
legal liability can be arranged in this form as well. 

In most usability tests two questionnaires are used. One is issued to the participant 
before the start of the test and contains questions about background information of the 
user such as his age, profession and computer experience. The second is given to the 
participant after he has finished the test and contains questions to measure the 
subjective part of usability such as the user's satisfaction with the product. However, 
in the case of Nucletron the participants of the test are usually already known so the 
first questionnaire is not needed in that case. 

Sometimes it is advisable to include a training session in the test. For example, if the 
company's policy is to aim their product at expert users they will assume that every 
new user of the program will receive training before using it. In this situation it is 
necessary to provide this training to the test participants as well. However, the test 
team should be careful to provide everyone with the same amount and quality of 
training so that the test results will not be influenced by that. For this project an 
introduction movie was created explaining the subjects and purpose of the test. 

Task scenarios that were produced in the previous step have to be ordered in a logical 
manner. It is advised to use a new page for every task and to ask the user to wait until 
he is told to turn the page. This is to make it easier for the datalogger to catch up with 
the test participant after a task is finished. 

Preparing the test environment 
Before the start of the test make sure that the necessary hard- and software equipment 
is present and is operating without problems with the test program. Check the 
connection between the PC on which the test program is installed and the PC on 
which the data will be logged. 

Also make sure that the audio and video equipment is functioning properly and that 
you are capturing the correct data. Check if the datalogging software is configured 
properly. 

Preparing the test team 
The test team can consist of up to seven roles. These are 

Test administrator 
Audio/video operator 
Data recorder 
Briefer 
Help desk operator 
Product Expert 
Narrator 

For this test only the first three roles will be used. The test administrator can do all the 
communication with the test participant. The audio/video operator should monitor the 
quality of the audio and video that is being captured and the Data recorder has to 
record user actions and comments in the datalogging software. 
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Pilot testing 
It is advised to conduct at least one pilot test before starting the actual test phase. A 
pilot test can uncover flaws in the test procedure, the test program or test materials 
and offers an opportunity to correct those without bothering the test participants. 
Make sure to conduct a pilot test at least a few days in advance of the actual test days 
to allow time for improvements. The best way to do a pilot test is to approximate the 
real test as close as possible. For this project Nucletron employees that have the same 
level of knowledge of the Oncentra Masterplan and the brachytherapy module as the 
end user participants in the test were selected. 

3.1.3 Execution of the test 
Several complications can occur during testing that one should be aware of. The first 
thing to do during a test day is to make sure that all the required documentation and 
equipment is present and that it is working properly. Another important aspect of a 
well run usability test is to set the participants at ease. Explain to them that the goal of 
the test is to test the software and not to test them. 

As described in the previous paragraph, a good way to introduce the participants to 
the test is to create an introduction movie. This can be done easily with the use of the 
camera and recording options of the usability lab. With such a movie it is possible to 
ensure that every participant posesses the same level of knowledge about the test and 
its goals. Show this movie to every participant at the beginning of the test. 

Participants of a usability test are often asked to think out loud during their activities 
to provide the researchers with clues why they are doing actions in a certain way. 
However, this can be a very awkward procedure for the participant. A possible 
alternative for this procedure is to use the teach-back technique before the test and 
evaluation sessions after the test is finished. The teach-back technique asks the 
participant to explain in his own words how he would perform a certain task, before 
looking at the program. This gives insight in the mental model of our users. During an 
evaluation session the tester and the participant go over the videotape together and the 
tester can ask the participant to clarify his actions when he thinks more detail is 
required. 

One of the most important things during a test day is to keep organized. A test day is 
usually very hectic and people tend to forget things easily when they are under stress. 
Using checklists and keeping a record of activities is the best way to ensure the 
quality of the test. 

It is advisable to keep the communication with the participant as limited as possible. 
The objective of the test is to find out how users will use the product in their own 
environment, where there is no live help available as well. On the other hand, neutral 
information about the tasks can be provided by the test leader as well in order to make 
the participant feel more at ease. If questions need to be asked, be sure to formulate 
the questions in a neutral manner to avoid biasing the participant. 

3. 1.4 Analysis of the data 
Because of the nature of a usability test it will usually generate a large amount of data 
about a small number of participants. A reliable way to analyse this data is to use the 
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technique of triangulation. This technique takes multiple sources of data that are 
combined to check if they support each other and from which generalised conclusions 
are drawn. Dumas and Redish describe this with the following diagram. 

Quantitative data from 
logs and questionnaires 

The sources of data used are 

Problem list 

Usability 

Participants' comments, 
test team's observations 

diagram 4. 2 Triangulation 

The quantitative performance data about task times, error rates, keyboard and 
mouse input etc that is gathered by the datalogging program 
A problem list that is produced during a test by the test observer. This list can 
be maintained in the datalogging software The Observer that will be used for 
this test, so the data is already integrated. 
Comments by the participant and observations of the test team. During the test 
and the subsequent evaluation the participant can offer valuable insights on a 
conceptual level. These insights can be used to better understand the patterns 
found in the logging data. 

Outliers in the data should receive special attention. Because the user sample in a 
usability test is usually rather small an outlier can indicate a problem that doesn't 
show up often but has serious consequenses. On the other hand, the cause can also be 
something unique for one user in which case the outlier has to be discarded from the 
dataset. 

After a list of problems is identified they should be organised and ranked according to 
their scope and severity. Scope is a measure of how wide-spread the problem is. 
Severity rates the impact of the problem on the use of the program. This rating is very 
similar to the rating system that is used by the Nucletron Quality Assurance 
department, which scores problems on their concern and risk. Concern is similar to 
scope and risk is similar to severity. This provides a good opportunity to communicate 
the findings of the test back to the development department while using language that 
is familiar to them. 

3.2 How many users are needed for a reliable result? 
Several researched have explored the question of what would be the optimal number 
of users for a test. The first article on this subject [Nielsen & Landauer 1993] assumes 
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that the discovery of usability problems can be modeled with a Poisson distribution. 
The number of problems expected to be found in a test is described by the equation 

Found(i) = N(l-(1-A.)i) 

Where N is the (estimated) total number of usability problems 
i is the number of test participants 
A. is the probability that the problem will be found in a test with only 
one user 

From an analysis of 11 previously executed usability tests they estimate the value of A. 
to be 0.3. This implies that testing with 5 users would be enough to discover 
approximately 80-85% of all usability problems. They also argue that severe problems 
tend to be discovered early during a test, so that testing with 5 users will be enough to 
eliminate all of the most important problems. 

Later research by J. Spool and L. Schroeder [Spool & Schroeder 2001] attempts to 
corroborate these findings, but they estimate a different value for A. of approximately 
0.15 based on their results. This means that at least 11 users have to be tested to find 
the same percentage of problems as in the research by Nielsen. E.L. Law and E.T. 
Hvannberg [Law & Hvannberg 2004] support the findings of Spool. They claim that 
the value of A. depends on the complexity of the product and that Nielsen's products 
were relatively simple. 

The product that will be examined in this test is a complex simulation program for a 
medical application. However, this test will only focus on two smaller parts of the 
program, back-projection and the DVH functionality. In addition the availability of 
suitable participants is restricted by Nucletron's existing business relations with 
customers. Therefore a total of eight external users and four users from inside 
Nucletron will be tested. According to estimates from the literature this would 
guarantee that approximately 85% of the problems will be encountered during the 
tests. 

3.3 How to report the test findings 
The Industry USability Reporting project ran by the National Institute of Standards 
and Technology (NIST) has issued a guideline on the preferred reporting format for 
usability tests, which is called Common Industry Format (CIF).6 According to this 
guideline the report should contain at least the following information. 

Title page 
Executive summary 
Introduction 

o Full product description 
o Test objectives 

Method 
o Participants 
o Context of product use 
o Experimental design 
o Usability metrics 

Results 
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o Data analysis 
Appendices 

l~I Nucletron 

This report has the roughly the same structure. The only difference is that the context 
of product use is largely explained in the introduction chapter instead of the chapter 
on methodology. 

3.4 Test plan 
This section will describe the specific testplan as it was developed for testing the 
Nucletron Oncentra Masterplan brachytherapy software module. The roles and 
nationalities as well as test dates with the selected participants will be described in the 
first paragraph. The second paragraph will explain in detail what kind of equipment 
was used during the tests. The third paragraph will describe the questionnaire that was 
used to measure satisfaction of the user and in the last paragraph the task scenarios 
that were used are listed. 

3.4.1 Participants 
According to the time schedule appointments with the potential participants were 
made via e-mail and telephone contact. After the criteria for selection were 
formulated (see diagram 4.1) it was decided to select at least one user from every 
nationality, every role and every experience level. There are 48 unique combinations, 
but there is only enough time and resources to test 12 users. The selection was also 
based on existing contacts with end users, especially with those who are cooperating 
in testing beta versions of the Nucletron software. The reason for this is that they will 
already have some background knowledge about testing. 

For this test we have interviewed persons from four different countries, namely one 
person from the United States, two from the United Kingdom, one from Spain and 
four from the Netherlands. They are employed in three different roles, of which five 
are physicists, two are brachy laborants and one is a brachy therapist. We have tested 
three persons with medium or high experience and five persons with a low level of 
experience with the product. A detailed test schedule can be found in appendix 2. 

3.4.2 Equipment 
The equipment used to record the usability tests was hired from the company Noldus. 
The set-up that was used consisted of the following components. 

Specifications 
The Observer XT Video and Audio software 
The Observer XT Screen Capture Module 
The Observer XT uLog Module 

These products enables the researchers to record and synchronize the data 
from video, audio, test computer screen, and the mouse and keyboard. In 
addition the researchers can enter observations and comments for specific 
events. Because all the data is synchronized it becomes very easy to relate 
observations from different sources to each other. This will facilitate the 
use of triangulation. 

High End Notebook 
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Because of the intensive video and audio editting the software needs a fast 
computer to run well. Since tests will be conducted at the location of the 
user this computer should be portable as well. 

Digital Video Camera with build in Microphone 
Ultra light and compact Tripod 

This is used to capture the facial expressions of the participants during 
testing. 

Table Microphone to record spoken comments from the participants. 
External Hard disk for extra storage of digital video files 
Integration into flight case for protection and portability 

Laptop with Masterplan 

Digital camera 
Laptop with The Observer 

Screen capture box 

Integrated in flight case 

Table microphone 

External 
hard-disk 

Picture 3.1: Usability equipment 

3.4.3 Questionnaire 
To measure the users' satisfaction with the product a post-test questionnaire was 
created. As input for designing the questionnaire the ten usability heuristics listed by 
Jakob Nielsen on his website were used.7 The results from this questionnaire will be 
reported in the next chapter. The questionnaire itself can be found in appendix 3. 

There are several considerations that have to be taken into account when designing a 
questionnaire. These are explained in the book by [E. Jansen & Th. Joostens]. The 
questionnaire should provide two types of information, namely information that we 
are interested in, which is in this case the satisfaction of the user. This is the 
dependent variable. The other kind of information are independent variables that can 
perhaps explain the value of the dependent variable. In this questionnaire open 
questions related to the brachy module and closed questions about general usability 
items based on the heuristics developed by Jakob Nielsen were used to model the 
independent variables. 

A second decision is whether to use open or closed questions. The advantage of open 
questions is that it is possible to receive more specific information, but this 
information is harder to process. The advantage of closed questions is that they are 
easy to fill in and easy to process, but they can be less reliable. 
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The next step is to decide on a ranking scale. Questions can be worded to ask for a yes 
- no answer, or a more elaborate ordinal scale on which the user can select how much 
he agrees or disagrees with a statement. In this questionnaire the second option is 
chosen, because the situations that were described in the questions are no black and 
white scenarios, so it is possible that users would only partly agree. 

One final comment is to be careful with negative formulations. They can be used to 
check if the participant is actually paying attention to the questions or just randomly 
selecting checkboxes, but on the other hand they can be confusing for the reader. Also, 
when responses have to be scored it is important to keep in mind that ' strongly agree' 
or 'always' should receive a high score on a positive question, but a low score on a 
negative one. 

3.4.4 Task scenarios 
The scenarios that were used in the test used the following wording. 

Back-projection of applicator 

We would like to test the usability of a future Masterplan functionality, namely a tool to reconstruct the 
position of rigid catheters in a 3D environment. Instead of reconstructing the catheters point by point 
like in the old situation, you should be able to drag and rotate a 3D model of the applicator and place it 
over the position of the catheter in the CT image. 

This functionality is not yet programmed in Masterplan, so we will use a prototype program for this 
test. The program shows the 3D anatomy of a patient with a cervix applicator in place. A second 
applicator model that can be manipulated is also visible. 

We will start with a task in Masterplan first and then switch to the prototype program. 

Task 1: To reconstruct the applicator position a 3D volume of the CT images is necessary. View this 
volume in the working area. 

Task 2: Adjust the grayscale to make the position of the applicator better visible in the 3D view. 
Remove the parts of the image (e.g. femurs) that are blocking the view. 

Now we will switch to the prototype program. This program is called "Amira". 

Task 3: Open Amira and experiment with the program buttons to find out their function. Please tell us 
if you think anything is unclear, illogical, strange etc. Tell us when you want to proceed with the next 
task. 

The catheters each have a different color. When their color is combined with the complementary color 
of the catheter in place, it will show up as (almost) white. This should aid you in correctly positioning 
them. 

Task 4: Use the program to reconstruct the applicator position by matching the applicator model with 
the applicator inside the patient. Again, please tell us if you think anything is unclear, illogical, strange 
etc. 

We would like to test this functionality twice to see if lateral and transversal viewpoints will help you 
to place the model in the correct position. 

Task S: Reconstruct the applicator position again using a different screen lay-out. 
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Dose Volume Histogram functionality 

The second aspect of the new brachytherapy module that we would like to test is the DVH 
functionality. We will use a beta version of Masterplan to test this. It is important to know that many 
functionalities in Masterplan are "context based". This means that you will get different options in the 
right-click menu depending on the area of the screen that you click on. 

Quit the previous program and go back to Masterplan. Open case 0000 for patient A.BCD. The catheter 
reconstruction and normalisation steps have already been executed by someone that previously worked 
on this case. Your job is to make a treatment plan optimisation for patient A.BCD. 

Task 6: Create a Dose Volume Histogram. Make it show a cumulative dose distribution for the CTV, 
Bladder, Rectum and Urethra. 

Task 7: Use the DVH to check which percentage of the bladder and rectum receive more than 80% of 
the prescribed dose. Also check which percentage of the target volume receives at least 100% of the 
prescribed dose. Please let us know when you are ready. 

Task 8: Optimize the treatment plan with any of the optimisation methods available. Use the DVH 
functionalities to track changes to the plan. The plan can be considered conformal if the following 
restrictions are satisfied: 

The CTV should receive at least I 00% dose 
The bladder should receive at most 80% dose 
The rectum should receive at most 80% dose 
The urethra should receive at most 125% dose 
There should be no hot or cold spots inside the target 

When you are done, save the Plan as "Prostateplan >your name<". Please let us know when you are 
ready. 

3.4.5 Measurements 
As discussed before in paragraph 3 .1.2 a decision has to be made about which 
parameters will be measured. The Observer program by Noldus mentioned in 
paragraph 3.4.2 enables the tester to log events as either point events or state events. 
Point events can be used to measure the frequency of certain behavior well. State 
events have to be started and stopped and can be used to measure the duration of 
certain tasks or behaviors. The measurements used for this test are shown in the 
following table. 
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User or test team comment 
Creating 3D view of CT information in Masterplan 
Visualizing the applicator 
Exploring the prototype software 
Moving the applicator model to the correct position in 3D 
Redo Task 4 with a different screen lay-out 
Create aDVH 
DVH customization and evaluation of current plan 
Optimization of the plan and using the DVH 
The amount of time spent for searching 
The amount of time spent for navigating menus 
The amount of time spent for using help files 
Frequency of use of the top menu options 
Frequency of use of the icon bar 
Frequency of use of the right-click menu 
Frequency of use of short-cut keys 
Number of general mistakes made 
Number of wrong menu choices 
Number of wrong icon choices 
Number of mistakes with keyboard buttons 
Number of mistakes with mouse buttons 
Number of times the user looks confused 
Number of times the user looks frustrated 
Number of times the user looks satisfied 
Number of times the user has a waiting expression 
Number of clicks a user needs to move the catheter model 
Number of clicks a user needs to rotate the catheter model 
Number of clicks the user needs to move his vie oint 

Table 4.1: Measured parameters 

A short explanation of the measured events is now provided in these paragraphs. The 
comment event is used often to write down user comments or thoughts of the test 
team in order to facilitate the identification of problems. In this way each problem 
also gets a time marker in the log file, which helps in relocating the appropriate video 
segment later on. 

The task events will log the total time that every user needs for the completion of that 
task. They can also be used in The Observer to select only the data that was logged 
during that particular task, which can be helpful during analysis. 

The preference of users for a particular interaction form is measured by counting the 
number of times that they use the top menu, icon bar, right-click menu or short-cut 
key. There are also events included to log mistakes made by the user. They are 
divided in several categories to make the measurements more specific. It is possible to 
log different facial expressions of the test participants. Again, this can be helpful in 
order to locate the appropriate video segment later. Finally, the total number of clicks 
that a user needs to accomplish a correct positioning of an applicator will be 
registered to measure the efficiency of the application. 
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3.4.6 Workshop 
After the execution of the usability test and the analysis of the data a workshop is 
planned to create solutions for the problems that were found. It is important to include 
people from different backgrounds in the workshop in order to prevent a narrow view 
on the problems. For this project, the following roles are represented in the workshop. 

End users 
End users can give input from a users point of view. They think in a mindset 
of what is the most efficient way of working with the application and in what 
way it could best meet their workflow. 
Usability expert from Cap Gemini 
A usability consultant can put people in the right mindset and think of 
conceptual solutions. He will make sure the workshop will be run according to 
plan. 
Management 
To win support from management it is important to have a "project champion", 
someone inside the management who will make sure that attention is given to 
a particular project or issue. 
Concept development manager 
The concept development manager has the same responsibility as the usability 
consultant, but from a slightly different background. Both are focusing on 
conceptual solutions. 
Software engineers 
Software engineers can provide feedback on the technical possibilities for 
solutions that are created during the workshop. 
Clinical support specialist 
Clinical support specialist can translate ideas from end users to software 
designers. They know what is happening in the field and also what is going on 
in Nucletron's development department. 
Marketing 
The employees from marketing also have certain ideas of how things should 
be presented to the branch of industry. They can provide feedback on solutions 
to make sure it looks good and sells better. 
Usability testers 
The output of the usability test is input for the workshop, so the testers should 
definitely be involved. 

Only the most important problems will be dealt with during the workshop. The 
ranking of the problems will be explained in the next chapter, especially in paragraph 
There will be separate rounds for every problem, consisting of an introduction of the 
problem by the usability testers and a discussion or brainstorm session. Afterwards, 
all results will be gathered and processed in a document that can be presented to the 
development department. 

To highlight the problems that will be discussed in the workshop movies will be 
prepared which will show one or more users encountering that problem during a test. 
This is one important advantage of doing a formal usability study, because the 
professional equipment enables the testers to easily create movies in which a certain 
problem is clearly shown. As the saying goes, a picture says more than a thousand 
words, so this is an ideal method to make the people inside Nucletron aware of the 
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problems that they will often overlook because of their expert knowledge of the 
program. 

A usability expert from a consultancy company will be hired to participate in the 
workshop. Because he is already trained in this kind of sessions he can get people into 
the right mindset for the workshop. It is important to think in terms of ideal situations 
and forget about the restrictions imposed by the current version of the software. He 
should make sure that people are thinking in this way. In addition he can use his 
expert knowledge to provide valuable feedback and ideas for improvements with 
regard to usability. 
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4. Results 
In this chapter the results from the usability test are reported. The first paragraph will 
explain how the problems were identified. The second paragraph will explain the 
method used for ranking the problems according to their level of severity. In the third 
paragraph is shown how the problems can be grouped in higher-level, more 
fundamental problems. These fundamental problems were discussed during a 
workshop in order to combine knowledge from different backgrounds and trying to 
find the best possible solutions for them. The results from this workshop will be 
reported in the fourth paragraph. The last paragraph will report the results from the 
post-test questionnaire. 

4.1 Identification of the problems 
To identify the problems that were encountered during the usability test the recorded 
comments from the test participants and test team were the primary source. All 
comments were scanned and similar comments were given the same concise problem 
description. If a comment could not be grouped with more than two similar comments 
from other users it was classified under the description "Other". An example of an 
identified problem with the actual user comments is given below. 

All users wanted the selection tool to be active by default. A left-click on the DVH should provide a 
with Dose and Volume information. 

User expects to see information about dose and volume when he left-clicks in the DVH 
DVH should be active without selecting an option from the right-click menu 
User expects the selection function to be active immediately in the DVH 
The selection function should be immediately available when the user left clicks on the DVH 
User expects DVH to be initially interactive (Issue: Right mouse button was not defined yet) 
User expects the DVH to be interactive by just clicking on it 
The user wants to left click to read a certain value 
User wants to left click on a line of the DVH and et the marker there 

Table 4.1: Example of problem identification 

There were twenty problems identified that were encountered by four or more users. 
A complete list of these problem descriptions along with their relevant user comments 
can be found in appendix 4. In addition there are twenty-nine problems listed under 
the "Other" category description, which could not be grouped with other user 
comments but were also included in the problem ranking. 

The comments of two expert users within Nucletron were not logged for two reasons. 
The first reason is that they had participated in a pilot test which did not yet have the 
same structure as the final test. The second reason is that their behavior can be 
different from real users due to their extensive knowledge of the product. 

4.2 Ranking of the problems 
In the previous chapter it was recommended to rate the problems that were discovered 
on their scope and severity. In this test the naming used for this is impact on workflow 
and impact on usability respectively. The first scale is an indication of how often the 
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user will encounter the problem in his workflow while the second scale indicates how 
much the usability of the program would increase if the problem is solved. The 
problems identified in the previous step were rated on these two issues using the 
following scoring. 

Table 4.2: Impact scale 

This rating was done in cooperation with Nucletron' s clinical expert because he is the 
most knowledgeable person in the organization with respect to these issues. After 
rating all problems using this table the values for both scales were multiplied with 
each other and with the total number of unique users who commented on that 
particular problem to become a weighting value for the problem. This can be 
expressed in a formula. 

W == lu • lw • N 

Where W is the weight of the problem 
lu is the impact on usability 
lw is the impact on the workflow and 
N is the number of unique users commenting on this problem 

Since comments from ten unique users were logged and the highest possible rating on 
the impact scale is five, the highest possible weight is 250. However, the most severe 
problem only scored 180 points on the weight scale. To improve the readability of the 
weight scale all the scores were divided by 18. This means that the most severe 
problem from this test is rated with a 10 and all other problems have a score between 
0 and 10. 

Because the scales for impact on usability and workflow range from 1 to 5 and the 
number of user comments ranges from 1 to 10, the number of user comments has an 
influence on the weight of the problem that is twice as large as that of the other two 
scales. This was left as it is because the impact scales consist of a subjective estimate 
while the number of user comments is quantitative data from the test, which is taken 
as a more reliable source. 

The method of ranking the problems that is described above resulted in the following 
prioritized list of problems. 
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2D vs 3D Back-projection 
Criteria from protocol in DVH 
CreateDVH 
"Selection Tool" initially active 
Functionality of Selection tool 
Automatic back-projection 
Direction of movement depends on plane of the transform box 
Isodose lines legend 
Control and naming of"Section cube" 
lsodose lines 
Selecting a catheter in the prototype 
Initial position for applicator model 
Control and naming of "Transfer Function" 
Catheter labeling 
Dwell positions should b1. <.electable from the CI' image 
Selecting VOi's in DVH 
Icons are unclear 
Naming and place of Selection tool 
GO \\ith DVH 
kxt:p zoom lt:vel wh1..n S\\ltchm,,r, views (protot)pe) 
Visibility of the catheters in the prototype 
l'<umber of clicks 
Active workspace 
Position and naming of"Volume" option 
Rotation in prototype 
Cm>up selection 
Tip recognition of3D catheter model 
ROI selections in DVH should be kept\\ hen DVH is refreshed 
l ool tips and status bar descriptions 
Dose Point activation 
Mouse movement distance 
Properties bar is confu<,ing 
Catheter numbering is hard to read on CT image 
Catheter image ct volume is not clear 
Case explorer icon 
Scroll bar in optimization menu 
Use ke:y board arrows to scroll 
C 'lSe e plorer jumps back to tirst dwell point 
Switching camera and movement mode 
""'o mousL whed scroll mg in case e plorer 
Single- vs. double click 111 c<tse explorer 
Select GO when the slider 1s moved 
5crolling direction in 30 vie\\ 
Undo in right-click menu 
DVH axes w· ithout decimals 
Urethra line doesn't show on lateral VIC\\ 

Optimization option in case explorer 
l\Jumber of characters for a case label 
Selecting multiple thumbnails 

1§1 Nucletron 

10 
9.7 
8.9 
7.1 
6.2 
5.6 
5.3 
5 
4 

3.9 
3.5 
3.3 
3.1 
2.8 
27 
2.2 
22 
2 

1.4 
1 3 
1.2 
I. I 
I 

0.9 
0.9 
0.9 
0.9 
0.7 
0.7 
0.7 
0.7 
0.5 
0.4 
0.4 
0.4 
0.3 
0.3 
0.3 
0.3 
02 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

3 
3 
1 
1 
2 
3 
3 
I 
2 
3 
2 
3 
I 
I 
1 
1 
3 

3 
1 
2 
3 
I 
I 
2 
2 

2 

2 
3 
2 

3 

01 2 

Table 4.3: Problem ranking 

The light grey colored problems come from the "Other" category on the initial list of 
identified problems. The complete table with the values for all scales can be found in 
appendix 5. 
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4.3 Grouping of the problems 
After the problems were identified and ranked the next step is to see if similarities 
between multiple problems can be found. In this way it becomes possible to tackle 
and solve general problems in the software. For example, a problem with a certain 
slider control in the brachy module could exist for other similar controls outside the 
scope of this project as well. The most important problems from table 4.3 can be 
grouped as follows. 

Default values & preferences 

Naming and positioning 

Dose volume histograms 

DVH selection tool 

2D vs 3D Back-projection 

Controls within 3D 

Visibility within 3D 

Automatic back-projection 

12 

2 
8 

Control and namin of "Transfer function" 

Initial position for applicator model 

Criteria from protocol in DVH 

Isodose lines legend 

13 Control and naming of "Transfer Function" 

l 0 Isodose lines 

24 Position and naming of "Volume" option 

13 

9 
3 

18 

3 

16 

2 

4 
18 

5 

25 

39 

Control and naming of"Transfer Function" 

Control and naming of "Section cube" 

CreateDVH 

lace of Selection tool 

CreateDVH 

Selecting VOi's in DVH 

Criteria from rotocol in DVH 

"Selection Tool" initially active 

Naming and place of Selection tool 

Rotation in prototype 

Switching camera and movement mode 

7 Direction of movement depends on plane 
of the transform box 

11 

21 

14 

6 

Selecting a catheter in the prototype 

Visibility of the catheters in the prototype 

Catheter labelin 

Automatic back- ro·ection 

Table 4.4 Problem grouping 

Group A, B and C can be classified as global problems. This means that to solve these 
problems changes have to be made throughout the whole program. Groups D - I can 
be classified as local problems, which means that only a certain part or functionality 
of the program has to be changed to solve them. 

4.4 Results of the workshop 
The results from the workshop have been summarized in a document that will be 
presented to the software development department of Nucletron. A standard template 
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was used to report on each problem. An example of this is shown below. The 
complete list of issues can be found in appendix 6. 

Scenario 
- The transfer function is another control for the functionality of centre and width. Since the name is different some 
users overlooked the function because they didn't associate the name "transfer function" with that function. 

- We've encountered a common problem during a task where the users were asked to show a DVH in MasterPlan 
Brachy. Almost all users that we've tested were searching in the top menu "Plan". They would expect something 
like "Create DVH" around the "Optimization" option. It seems obvious that this should be implemented because so 
many users exhibited the same behavior. 

- The name section cube itself seems to trigger the users for clipping away certain areas, which is good. But there 
are still problems. There are 2 different functions called section cube and this confused the user. When selecting 
the one in the properties bar, user automatically skipped the section cube option in the right-click menu. 

- Many users were unable to associate the "Volume" option with showing a 3D image of the CT information. They 
would expect a different name. In addition, users looked for this option in several places, including the thumbnail 
box, ro erties bar and the to menu "view". 

Questions 
-----~-----------~--------~-------~--~ What better name could we give to the 'volume' option? 

What better name could we give to the 'selection tool' option? And how can we remove the double 
naming? 
How can we remove the double naming of the section cube and how should we name both options? 
What should we do with the trans er unction? It should be consistent throu hout MasterPlan. 

Solutions 
-~~----~----------~------------~-----~ The 'volume' option can be renamed to 'show image data'. 
The 'selection tool' can be renamed to 'show DVH value' or 'show DVH point' . 
The 'selection' option in the properties bar can keep the same name. 
Both places (properties box and right-click menu) should activate the section cube. In addition, add 
another "greyed-out" check-box in the properties bar with the option to view image data on the sides of 
the section cube named "view data" (see picture) 

JD aisplay ------l>X 

r Orbit ~ Rec. sl. hame 

r ROls r Section Cube 
~ SlicePos. 

~ Volume 

-
l 

Reset position 

Reset section I 

The naming of"Transfer function" can be changed to "Centre and width" if the functionality and 
purpose for the user are the same. 
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A general comment from the Cap Gemini expert: Always be consistent and never use double naming 

DVH placing: fixed place in right side of the thumbnail box which is always visible, no matter which 
button is selected. (see picture; the red box is just for highlighting this example) 

DVH 

Cl 
A suggestion from our software engineer is to include the "Thumbnail box" in the "Case explorer" tree 
structure. 

Finally, there is no icon for the Case explorer; this is inconsistent because there are icons for the 
Pro erties bar and Thumbnail box. 

Estimated effort Risks In/outside brach 

4.5 Quantitative data 

None 
None 
None 
Consistency in software 
Consistency of interaction 
forms 

Throughout MasterPlan 
Throughout MasterPlan 
Throughout MasterPlan 
Throughout MasterPlan 
Throughout MasterPlan 

Table 4.5 workshop results sheet 

Paragraph 3.1.4 about triangulation describes a good way to analyze data if there is a 
lot of information available about a small sample. The previous paragraphs have 
already described how the comments from users were used, but those results should 
also be compared with the quantitative test data. The results from that analysis will be 
described in this paragraph. 

The most important problem identified is if back-projection should be done in a 2D or 
3D environment. A pure 3D view was tested in task 4 and a simulated 2D view in task 
5. The average result from all users for both tasks is summarized below. 
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Task 4 (3D Task 5 (2D) 
9 m, 01 s 6 m, 29 s 

5.5 2.5 
19.8 19.5 
4.2 4.5 
21 7.3 

Table 4. 6: Comparison of 3D and 2D back-projection 

Because the task time in 3D is longer than the one in 2D, on first glance this data 
supports the problem that was found by way of the user comments and observations 
from the test team. Although there was a demand from users and application 
specialists for a 3D back-projection tool, it became clear after testing it that the 
control of objects in 3D is not as intuitive as suspected. Therefore it took longer to 
position the applicator in a single 3D view and also, more mistakes were made. The 
large difference in the number of camera rotations can be explained from the 
observation that users always tried to create a perpendicular view when using the 3D 
space. This is another hint that they are used to working with 2D planes and images. 

Statistical significance 
While the task time for working in 3D is longer than the task time for working in 2D 
the question is if this difference is statistically significant. Therefore a hypothesis Ho 
is formulated that states that the mean task times for tasks 4 and 5 are the same. The 
alternative hypothesis is that task 4 will have a longer mean task time. 

Ho: J4=µs 
H1: J.14> µs 

If Ho can be rejected it will provide a so-called strong proof that the mean task time 
for working in 3D is significantly larger than the task time for working in 2D. 
In the ideal situation a paired t-test should be used, because the two data sets are 
related. They were executed by the same users. However, the content of the test was 
changed slightly due to a changing insight into the problems. Because of that, not 
every user has executed both tasks and therefore the data sets have different sizes. The 
next best option is to use an unpaired t-test assuming equal variance in both data sets. 
Then a T0-value can be calculated and compared to the critical region in a student-t 
table. The formula used to calculate the To-value is. 

Sp is the pooled estimated variance of the two data sets and is calculated thus 

s = p 

(n4 -l)·s~ +(n5 -l)·s; 

n4 +n5 -2 
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The complete calculation can be found in appendix 7. The result showed that for a 
95% confidence interval there is no significant difference between the two task times. 
The value for T 0 is too small compared to the boundary of the critical region. This is 
caused by the very large variance in the task times. However, the information from 
other sources, especially from user comments, suggested that there really is a problem 
with 3D back-projection even though it doesn't show clearly from this data. In 
addition, the difference in task times is significant for an 85% confidence interval. 

The second problem found is that users want to see values from the protocol as 
feedback when they are optimizing their plan. This can not be supported with 
quantitative data because it was impossible to compare a situation with this 
functionality and one without it. The reason for this is that this functionality does not 
yet exist and no prototyping was done for this test. 

The third problem is the way in which a DVH can be created or viewed. This is 
something that has to be learned and memorized before the user gets it right. To show 
that the location of the DVH icon is not intuitive but has to be learned and memorized 
the scores of expert users and novice users can be compared. 

284 sec 
93 sec 
132 sec 
2 

Table 4. 7: Comparison of task times for task 6 

The minimum number of actions to create a DVH is only 2 mouse clicks and can be 
done in a few seconds. However, the location of the DVH icon is so confusing that 
novice users spent an extraordinary long time to figure out how to create it, most of 
which was used for searching and navigating menus. Even one of the expert users was 
not immediately able to find the DVH. This can indicate that the location is also hard 
to memorize. 

Again, a t-test can be used to check if the two task times differ significantly, 
following the procedure that was explained on the previous page. 

In this case a statistically significant difference with 95% confidence is shown 
between expert and novice users. The complete calculation can be found in appendix 
7. 

It is hard to link most other problems to the quantitative data. The reason for this will 
be discussed further in paragraph 5.2.2. 

4.6 Data from the questionnaire 
The data from the questionnaires was analyzed separately from the other test data, but 
several similarities in the results can be noted. The users were asked what changes 
they would make to improve the functionality of the DVH. Every user mentioned 
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something related to showing the values from the protocol in the DVH or in a table. 
Another result that stood out from the questionnaire and which supported our findings 
from the data analysis is the relatively low score for the question "was it always clear 
in which part of the program or menu you could find the option you needed?". This 
can be caused by the 'naming and placing' problem. 

In addition the questionnaire also revealed some problems that didn't come up in the 
test. The most important ones are listed here. 

absence of indication when the program is calculating 
warning and error messages 
recognition of icons 

The complete questionnaire can be found in appendix 3. 
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5. Conclusion and discussion 
This chapter will provide the conclusion of the project and discussion about possible 
improvements and further research that was not covered by this assignment. 

5. 1 Conclusion 
In chapter 2 a research question for this project was formulated. Now it is time to look 
back and see if all questions have been anwered. First the subquestions that were 
needed in the design phase have been investigated. These subquestions were the 
following 

What are the typical end users of the Masterplan Brachytherapy module? 

A matrix was created which included the three main characteristics on which users 
can be selected. These are nationality, job description and prior experience with 
Nucletron software. The second subquestion was 

What are typical tasks of these end users? 

Analysis of the workflow was done in order to formulate realistic task scenarios that 
are connected to the workflow of the user and also to the topics of interest for this 
study (back-projection and DVH's). 

The main research question was 

"There is currently no method available to test and evaluate the usability of the 
Nuc/etron software as experienced by actual end users. " and 
"The usability problems with the new brachytherapy module are yet unknown" 

After designing and executing a usability test and analysing they results a prioritized 
problem list was produced. This problem list functioned as input for a workshop in 
which Nucletron employees from different roles have used their expertise to come up 
with suggestions for improvements. This means that both parts of the main research 
question were satisfactorily answered. 

The most important results for Nucletron from this project are 
a guideline for usability testing that can be used by Nucletron and 
various recommendations for improvement concerning the DVH- and back
projection functionalities (appendix 6). 

The test also clearly showed the importance of incorporating usability early in 
Nucletron's development process. Although there was demand for a 3D back
projection tool from users and application specialists, testing with a prototype 
revealed that there are too many complications with using a 3D application and that in 
fact, 2D is a better option. This information can save much money and effort that 
would have been spent for the development of a 3D tool otherwise. 
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In addition, the tests on the DVH functionality also revealed the demand from users 
for different methods of feedback to evaluate their treatment plan. Specifically the 
user comments that were logged show that users want to see values from the relevant 
protocol and an indication how well the current plan matches to that protocol. The 
only available function for this that is included in the brachy module now is the 
selection tool, but this is not the most efficient option. If the development team would 
have been aware of the user's wishes they could have included a better solution than 
the selection tool in their initial release. 

5.2 Discussion 
Although the project was succesful and practical suggestions for improving the 
usability of Masterplan were created during the workshop and reported here, there is 
still room for improvement and recommendations for further study. Several topics are 
discussed in the following paragraphs. 

5.2.1 Usability engineering 
Usability is a topic that should be included in the development process from the very 
start. In this project a test was done on one new functionality and an existing one. The 
test on the new functionality clearly showed the merits of early testing. Based on the 
test results it was decided not to develop 3D back-projection, a decision which saves a 
lot of money. But testing is not the only usability technique. It may also be helpful to 
install a user panel in order to systematically gather feedback from users about their 
preferences and wishes. 

Such a user panel should work from scratch in coming up with new ideas and not 
evaluate an existing version of the software for improvements. A lot of knowledge 
about customer wishes is also present inside Nucletron itself, within the sales- and 
service department and the application specialists who are in contact with the 
customer. All this knowledge can be used to create new solutions which can then 
already be tested when the product is still in the conceptual development stage. This 
way Nucletron will be able to implement not only usability testing but the entire 
process of usability engineering in their software development. 

5.2.2 Quantatlve measuraments 
In this test the quantitative variables that should be measured were defined during the 
design phase of the test. In retrospect, it would have been better to just define on a 
broad level what type of measurements should be made during that phase. For 
example, one can decide to log "mistakes" or "search time" without specifying the 
exact type of mistake or the item that the user is searching for. These more precisely 
defined variables should be dependent on the issues found during the qualitative 
analysis of the user comments. When working in this way the measurements can be 
more specific and more precise. 

For example, during this test the total time each user spent for searching during a task 
was measured. This was done before any analysis of the user comments. After 
analysing the comments it was clear that users had a problem with creating or 
showing a DVH in the working area. If the exact measuraments would have been 
defined after the analysis of the user comments, 'search time for D VH' could have 
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been measured. This is possible because of the use of video recordings that can be 
analysed multiple times after the actual testing has already been done. 

While this can be a more useful method, one should be warned not to tailor the 
measuraments to an existing preconception. 

5.2.3 Questionnaire 
The post-test questionnaire was based on the ten usability heuristics from Jakob 
Nielsen's website. Because of this, it was for a large part disconnected from the other 
measuraments and it would have been better to connect the questions to the task 
scenarios. The questionnaire should have asked specific questions about the issues 
that were part of the test and it should not have been formulated in such a general way. 

5.2.3 Definition of target users 
An issue that came up during the selection of users for the test is the question of the 
target user audience for Masterplan brachy. lfNucletron chooses to design Masterplan 
for expert users, some different choices with regards to user selection and the creation 
of task scenarios have to be made. In general, usability is used to improve the ease of 
use and ease of learning of software. But this will not guarantee the efficiency of 
working for experienced users. During the time that this project was done, there was 
no clear statement on what the intended user is. 

For example, if expert users are the targeted group, it would be justified to assume 
that every user has received training in the use of Masterplan before working with it 
alone. In that case it may be necessary to include a similar training step in the 
usability test as well. If the memorability of the program has to be tested as well, this 
step should be planned on a separate earlier date than the actual test, which can be 
complicated. 

On the other hand, even expert users will experience problems with usability even 
though they have grown accustomed to them. Therefore testing with new 
functionalities and inexperienced users is still valuable. 
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