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1 Abstract

When protons or neutrons pass through computer memory, there is a small risk that they 

turn a 1 into a 0, or vice versa. At flight altitudes, there is a lot of neutron and proton 

radiation and the risk of a bit flip is high. Therefore, computer memory needs to be tested 

to see what types work best in radiating environments. The process for such testing 

requires test equipment, and the test equipment needs a computer interface.

This report describes an interface design and its development, including the methods, the 

process and the final result. The methods used were, among others, the iterative design 

process, design patterns and lo-fi prototyping. The design and development process 

covers not only the sketches and the thought process surrounding them, but also a week 

of first-hand experience in the test laboratory. The final result is a new graphical user 

interface for the test program.
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2 Introduction

The structure of the report starts out with initial sections describing the context and the 

problem to solve. It then goes on to describe the methods that will be used, which is 

followed by a section describing how the activities were carried out. All the design and 

development work was done during 2007 and the final parts of the report completed in 

2012, therefor there is a reflection part of this report looking back 5 years. But first, a bit 

of background regarding the effect radiation has on electronic equipment such as memory 

circuits.

2.1 Atmospheric radiation effects on computer memory

This thesis project was performed at Saab in Linköping. The project scope was to build a 

computer program capable of communicating with a test equipment device. The device 

was specially designed to measure the effect radiation has on computer memory. 

The reason why Saab is building this software and the device is that when neutrons pass 

through our ordinary, everyday electronic equipment, they can cause soft errors such as 

bit errors or, more correctly, bit flips in the memory circuits. Soft errors are errors in the 

software or the data stored in a memory circuit, whereas hard errors are errors in the 

memory circuit itself. A bit flip is when a 0 in a memory circuit flips and becomes a 1, or 

vice versa. The probability of this kind of error is very small in the computers and 

electronic devices we use in our homes and offices.

But higher up in the atmosphere, there are other factors that effect the environment; for 

example, cosmic radiation. This radiation mostly comprises protons, but also includes 

some heavier particles. When the cosmic radiation interacts with the oxygen and nitrogen 

in the atmosphere, it results in neutrons. As a result, the neutron radiation at flight 

altitudes is about 200–400 times higher than at sea level. 
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So, when electronic equipment is present at flight altitudes instead of at sea level, it is  

exposed to higher levels of both proton radiation and neutron radiation. If the electronic 

equipment is on an airplane, the aluminum body stops the protons, but not the neutrons. 

Therefore, a neutron-radiating environment can simulate the environment at flight 

altitudes. 1The Svedberg Laboratory (TSL) in Uppsala, which we visit in chapter 5.5, has 

just such an environment.

In 1993, Olsen et al. showed how neutron radiation affects SRAM during flights at 

aviation altitudes and presented the following conclusion. “As feature size in electronic 

components becomes smaller, the components become more sensitive to neutrons, and it 

therefore would seem advisable to include neutron irradiation in the test procedures for 

airborne equipment.”1 

With that in mind, we have the reasons why Saab want to test computer memory, and 

why they need this device and this software and, indirectly, this master's thesis.
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3 Problem description

As briefly mentioned in the introduction, it is part of the testing procedures for airborne 

equipment to qualify memory circuits. This testing includes the effect radiation has on the 

circuits. It is in this context that we undertake this project.

The problem to solve, or rather the assignment, is to build the user interface for a 

computer program, as well as the program itself. This computer program will 

communicate with a specific device capable of measuring what happens in a memory 

circuit when it is exposed to a beam of neutron radiation.

The assignment is not to start from scratch, but to port an existing solution used for static 

random access memory (SRAM) to a new version capable of handling dynamic random 

access memory (DRAM). The porting is not only for the purpose of accommodating new 

memory technology, but also to change the technical platform. Worth mentioning is that 

the device for DRAM was built in parallel by another thesis researcher2.

The main focus of this assignment is the design of the user interface, and how this user 

interface can enable and ease the workload for the researcher testing the memory. But to 

be able to create a user interface, the logic and input/output functionality also needed to 

be developed; let us call this the core functionality.

The core functionality includes, among other things, a machine-to-machine interface for 

communication through the serial port. The communication is performed by sending 

predefined commands in hexadecimal code. When a command is sent to the device, it 

triggers a response. 
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A good example is the command for reading the memory. This command responds with a 

pattern that the program is required to translate and handle. To be more precise, the 

program is required to compare the pattern written to the physical memory with the 

returned pattern and decide if any changes have occurred. If any changes have occurred, 

the program has to calculate how many and of what type they are. The program should 

then store all found changes in a file.

Enabling the storage of the above mentioned file is also a central part of the core 

functionality. This file represents a good input for further analysis in programs better 

suited to those purposes, such as MATLAB or Excel.

Another aspect of the core functionality that starts to link with the design focus is the 

feature to generate graphical presentations of the current test in progress and provide the 

possibility to compare the current test with previously stored tests.

A special circumstance (detailed in chapter 4.6) is the fact that there is only one user of 

this software; I would like to call it Usability Design for one Exclusive User. There was 

no information and no best practice found on how to handle this situation, and it was 

obvious that the time frame would not be large enough to cover each usability goal. In 

that context, a ranking between the usability goals was created. It is hard to say if this is 

right or wrong, but it was one of the possible ways forward. 

3.1 Limitations

Even if the thesis work is both programming and design, the design and design methods 

are the focus of this report.
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4 Methods

This chapter will describe the methods used in the project. Based on the limitations of the 

report (see section 3.1), the methods below are from the subject fields of usability and 

interaction design, and not from the subject field of programming.

The following sections will mention the methods of iterative design, identification of 

needs, design patterns, prototyping, evaluation, and a set of ordered usability goals for the 

unusual situation of designing for one exclusive user.

4.1 The Iterative design process

A fair and easy-to-remember model for the design process is the iterative life cycle model 

for interaction design.3 This model describes four states of the design process among 

which the process alternates. The alternation among states is different from the waterfall  

model, where each state follows another in sequential order until the end. In this iterative 

design model, the following four states are available for alternation:  

• Identify needs/establish requirements 

• (Re)design

• Build an interactive version

• Evaluate

The process starts with identifying the user's needs and establishing the requirements. 

With this in mind, a design proposal will be made into a prototype or an interactive 

version that will later be evaluated. In the model, the process is not at all linear but 

iterates among the steps many times. These iterations enable the designer to try many 

ideas and concepts. 
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4.2 Identify needs

Identifying the needs is to understand the environment in which the user interface is 

going to be used. To understand this situation, Preece (2001) recommends that the 

designer should understand the user, the work and the context.3 

• The user can be understood by semi-structured interviews and observation. 

• The work can be understood by trying to solve the actual tasks with the currently 

available tools and by observing the user in such a situation.

• The context can be understood by observing the work and the user to find the 

constraints and enablers.

 

It is also preferable to take advantage of the knowledge the user already has. Norman 

(1998) states that if something is designed to support an activity without having a good 

understanding of the work behind the design, is likely to be incompatible with current 

practice. 4 

4.3 Design patterns

When programming to solve a problem, it is likely that someone else has solved that 

exact problem or at least a very similar problem before. Such a common and reusable 

solution or best practice can be described as a design pattern. 

On Wikipedia, it is described as: “In software engineering, a design pattern is a general, 

reusable solution to a commonly occurring problem in software design. A design pattern 

is not a finished design that can be transformed directly into code. It is a description or 

template for how to solve a problem that can be used in many different situations” 5

The same ideas are applicable to usability and interaction design. In her book Designing 

Interfaces – Patterns for Effective Interaction Design, Jenifer Tidwell states: “The 
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applications that are easy to use are designed to be familiar”.6 This quote is from a book 

which is a compilation of common solutions for problems usability and interaction 

designers are frequently exposed to, and can be used as design patterns within their field 

of expertise.  

4.4 Lo-fi prototyping

Prototyping, or rather “mock upping”, is the process of creating smaller and simplified 

versions of the final product. Each prototype can be a different version or concept 

addressing the list of features in a different way. Prototypes are suitable for testing on 

user groups or to be used in discussions with sponsors or colleagues. Examples of tasks 

that can be performed when building low-fidelity prototypes can be: sketching, 

wireframes, story-boarding and semi-interactive versions build from thick paper 

components, and other methods of creating ways to present a concept.

Preece presents a few advantages of lo-fi prototyping, including the fact that it lowers the 

development cost, is a useful communication tool, and addresses layout issues at an early 

stage.3

4.5 Evaluate

Evaluation is used to see how well something works. Lo-fi prototypes are suitable for 

evaluation, and different versions of the interfaces created in the iterative design model 

are suitable for evaluation just as that model describes.

Gould et al.7 describes the following key points regarding how and what to evaluate. 

Even though their experience is based on the design of a system back in the 1980s, the 

fundamental parts still seem to remain relevant.

• Focus on the user and their task

• Observe, measure, and analyze the users' performance with the system

11



Interface for Measuring the Effect of Cosmic Radiation on Computer Memory

Anders Moberg

4.6 Usability design for one exclusive user

When this thesis work was undertaken, it was not possible to find any guidelines on how 

to proceed when designing for one exclusive user. It also seemed inefficient to try to 

cover all usability goals in a design where much focus was needed to program the core 

functionality.

To save time, a theoretical mini study of the usability goals3 was undertaken on how to 

order them in importance for this special circumstance. It is not fair to call this a set of  

guidelines, but rather an unproven theory based on trade offs, balanced with design 

principles and general argumentation available in the appendix on page 34. 

The following order was identified as an appropriate input for further work on the 

project:

• Utility

• Memorability and learnability

• Safety

• Effectiveness

• Efficiency

This report will later refer back to these goals and their order.

12
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5 Design and development process

5.1 Initiating the design process

At the start of the project, neither the requirements nor the goals were detailed. The 

company and the supervisor had an idea (or rather a vision) of a new product focusing on 

DRAM8 instead of SRAM9, and that the system should be easy and fast to use. Those 

were the requirements for the user interface. To begin with, the project required a few 

initial steps.

It is important to understand the background as mentioned in the method chapter 4.2 

regarding the identification of needs. To do so, some reading on the theory of cosmic 

radiation and particle radiation was a good starting point. This field is somewhat 

academically distanced from the software and usability background education acquired at 

the university and required several days of research which turned out to be days well 

spent. Another important piece of reading was that of the thesis report that had been the 

forerunner of several theses  in the field of testing memory circuits. 

The thesis report mentioned above is a 2005 thesis regarding the first version of the 

previous system for SRAM, “Mätutrustning för kosmisk strålning” (Measuring  

Equipment for Cosmic Radiation) by Stefan Melin; this the foundation for the following 

thesis at Saab. Melin stated: “The purpose [...] is to build measuring equipment to 

AerotechTelub AB (AT) that will register faults in SRAM in contact with cosmic 

radiation. The equipment will be created around developcard from Memec Design with 

FPGA from Xilinx. The logic in the FPGA will be implemented with the hardware 

described language VHDL. The SRAM which will be tested is built using CMOS 

technology. The memory cells will be loaded with a predetermined bit pattern. Changes 
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in the memory cells will be registered, together with the address where the fault came 

up.”10

It was also important to settle on a project model at an early stage. A linear model, such 

as the waterfall model, did not fit the needs of the project; instead, the iterative life cycle  

model was selected. To be able to quickly iterate ideas and concepts within the user group

—the single end user in this case—this theory was considered the best way to start.

In the design approach, it was also required to decide how to consider usability for this 

particular and very limited user group. The problem and limitations at hand resulted in a 

list of ordered usability goals presented in the appendix, and the focus started with utility,  

safety, memorability and learnability.

Having gained a general understanding of the problem and the theory, the next step was 

to identify the needs of the user. The special situation with access to the whole future user 

group was probably a once-in-a-lifetime situation, but nonetheless important for the 

process.

5.2 Low-fidelity prototyping

After a while, the understanding of the background had reached an acceptable level, the 

needs had been identified, the requirements were more defined than at the start, and the 

usability goals were ordered. It was time to start the creative process by sketching and 

building lo-fi prototypes.
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5.2.1 The previous interface

A good starting point for prototyping was to look at the previous interface. This interface 

was something the end user was already familiar with, but which did not fulfill all 

requested features.

The previous interface was created in LabView, a tool for electronic instrument control  

and visual programming from National Instruments11. The interface (Figure 1) focused on 

basic components such as buttons and check boxes to handle the input and settings the 

hardware required.

This was a good input to the prototypes and supported the assumption that utility was the 

main usability goal. This very simple and straightforward interface, using well-known 

interactive elements such as buttons and “lamps”, is really designed to present the 

appropriate functionality to the user when it is needed. Though it is simple, it provides 

everything at once, which is neither the best nor only way to reach the goal of utility.

5.2.2 Commented selection of sketches 

The new interface should solve the same problems as the previous one, but also present 

the output from the hardware. Some of the many sketches and prototypes created during 

15
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the iterative design process that aimed to address this requirement are shown on the 

following pages. They are all commented with regard to usability and the ordered 

usability goals in particular.

16
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Figure 2 is a sketch of a layout very similar to a Web page. The menu is located to the 

left, command buttons at the top and the content/input area on the center-right. This 

sketch has interaction advantages in the common layout, in particular the left-hand menu. 

The Web-inspired layout will have a positive impact on the memorability and learnability  

usability goals.

The command buttons at the top of the sketch represent some of the basic commands 

available to send to the device from the computer program. Below each button there is a 

label representing the current status of the command. This creates a better awareness of 

17

Figure 2: Sketch with a test for a left-hand menu



Interface for Measuring the Effect of Cosmic Radiation on Computer Memory

Anders Moberg

the system status and adds to the usability goal of safety, without losing too much in 

terms of utility.

Figure 3 shows a sketch of an interface based on a tabbed design pattern. The strengths 

here are that each specific task has its own tab and each tab is equipped with the 

appropriate tools to solve that particular task. This is not only a good starting point from 

which to reach the utility goal, but also a good start regarding the learnability and 

memorability goals. Because the problem is divided into tasks, and each task has its 

limited set of tools, there is less to learn and remember. It is also easier to recall what to 

do in each situation.

A weakness of this approach is that the only way to navigate is through the tabs at the 

top. To use a garage analogy, we can see each tab as a toolbox designed for a specific 

purpose. One toolbox for changing the ignition plug; another for fixing the brakes. When 

we have taken the toolbox out to the car in the lane and have finished with the ignition 

plug, we are too lazy to go back to the garage to bring out the second toolbox for the 

brakes.

18
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The sketch in Figure 4 is a creative idea for how to configure the system before running a 

test. The outline in the upper-right corner is a miniature of the circuit board where the 

different memory cards could be mounted. The spatial information in the miniature can 

overcome learnability and memorability issues and also increase safety.

19
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Figure 5 is a sketch made after considering the usage scenario described in chapter 5.5 

First-hand experiences and understanding of the use cases, where the real work flow 

became clearer. The diagnosis step was something that had only briefly been discussed as 

a feature, but which now turned out to be a requirement. 

The sketch illustrates three steps separated by horizontal bars. First, a button to start the 

diagnosis, followed by a text area where the output of the diagnosis will be shown. Then 

there is a section where the log file should be selected, and finally a button to start the 

test. The button to start the test only appears when the diagnosis has been completed with 

a positive result, or if the user has clicked the option to start without a diagnosis. The 

strength of this sketch is that safety is enforced by the diagnosis procedure and the 

conditional button to start the test.

20
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5.3 Summary of sketches

The sketches in the previous section are from different iterations during the design work. 

The idea behind showing these sketches is to give an understanding of how different 

elements ended up in the final version described in chapter 6 The final prototype. But 

before looking at the final result, there will be some comments about the programming 

and a walk through of the insights gained when working practically with the SRAM 

device and the LabView software.

5.4 Programming the software

As mentioned earlier, the scope of this report extends to the user interface and not the 

programming. But because a time-consuming part of the work was performed as a 

programmer, some mention is required, especially when the platform set some constraints 

to the design outcome and enabled the achievement of a usability design goal.

The code had two major parts: logic and communication with the external device; and the 

user interface. Development of both parts was done in the Microsoft .NET Windows 

Forms environment.

When it came to communication between the computer and the device, the serial port was 

used and communication was based on hexadecimal codes. Together with the other thesis 

researcher, who focused on the device, a rather simple communication framework was 

designed. 

By using the .NET framework for the user interface programming, a lot of standard 

components became available and that were an input to the sketching and prototyping 

process where both the programming and the design benefited from the iterative 

approach. A very good thing here was that the standard components in the Windows 
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Forms were very easy to understand for the user group and directly helped the utility and 

learnability of the graphical interface.

5.5 First-hand experiences and understanding of the use cases

So, during the thesis period an opportunity occurred to gain an understanding of how the 

application and device would be used in a live research situation. To be more precise, the 

previous system for SRAM would be used in the radiation test facilities at TSL in 

Uppsala, Sweden. This was an opportunity that was planned, but had effects on most 

activities that had been undertaken prior to the trip to Uppsala.

The use cases or usage scenarios that were planned for were:

• Setting up the equipment

• Monitoring the test

During the time spent in Uppsala, it became obvious that there was one extra scenario to 

consider: the diagnosis of the setup and the mounted memory cards. It was also obvious 

that there was work to be done at our own facilities before going to the labs.

The following images aim to give an understanding of the context in which the device 

and computer program should be used in. The pictures also make it easier to better 

understand the findings presented in the next section. 

22
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Figure 6, Figure 7, Figure 8 and Figure 9 show the equipment, the testing environment, 

the particle cannon and the control room located a few minutes away from the chamber 

where the radiation tests were performed.

Unfortunately, a functional prototype had not been completed at the time, either for the 

device or the computer program. However, the experience of using the previous 

equipment and fully understanding the user scenario generated so much value that many 

23

Figure 7: Memory cards mounted on two circuit  

boards standing in the beam

Figure 6: The test area with the particle cannon in  

the background

Figure 9: The control room Figure 8: The test area with the particle cannon



Interface for Measuring the Effect of Cosmic Radiation on Computer Memory

Anders Moberg

of the concepts designed up to this moment had to be redesigned. Basically, it was back 

to prototyping and sketching again. This experience showed the strengths of the iterative 

process described in chapter 4.1, where discoveries of this nature are a part of an agile 

way of working. If a sequential model like a waterfall had been used, the consequences 

could have been tougher to handle.

5.5.1 Insights from the first-hand experience

As mentioned earlier, many interesting findings were made that had not been identified 

during the work in the office. In chapter 4.2 Identify needs, it is proposed that a good 

design requires an understanding of the context in which it is expected to be used. This 

fact became obvious, and in the following sections the new context-aware observations 

are presented. 

First off, the diagnosis of the hardware had a much more central role than expected. The 

procedure of diagnosis was quite extensive because it needed two operators: one at the 

computer in the control room, and one at the memory cards in the radiation chamber. The 

location of the radiation chamber containing the test equipment was roughly 3–4 minutes 

away and very well shielded by lead and concrete, so it was not possible to use cell 

phones or walkie-talkies. The available options at this facility were a badly placed 

telephone or a few minutes' short run. This newly identified use case lead to the 

functionality shown as a sketch in Figure 5 and as a screenshot of the final prototype in 

Figure 11. 

Another contextual finding was that these facilities are very expensive to rent, so many 

scientific groups from different countries get together and share the beam and the 

chamber. To maximize efficiency and avoid sleep deprivation, the different teams help to 

monitor each others' equipment, while the other teams get some rest. Even though the 

other teams do not operate each others' equipment in an advanced way, they might 
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occasionally need to pause or restart the test, due to issues with the beam or due to other 

situations that might occur when undertaking this kind of research. This lead to new 

sketches of the operative parts and, of course, the language question was settled—there 

were no other options than English.

Yet another observation was made—the importance of an R&D look and feel. It is hard to 

say if any of the researchers would admit to this requirement, but it was obvious that the 

flexibility of a homemade program specially built for the specific use of testing memory 

circuits was the common standard. The applications and devices were discussed with 

open minds, and the openness to include ideas from each other seemed favorable.

With these findings in mind, the final prototype should be more interesting to look at in 

the chapter below.

25
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6 The final prototype

The final prototype is a Windows program built in the .NET environment, based on 

standard components and a custom-built, real-time chart for visualizing errors occurring 

due to radiation. The use of standard components contributes to the top-ranked usability 

goals—learnability, memorability and safety—according to the list in chapter 4.6 

Usability design for one exclusive user. Below you can see screenshots describing the 

solution.

26

Figure 10: The setup tab Figure 11: The diagnosis tab

Figure 12: The monitoring tab Figure 13: The list of cards tab
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The final prototype, as seen in the screenshots above, was built upon four panels or tabs, 

each supporting its own basic part of the work flow.

• Setup and required metadata (Figure 10)

• Diagnosis of the hardware (Figure 11)

• Monitoring the test (Figure 12)

• Detailed setup for each memory card (Figure 13)

It is fair to describe the end-to-end work flow of this computer program as quite wizard-

like. A wizard is an interface tool that leads the user through the interface, step by step, in 

a predefined order. This wizard works in a divide and conquer manner, creating a 

sequence of chunks, which makes it easier for the user to handle each step.6

A typical work flow would start with the setup, continue with the diagnosis, and end up in 

the view for monitoring the test. The fourth panel is where the detailed setup of the 

memory cards to be used during the test is accomplished. This activity supports the test 

leader during preparation at the office before going to the test facilities.

6.1 Walk-through of the final prototype with regard to the 

ordered usability goals

One of the biggest theoretical challenges in this thesis was to balance the focus of 

usability against the overall architecture and programming within the limited time frame 

and budget. In chapter 4.6 Usability design for one exclusive user, an ordered list of the 

design goals is presented. This list is based on the argumentation that could be found in 

the appendix. In this list, the highest-ranked usability goals for the situation at hand, 

designing for one exclusive user, were utility, memorability, learnability, and safety. In 
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the following chapters, a walk-through focusing on these goals will show how and where 

they can be seen in the final result.

6.1.1 Utility

The tabs in Figure 14 allow the user to easily see what panes are available and select one 

at a time. The pane that is visible at the moment provides utility by letting the user solve 

the problem with the right tools at the right time and in the right sequence.

By letting the action buttons at the end of each pane (Figure 15) take the user to the next 

tab in a sequential, wizard-like manner, the software presents the right tools on the screen 

at the right time.

The idea of these buttons, with their ability to change the active pane, came from the 

early sketches and is exemplified in Figure 3. In this sketch, the weakness was that the 

user was required to change the tab, which reduced the utility of the interface. With these 

buttons creating a transition from one set of tools to the next, that weakness is 

compensated for.
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6.1.2 Memorability and Learnability

To make the interface easier to use and still have the look of unpolished research software 

which still was in development (as described in chapter 5.5.1), the Windows look and feel 

with standard components was used. The Windows standard components were very 

familiar to the user group, and this would reduce the learning time and also make it easier 

to remember. 

The strife for consistency with tabbed panes (Figure 14) and action buttons at the bottom 

of each pane (Figure 15) is relevant for both learning and remembering the interface. By 

following the convention of using green for the start button and red for the stop button, 

positive effects for the both memorability and learnability were achieved.

During the visit to TSL in Uppsala (as described in chapter 5.5.1), it became obvious that 

the interface language needed to be English, due to the fact that other scientists from 

other countries might monitor and operate parts of the software. Using English would 

enable these users to learn and remember the interface as well. A positive side effect of 

using English is the possibility to be able to demonstrate the software in an international 

environment to colleagues and fellow scientists.

6.1.3 Safety

Safety has many different aspects, and by using the input fields to validate themselves, it 

became almost impossible to send incorrect values to the hardware or to the calculation 

layer in the application. Another constraint was that all the required fields in the setup tab 

had to be filled in before being able to progress to the diagnosis pane.

Based on the sketch in Figure 5, the diagnosis in itself became a tool for both safety and 

efficiency. During first-hand-experience sessions in Uppsala, the problems with the 

diagnosis procedure became very clear. To increase safety, a test algorithm was designed. 
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The algorithm writes to and reads from the memory cards to check if everything is 

working and the hardware is responding in a proper way. The diagnosis is a preferred step 

before starting the test, but can very easily be skipped if circumstances warrant it. Figure

16 shows this skipping procedure. A short reflection on the link to button sequence is that 

a grayed out button and a question if the user really wanted to skip the test would have 

been an other, likely better, way to address the problem.   

When adding this skipping procedure, it was intended that utility be given higher priority 

than safety when a constraint creates a bottleneck in the work flow as a whole. With this 

feature, it is time to wrap up the walk-through of the final prototype, and continue to the 

concluding part of the report. 
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7 Conclusion

This has been good and realistic thesis research that really pointed out the differences 

between the academic sphere and the corporate sphere. With this project finalized, many 

potentially lifelong experiences were gained. In the following chapters, there will be a 

conclusion on the methods and work process, and also a rather uncommon reflection 

when looking back at the thesis work almost five years later.

7.1 Methods and work process

By using the methods of sketching and prototyping, communication with the user group 

(or user in this case) went very well. These two tools, together with the fast prototyping 

possibilities of .NET Windows Forms, were essential to attain the usability goals 

required. With the user interface drafted, the underlying logic and algorithms were 

programmed.

During the first-hand experience in the lab in Uppsala, many important findings were 

made, which probably delayed the development too much when looking back. At the 

same time, it was not possible to schedule those sessions any earlier, and with limited 

experience, it was hard to anticipate how incomplete the information from an interview 

would be. In this case, both the designer and the end user thought that the use cases were 

well communicated. But to rely on second-hand information is always a risk, a risk that 

could have be mitigated by a planning session together with an experienced designer or 

project manager, where the activities could have been scheduled in the right order. 

The order of the usability goals when designing for one exclusive user is an interesting 

concept for a very unlikely scenario. The list itself will most certainly not be re-used but 

the logic and analysis in prioritizing the list is at least a personal experience that 
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generated a better understanding of Preece's3 Usability Goals and Norman's4 Design 

Principles. 

7.2 A reflection on the thesis research five years later

While finalizing this report almost five years later than planned, some reflections and 

recommendations for other thesis researchers came to mind.

The first thing is how the lack of routine can be seen at the start of a project. It is very 

important that you have a clear and well-defined goal. If the goal is not very clear, it is  

hard to reach. The route towards the goal should be a time plan and an activity list. 

Weekly scheduled meetings with the sponsor and a 10 percent buffer at the end of the 

project are also tools I would have used today. In summary, though we actually reached a 

goal, was it the right goal? Could the work have been even more efficient?

Other good recommendations for a new thesis researcher would be:

• Write the thesis report in parallel with the thesis research

• Try to use a project management framework that can help you in your future 

career 

• Socialize and network with as many people as possible

• Try to learn as much as possible from everyone, especially from outside your own 

area of expertise 

• Set a final, extra high-level goal (a so-called stretcher) which is not expected to be 

reached under normal circumstances. When all the basics are finished, you still 

have a reward left to strive towards excellence!
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Appendix A: Usability aspects of design for one 

exclusive user

Most usability paradigms are concentrated on large user groups. For smaller groups or 

single users, these paradigms and principles lack applicability. Even in the ordinary case 

of larger user groups it is hard to prove the gain of usability with ordinary economic 

expressions such as Return on Investment (ROI) or Total Cost of Ownership (TCO)12. In 

the case of one exclusive user, it becomes even harder to justify it.

From an economical point of view, is it effective and defensible to dedicate resources to 

usability design? Consider a piece of software with a learning time of 30 minutes and a 

group of about 10,000 users. It could be effective and defensible to dedicate 100 hours to 

enhance the learnability and reduce the learning time to 15 minutes. When designing for 

one exclusive user, the same equation would not result in many minutes to design that 

aspect.

The following discussion aims to order the usability goals among each other, based on 

rational and economical reasons. For this discussion, Norman's design principles4 are 

used as a guideline through all the usability goals. This ordered list is meant to be a 

supportive tool to use in a situation with very limited resources where we are also 

designing for one exclusive user instead of a larger user group.

34



Interface for Measuring the Effect of Cosmic Radiation on Computer Memory

Anders Moberg

Usability goals

The usability effort is aimed at different goals. Preece3 defines six goals which all 

optimize the interaction between the interactive product and the user. 

• The interactive product should be effective to use, meaning that the system should 

do what it is designed for. 

• Another goal is that it should be efficient to use in the sense that the system helps 

the user to carry out the intended action in an efficient manner. 

• Safety is another requirement of the system such that the user is protected from 

situations that are dangerous or undesirable. 

• The system should also have a good utility, which means that the product or 

interface should support the user with the appropriate tools to do that which the 

user intends to do. 

• It is also important that the system is easy to learn. One way to decide if a system 

is easy to learn is to apply the ten-minute rule13. If it is possible to learn the 

interface in ten minutes, it is considered acceptable. This rule is not appropriate to 

use on complex systems but is still an estimate worth considering. 

• The last goal is that the system should be easy to remember how to use once it has 

been learned.

Design principles

Design principles work like reminders of what is preferable (or not) in an interface. An 

accepted and well-known set of design principles are presented by Norman4. The 

principles are visibility, feedback, constraints, mapping, consistency and affordance.
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Visibility is a reminder of the fact that when a control or function is visible, it is more 

easily found by the user, and that if the control is findable, the context of the controls 

eases the process of deciding what and how to act in the situation. This is described by 

Norman as, “The good relationship between the placement of the control and what it does 

makes it easy to find the appropriate control for the task”4

The system status—what the system is doing at any moment, or what it has so far 

accomplished—is something that can be shown to the user to make the use of the system 

more understandable and less annoying or confusing. This principle is called feedback. A 

good example of appropriate feedback is an old-fashioned phone system. “The push 

buttons were designed to give appropriate tactile feedback. When a button was pushed, a 

tone was fed back into the ear piece so the user could tell that the button had been 

properly pushed.”4

Another principle to consider is constraints. Is it preferable or not to restrict the user's 

possible actions? These constraints must not only be implemented, but can also affect 

use, because users have cultural conventions or cultural constraints that reduce the ways 

to understand and use the system. Norman gives a few examples of the different possible 

constraints. Cultural constraints: “Red is the culturally defined standard for a stop 

light”4.Physical constraints analogous to the classic toy based on wooden blocks: “... a 

square peg cannot fit into a round hole.”4 Logical constraints as exemplified by a puzzle: 

“... only one piece left; only one possible place to go.”4

Mapping is a reminder of the relationship between a control and its effect, as exemplified 

by, “If two switches control two lights, the left switch should work the left light, and the 

right switch, the right”4, or “Consider the mapping relationships involved in steering a 

car. To turn the car to the right, one turns the the steering wheel clockwise (so that its top 

moves to the right).”4
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The importance of using a similar approach to similar problems, and using the same type 

of actions and objects within the same context, is called consistency or standardization.  

Norman refers to this as: “With standardization, once you have learned to drive one car, 

you feel justifiably confident that you can drive any car, any place in the world.”4 This 

also applies to many computer programs. If you can use Internet Explorer, it is very likely 

you also can use Safari, Firefox and Chrome.

The term affordance relates to the principle of designing objects in such a way that they 

give clues about how to use or interpret them. “Affordance provides strong clues to the 

operations of things. Plates are for pushing. Knobs are for turning. Slots are for inserting 

things into. Balls are for throwing or bouncing. When affordance is taken advantage of, 

the user knows what to do just by looking: no picture, label, or instruction is required.”4

Order of the usability goals

A problem in both design and development is limitations. Time is often the most limited 

resource, as an extension of the budget. When designing for one exclusive user, the 

budget is even tighter and, therefore, the time available to invest in different usability 

actions is also less. This situation requires some selection of which design goals to focus 

on. A few guidelines and an ordered list of the usability goals can be an effective tool for 

a designer planning a design process with regards to the existing limitations. The design 

goals can be ordered with regards to Norman's design principles, an economic 

perspective, and the designers previous experience. In this way, they can assist in the 

relatively odd situation of being asked to design for one exclusive user. 
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Starting point for the walk-through

There are many special circumstances when designing for one exclusive user instead of a 

larger group. Most of these circumstances result in limitations, but some of them put the 

designer in a unique position. An example is that the unique needs of the user are much 

easier to identify and that these needs can be used as a baseline when starting the design 

process. 

Often, when designing for a large user group or target group, a designer creates a pseudo 

person—a persona. A persona represents the group as one or a few persons with focus on 

details and daily behavior.14 In this case, when the user group is one person, this pseudo 

person can be created with extreme accuracy. 

Through just a few interviews, almost everything about the user and their experience and 

demands can be documented. This already answers a few design questions right from the 

start. If the user has no perceptual disadvantages, no accessibility design for limited 

visual capabilities needs to be considered, for example. The user's personal taste in 

esthetics and the their familiarity with different programs and interface design patterns 

also limit the need for extra research. When using the user's existing conceptual model, 

some iterations of the design process can be skipped, and testing if the design concept 

works with the user will almost certainly end up in a positive result. So, when designing 

for one exclusive user, the loss in resources will, to some degree, be compensated for by a 

great amount of information which can significantly reduce the length and cost of the 

design process.

Effectiveness

An important factor is that the software does what it is supposed to do; otherwise, its use 

would be irrational. Through close collaboration with the user, the needs and expectations 
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should be reachable and will almost certainly be exceeded. In that sense, effectiveness 

has a lower importance than utility. On the other hand, the effectiveness of the software in 

solving a problem is not always as a result of good usability design, but much more likely 

an effect of good technical engineering and technical design.

Visibility: In more typical cases, it is important to show the user what functionality the 

system offers so the user can work in an effective way. In the case where the user 

themselves created the specification, or the system is a digitalization of a pen-and-paper 

routine well-known to the user, the functionality is quite obvious. This does not take 

away the need to show the user what they can do in every situation in a logical way; it 

just reduces the need to show all functionality at once and instead rely on the user’s 

conceptual model.

Consistency: Software will be more effective if the user is familiar with the way the 

software's interface is structured and the way it solves problems. In the case of one 

exclusive user, it is possible to get a complete picture of what the user is familiar with. 

Even creating consistencies with older software or routines for the same work may be 

possible, and that would make the user situation easier.

Efficiency

The importance of an efficient system in the case of one exclusive user depends not only 

on how often that system will be used, but also on how much the most efficient 

conceptual model differs from the users conceptual model.

An efficient system supports the user during the interaction and, therefore, eases the 

user's workload. From an economical point of view, the gain of the efficiency design goal 

depends on two variables: how much faster each task is done and how many times this 

task is performed. If the efficiency design results in a ten-minute time gain and will be 
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used at least twice every day for at least two years, it will affect the total cost of 

ownership evaluation. In a case with the same efficiency gain, but where the system is 

used only a few times, it will have a very limited effect on the total cost of ownership, 

TCO15.

From a classic multiuser perspective, there are always a large number of users, so the 

accumulated time for efficiency earnings are higher and the feelings the system generates 

are of much higher importance. The views of one user can affect another user or a 

potential buyer. So, positive feelings result in positive ripple effects. With more satisfied 

users there is a possibility that it generates new customers; it will at least not generate 

less. A negative perception of the software, on the other hand, will create a negative 

ripple effect, and negative ripple effects have a greater magnitude than positive ones. If 

they are avoidable, they should be avoided.

Feedback: This special design situation may be a result of special circumstances, so there 

is actually a very limited user group or a very complicated task that needs a special 

designed program. Feedback regarding the system status is of high importance for the 

user if the task is complicated. It could even be impossible for the user to execute or plan 

for the next action in an efficient way without knowing what the system is doing or if it 

has finished a previously started sub-task. Feedback is important, but in this case it is not 

prioritized.

Consistency: When a program, as in this case, is custom made, it is a wise decision to 

keep it consistent with other similar programs or with programs this specific user is 

familiar with. This might make the program more efficient, learnable and memorable.  

Having complete information about the user makes it simple to both make the interface 

consistent and to take the design even closer to the efficiency goal.
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Safety

The safety aspect is an important factor because the system might be created to solve a 

task that no other systems are solving. This means that the developers are heading into 

uncharted territory, where safety may not have been standardized or even discussed yet. 

With the user in mind, a high priority is to prevent situations where the system can harm 

the user, or the other way around.

In economical terms, safety is a development cost which may be reducible, but, on the 

other hand, could lead to an extended cost of ownership due to harm to the user, users 

harming the system, or the fact that the system makes the user uncomfortable and stops 

using it or uses it very slowly. 

In multiuser cases, a well-based and tested security foundation would be a wise usability 

goal, whereas in cost-effective, one-exclusive-user cases, fast and simple safety measures 

might be a wiser decision. 

Visibility: An example of a basic safety measure is to show what actions can lead to 

something unsafe or a permanent change through a warning picture, colored label, 

colored button or an object with its importance visualized by size.

Consistency: A common function in modern software is the undo function. This might be 

a function that consumes a lot of time to implement but gives the user courage to explore 

the system in ways they would not without this functionality. With limited time, a 

function that restores status to a previous condition or to a start condition may have a 

similar effect, but require a much shorter implementation time.
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Constraints: To logically or physically constrain some actions when they are not suitable 

is a simple safety measure. An example of this is to validate input before it is processed. 

Time, such as dates, hours and so on, is preferably entered in such a way as to avoid any 

errors in the underlying calculations. Solving safety problems in the interface reduces the 

need for larger programming tasks on a lower level, which most certainly is more costly.

Utility

The utility aspect of giving the right tool at the right time to the user is sometimes the 

only expected usability goal documented. Allowing the user to solve the task the user 

wishes to solve is essential in this case, as there is one exclusive user. When buying 

software systems out of the box, the acceptance level is a bit higher for factors such as 

too many or too few functions. These gaps are often handled by configuration or just 

accepted as they are. When custom-building software, the expectation that it solves the 

tasks it is designed to solve is fundamental.

The budget for a project is often proportional to how often the system is used or how 

important the task is. With a larger budget, more time could be dedicated to utility. Goals 

such as efficiency and effectiveness become less important if the project specification 

states what tools are going to be used, how it should work on a detailed level and the 

internal importance of those tools.

Mapping: With one exclusive user, it is likely the user is very familiar with the task the 

software is designed to solve. So, the need for good mapping between interface 

functionality and the task, or at least the users conceptual model of the task, is essential.  

Affordance: As with mapping, a good affordance of the functionality is important. To use 

the user's prior knowledge and experience to present the right function at the right time is 

an obvious approach.   
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Learnability and Memorability

In this case, almost the same arguments could be raised regarding learnability and 

memorability. When the possibility of designing for one exclusive user occurs, a detailed 

interview with the user can present the designer with important information, such as the 

user's experience, ideas, conceptual models and other information that presents a good 

foundation for designing an interface which is easy to learn and easy to remember.

From the economical perspective, access to the user will reduce the cost and help the 

designer to identify the best interaction design patterns for the situation. By using a 

standardized pattern, there are ready-to-buy building blocks which may shorten the 

development process significantly. By selecting a standardized pattern or patterns, less 

research is needed on the user experience, and this also reduces the costs.

Consistency: A user's knowledge and experience of other software and interfaces 

generates the possibility of building an interface based on those experiences, including 

icons and other interface parts the user is familiar with. If designed correctly, such an 

interface has an extremely short learning period and is easy to remember, because in its 

basics, it is the same as the other software from the user’s everyday experience.

A proposal for a usability approach in one 

exclusive user situations

The following design proposal is a summary of the discussion above and intended only 

for the situation of designing for one exclusive user who is able to be interviewed and has 

prior experience with computers and software. 
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General reminders

The user is an extraordinary resource in this case, and everything a designer wants to 

know about this group, the single user, is within reach. The user should be able to answer 

or at least point the designer in the right direction for each question. 

This proposal starts with a few general reminders about this situation.

• Check with the user if there is any need for accessibility design such as colors that 

cannot be seen, the need for larger text, and other special needs.

• Find out what software the user is familiar with and use this as a design pattern 

for the interface. If the user has no reference to software that presents information 

or tasks in the way needed for the problem at hand, use a proper design pattern. 

• Interview the user with semi-structured techniques and understand the user's 

conceptual model for this software and the task it is to solve. This model will help 

you build an interface that the user can understand very quickly. 

The usability goals ordered

Utility is the most important goal for usability design in this situation. The buyer of the 

software requires the design and software to solve the actual problem. If it does not 

complete the tasks it is supposed to complete, the design can be considered a failure. The 

main focus is to create an interface that lets the user solve the expected tasks. In that way, 

the most basic usability goal is reached.
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Memorability and Learnability are the second most important goals to focus on. By 

taking advantage of the possibilities to get to know the user, these two goals should be 

reachable. In fact, the user's conceptual model, their personal experience and 

requirements, are all accessible from the beginning. With this information, it is easy to 

design an interface that reminds the user of other interfaces and environments they are 

familiar with and that fits their conceptual model. The small effort required to reach these 

two goals, if really taking advantage of knowing the user, makes these goals the second 

most important. As a positive side effect, these goals set the design and software to a 

much higher and measurable standard than expected within the limited time frame.

Safety is a goal that is somewhat expected but not often documented in the requirements 

for the design. The problem with an interface designed without any safety aspects is that 

it invites the user to err and, at the same time, forces safety down to a lower level. With 

good understanding of the safety aspects, a resource transfer from programming to 

usability design could take place. With logical or physical constraints stopping unwanted 

actions in the interface, the underlying software can often be finished faster. The software 

can also gain a lot from such constraints. If, for example, a text box only accepts numbers 

as an input, then there is less error handling in the lower layers, in both the case of 

reading from or writing to a text box.  

Effectiveness is important in the way that the software and interface solves the expected 

tasks in an effective manner, but is of much lower importance than utility. The highest 

priority is that the task is solved, not that it is solved in an effective way. On the other 

hand, if the task will be executed several times each day for many years, the need for a 

effectiveness rises, and with this need appear requirements that are easy to translate to 

Return on Investment or Total Cost of Ownership and can, therefore, be used as an 

argument for more resources allocated to the usability design. 
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Efficiency is the goal that is least important, but at the same time the goal that results in 

the most notable design details. Efficiency often consists of many details, each of which 

may be easy to fix. Together, however, they usually sum up to a very time-consuming 

task. The effect of details such as creating a good tab order for the elements, placing a 

button in the right place, and supporting actions with icons makes the software more 

enjoyable to use and creates a feeling that is a good foundation for arguing for more 

resources. Efficiency is the lowest-priority goal, but has an extraordinary built-in power 

to impress with its possible outcomes, which is almost always wanted but seldom 

required.
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