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ABSTRACT

Designing usable Graphical User Interfaces (GUIs) is a complex process and requires at least two things: knowledge of known GUI design principles and guidelines, and knowledge of structured methods for achieving usability. 

The purpose of writing this thesis was to investigate whether a GUI standard increases a program’s usability or not. In many cases, people who take part in GUI decisions do not consider following a standard and the decisions are often based on what is best for them. Consequently, in most of the cases, programs turn out to be inconsistent and less usable. But following a GUI standard does not necessarily guarantee usability.

To carry out the investigation, the GUI of a program was deliberately manipulated. Apart from the original one, two more versions were created; one strictly according to the Microsoft Standard, and one that among other things violated the standard. To be able to compare the three GUI versions, usability testing with four test users was conducted. 

The result of the entire investigation showed that a GUI standard increased the usability considerably. But the result also showed that the test users found the GUI, that in some aspects violated the standard, more pleasant to use, that is to say, users’ satisfaction was higher. This indicates that standards ensure consistency, which provides a sense of stability and makes the GUI familiar and predictable. But GUIs should also be tailored for and validated against the users’ requirements, and this is done with structured methods for achieving usability.

As a GUI designer, your knowledge of the standards is the absolute minimum requirement for developing GUIs. By knowing and understanding the standards, you will also have the knowledge of how to violate the standards in order to achieve a higher degree of usability.
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1. introduction

We have chosen this subject because of our genuine interest in system development. So far the design of Graphical User Interfaces (GUIs) has been a missing part in our educational programme. Since we have taken several courses in system design, we should now like to obtain knowledge of the top layer in system architecture (Presentation at the top, Application Logic in the middle and Data Storage at the bottom) as well. Designing usable GUIs is not easy and should therefore not be underestimated. Everyone who takes part in GUI decisions should have the knowledge of how to accomplish usable GUIs.

1.1 Background

The connection between the program and a user is called a user interface and not a program interface for a reason. Just about users’ entire experience with a program is their experience with its user interface. Users are what user interfaces are all about. The ultimate goal of user interface design is to help users get their work done [McKay99].
Throughout the software industry, software engineers develop user interfaces with little   – sometimes no – support and guidance from professional user interface designers. Therefore, software developed by professional programmers, who have little user interface design experience, is typically full of design errors [Johnson00]. A well-designed user interface is built on principles and a development process that centre on users and their tasks. If the user interface is poorly designed you notice the interface, but if a user interface is well done you notice the program [McKay99, p. 44].

As far as the user is concerned, the user interface is the program. If the user interface isn’t good, the program isn’t good [McKay99, p. xvi]. As the user interface is what users see and work with, they don’t really care what is behind it. The only thing that matters is that they can achieve their goals, in other words, that the user interface has a high degree of usability.

To produce usable interfaces, at least two things are required [Mayhew99]:

· Knowledge and application of known user interface design principles and guidelines.

· Knowledge and application of structured methods for achieving usability.

These points will be further presented in chapter 2.

1.2 Context 
This thesis will treat a GUI standard’s impact on usability. The main issue is if a standard really increases the usability or if it is just a set of rules that restrict the system developers’ ability to be flexible and creative. Following a standard does not necessarily guarantee usability.

In order to accomplish our thesis we will cooperate with a company called ITT Flygt in Emmaboda, which is the world’s leading manufacturer and supplier of pumps, mixers and aeration systems.

ITT Flygt develops GUI applications both for their world-wide customers and for their internal use within the group of the company. When designing Windows-based GUI applications, an old standard is used as a basic data for decision-making. This standard was prepared in 1995 and is based on Windows 3.1. Until now the standard has not been revised and the company is in need of a new document, which is adapted to the Microsoft Standard.

For a company like ITT Flygt, that develops Windows applications for thousands of users all over the world, it is extremely important that the applications have a unified appearance and that users feel familiar with the GUI. Consequently, ITT Flygt’s main reason of having a standard is to design uniformed GUIs.

Through our cooperation, both parties will be favoured. From our point of view, firstly we will get valuable feedback from competent system developers, who have experience of GUI design. Secondly we will have the possibility to examine a great variety of different GUIs developed within the company, with or without a standard, and finally we will have the opportunity to implement the testing process within ITT Flygt.

From ITT Flygt’s point of view, the company will receive a new document including GUI design guidelines, based on the Microsoft Standard, and propositions of how to increase usability.

1.3 Purpose

The purpose of writing this thesis is to investigate whether a GUI standard increases a program’s usability or not. By presenting the subject of standards and usability to the target audience, we hope to increase readers’ awareness of designing usable GUIs. Taking these aspects into consideration will maximize the satisfaction of the end-users. Despite everything, the user interface is the bridge between the worlds of the system and the users and should therefore be thoroughly planned when designing.

1.4 Goals

Our main goal is to:

· Find out how a GUI standard affects usability.

· Present how to accomplish usable GUIs. 

1.5 The Audience

The target audience is all members in a development team e.g. product developers, programmers and system developers, who take part in GUI decisions when developing software. Furthermore, our result and conclusion should be of benefit to anyone who is interested in GUI design and usability.

1.6 Delimitations

As a standard is a wide concept the scope of the thesis is delimited to the Microsoft Standard. We are only focusing on the GUI design guidelines for Windows based applications. The GUI design guidelines are restricted to visual affordance, general appearance and use of components.

Concerning the concept usability, factors that affect the usability such as the users’ physical, social and cultural environments and cognitive psychology are not treated. Neither is the usability factor memorability included in this investigation.

Technical aspects or implementation are not covered in this thesis.

1.7 Hypothesis

Our investigation of the hypothesis is the main point of this bachelor thesis. We believe that GUI standards are not widely used when developing GUI-applications in companies, and that those GUI standards improve usability. Starting from that assumption we have formulated our hypothesis in the following way:
“A GUI standard improves usability“.

With this statement we will try to see if there is a relationship between a GUI standard and usability. To be more precise we have formulated our input (independent) and output variables (dependent and measurable variables) according to the following model:

 




   







1.7.1 Input Variables

· GUI: A Graphical User Interface is a user interface that combines text and graphics to present data. We refer to GUIs in Windows based applications.

· Standard: GUI guidelines based on the Microsoft Standard. The reason why we have chosen to focus on the Microsoft Standard is because ITT Flygt is following this standard when designing their applications. The motivation of their choice is that most users are familiar with the Microsoft Windows Environment.

· Visual Affordance: “Self-exploratory”. Affordance relates to the ability of a user to determine how to use an object just by looking at its visual clues. Parallels can be drawn to everyday things, such as a door handle. If a door looks like it should be pushed, people are going to push it [Norman88]. Windows maintains the following visual affordances [McKay99]. 
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· General appearance: General recommendations of how to establish a familiar and comfortable GUI style [McKay99].
· Use consistency. A consistent appearance will make the user interface easier to understand and use. 
· Use arrangement and flow.  Place the more important information on top and to the left. The upper left corner receives the most attention.
· Use alignment. In general, use left alignment to make user interface elements easier to scan.
· Use grouping. Group related user interface elements to show relationships. 

· Use emphasis. Draw attention to the GUI elements that need to be seen first, using focus, location, colour and so on.

· Use of components: Guidelines regarding the use of controls( e.g. check boxes, list boxes, command buttons, edit fields) and location and format of standard display components(e.g. navigation controls, status line, title bar) [Mayhew99]. 
1.7.2 Output Variables

Our choice of the following usability factors is based on the definitions of usability, expressed by system developers in ITT Flygt. Those definitions are also compatible with the explanations in most of the literatures. 

· Usability: How well a GUI supports the performance of activities by users.

· Learnability: Ease of learning for novice users. 
· Speed of performance: The relative time it takes for a user to perform a task. 
· Incidence of errors: The error rate for minor and catastrophic errors. 
· Subjective satisfaction: The user’s opinion of how pleasant the program is to use.

1.8 Research Questions

The following research questions will be used to focus on the problem area and to identify what can be measured:

· How does the GUI standard affect the level of learnability?

· How does the GUI standard affect the speed of performance?

· How does the GUI standard affect the incidence of errors?

· How does the GUI standard affect the subjective satisfaction?

2. design of usable guis 

2.1 GUI Standard

A GUI is a user interface that employs graphics to present data and interact with the user. The principles for designing user interfaces are the same. Therefore, the fundamental guidelines for user interface design, which are also applicable in GUI design, are explored in this chapter.

* * * 

User interfaces are more than just the window and dialog boxes. In addition to the user interface elements (for instance graphics as in a GUI), user interfaces also include details like how the program installs, how fast the program loads, how responsive the program is and how helpful the error messages and documentation are. All these factors play a role in how the user perceives a program. Just about their entire experience with the program is their experience with its user interface. If a program works slowly, the interface will get the blame, whether the slowness is caused directly by the user interface or not [McKay99]. 

* * *

It wasn’t long ago that computer-based products were intended and designed only for technically trained users such as engineers, scientists, and other programmers. Software engineers assumed that they already knew what they needed to know in order to design successful products. When they themselves were the intended users, it was good enough.

However, the intended users are now workers in every type of business and consumers in homes all over the world. The assumption that software developers can design usable and useful products without much special effort to import task domain expertise is now completely invalid. As the computer has become an everyday thing used in people’s daily routine, user interface design needs to reflect this fact [Johnson00]. 

* * *

There are a number of fundamental guidelines of making products usable and understandable, no matter what type of product it is: doors, telephones or refrigerators. These principal design guidelines can be applied to a great extent in user interface design as well. Design should make sure that the user can figure out what to do and that the user can tell what is going on. The principles of design are straightforward [Norman88]:

· Visibility gives the user the ability to figure out how to use something just by looking at it.
· Affordance related to the perceived and actual properties of an object that suggest how the object is to be used.
· Natural mapping creates a clear relationship between what the user wants to do and the mechanism for doing it.
· Constraints reduce the number of ways to perform a task and the amount of knowledge necessary to perform a task, making it easier to figure out.
· Conceptual models allow that users’ understanding of how something works to correspond to the way it actually works. This way the user can confidently predict the effect of his/her actions.
· Feedback indicates to the user that a task is being done and being done correctly.
* * *

Computer-based products should be designed to let users focus their attention on their own problems and goals. Software should be designed so as to support activity in the software’s target task domain, but it should minimize or eliminate the need for users to spend time problem solving in the domain of computer technology. The user should always feel in control of the software rather than feeling controlled by the software [Johnson00]. The main principle in user interface design is that technique should serve users’ need:


“Focus on the users and their tasks, not the technology” [Johnson00, p. 10].
Making a serious effort to understand users and their tasks takes time and costs money. But it is crucial, because the cost of not understanding them before beginning to design is much, much higher. 

User interfaces should be designed neither for users, nor by them, but rather with them [Johnson00, p. 13]. Involving users in the developing process is called user-centered design. However, the fact is that users are not designers. Users don’t necessarily have the knowledge or ability to give all information required creating a good user interface. Therefore, those who take part in user interface decisions should be the user’s advocates and put the user’s goals ahead of their own goals [Johnson00].

* * *

A user interface must function intuitively – it should look the way it works and work the way it looks. A user interface is intuitive if its existent and functionality are obvious by simple inspection, if it is consistent with the user’s real-world experience and other software experiences so that the user can infer its meaning and if it doesn’t require the user to have any knowledge of the standards [McKay99]. 


This means that users will understand the user interface, not because it is standard, but through its high level of visibility and consistency. A user interface is visible when users not only see it they understand it too. In a consistent user interface, the same terms are used to describe the same things both within the program and with other programs. 

* * *

However, despite the application of the principal design guidelines, when something can’t be designed without arbitrary mappings and difficulties, there is one last route: standardization. Standardize the actions, outcome, layout and displays. Make related actions work in the same way. The good thing about standardization is that no matter how arbitrary the standard is, it has to be learned only once. When followed consistently, standardization works well. People can learn it and use it effectively. Users expect consistency and will make errors when inconsistency occurs [Norman88]. 

Take the everyday clock. It’s standardized. Consider how much trouble you would have telling the time with a backward clock, where the hands revolved counterclockwise. There is nothing illegal about such a clock. It is just as logical as one that goes clockwise. The reason we dislike it is that we have standardized on a different scheme, on the very definition of the term “clockwise”. Without such standardization, clock reading would be more difficult. You would always have to figure out the mapping [Norman88, p. 200-201].

This philosophy can definitely be adapted to the computer world. Standards allow you to create programs that users already know how to use.

* * *

Many companies that produce software have no standard or guidelines that specify how products of the company should look and operate. They apparently don’t realize that they are in the publishing business. As publishers have strict standards for how information will be presented, software companies should adhere to standards and guidelines that are appropriate for their products and intended users [Johnson00]. 

Almost every software development job requires user interface work. Large software companies often hire specialists to design user interfaces, while the majority of minor companies that develop software cannot afford such professional guidance. This means that the entire responsibility of the user interface design lies on the development team (programmers, system developers, etc.) [McKay99]. 

Many software developers are not trained in the fundamentals of good user interface design. They are often more concerned about things like efficient algorithms and other technical aspects. However, software developers are capable of creating good interfaces. Knowing, understanding and applying the standards for user interface design allow the creation of familiar, comfortable and well-integrated programs. The knowledge of the standards is the absolute minimum requirement for programming user interfaces [McKay99].

* * *

A GUI standard treats guidelines for the design of Graphical User Interfaces. It only includes screen design rules, no other aspects that concern user interface design.

GUI standards and guidelines can be treated as multi-layered, with inner layers having ever more specific scope. There are platform-specific guidelines for GUI design, for example, for Windows. Some companies develop their own standards and guidelines so that their products exhibit a distinctive look-and-feel. It might make sense for all products in a particular product line produced by a company to look and work more like each other. Finally standards and guidelines can be developed for a specific product to foster consistency between different parts of it. The inner layers augment, rather than contradict, the outer ones [Johnson00]. 

The purpose of GUI standards is to ensure consistency and simplicity both within a GUI and across other products used by the same users [Microsoft99].
· Consistency allows users to transfer existing knowledge and experience to new tasks, learn new things more quickly and focus more attention on tasks. They won’t spend time trying to remember differences in interaction. By providing a sense of stability, consistency makes the interface familiar and predictable.
· A way to design a simple but useful GUI is to use natural mappings and semantics. Simplicity also correlates with familiarity. Things that are familiar often seem simpler. 

Helping you make sure that your program conforms to what the user expects is exactly what standards are for. Since all of the design work and user testing has already been done, standards should make the programmer’s job easier not harder. Standards can also reduce time and costs in both development and maintenance [Mayheew99].
Bad user interfaces are usually not bad because they have one or two glaring problems. They’re bad because they have dozens of small mistakes that can contribute to or directly result in e.g. inconsistency with other programs and with the user’s expectations and non-standard controls.

*  *  *

2.3 Usability

The concept usability is a collective term for all aspects of how well an application supports the performance of activities by users. The individual aspects are known as usability factors [Lamming95]. Each one of these factors provides a measure of a particular part of the activities’ performance by users. 

· Learnability: One broad dimension of usability is how easy to learn a GUI is for novice users. The purpose is to focus on the use of the GUI by first-time, minimally trained users, users still in the learning process, or users who have been trained but use the product so infrequently that they may forget how to use it between uses [Mayhew99]. Sometimes learnability is a key factor because of the time and money involved in training. Consider for instance, a two-day training course that teaches how to use a new program for a thousand employees. This would cost 2000 days lost from work.
· Speed of performance: In many cases, speed of performance is the key usability factor. There is a need to get the activity done faster. Speed of performance is the relative time it takes for a user to perform a task [McKay99], and it has no connection to the technical aspects of a program, such as response time. Speed of performance can be used as a measurement of efficiency. 
· Incidence of errors: This is the error rate for minor and catastrophic errors. Can the user perform the task without making an unacceptable number of mistakes? How serious are the errors? [McKay99] A usable GUI should have a low error rate, so that users make few errors during the use of it. However, if they make errors they should easily recover from them.
· Memorability: The GUI should be easy to remember, so that the casual user is able to return to the system after some period of not having used it, without having to learn everything all over again.
· Subjective satisfaction: Subjective satisfaction refers to the user’s perceptions, feelings, and opinions of the GUI [Rubin94]. The GUI should be pleasant to use, so that users are subjectively satisfied when using it.

* * *

To be usable, a GUI must let the people who use the software, working in their own physical, social, and cultural environments, accomplish their goals and tasks effectively and efficiently. Therefore, the design of the GUI needs to take into account and be tailored around a number of disciplines, including [Mayhew99]:

· Cognitive psychology: The study of human perception (vision, hearing, etc) and cognition (human memory, learning, problem solving, decision making, language, etc). Basing user interface design on what is known about human cognition helps to design interfaces that will be easier to learn and easier to use.
· Experimental psychology: The application of empirical methods to measure and study human behaviour. These methods are used to measure user performance and satisfaction with system user interfaces.

· Ethnography: A science used by social and cultural anthropologists to investigate, study, analyse, interpret, and describe unfamiliar cultures. This will be helpful when determining usability requirements for system design.
· Software engineering: An approach to software development that involves defining application requirements, setting goals, and designing and testing in iterative cycle until goals are met. 
As seen from the above-mentioned disciplines, usable GUIs rarely happen by chance and involves more than “common sense”. 

In a research study conducted in 1985, by Gould and Lewis, 447 designers were asked the question “Which major steps are required to develop and evaluate a new computer for end users?” The result showed that many of the principles of usability seemed like common sense and actual knowledge of usability was quite uncommon. Gould and Lewis’ research is as true today as it was in 1985. Usability principles are still not obvious, and there is still a great need for education, and assistance [Rubin94].

* * *

Software developers and managers often consider GUI issues to have low priority in the software development. They assume that usability has low impact on market success. They are wrong. Studies have shown that considering usability issues early in development may initially appear to be raising the expenses but easily repays that investment be increasing revenue and reducing costs downstream [Johnson00].

3. usability testing

Usability testing is a research tool, and employs techniques to collect empirical data while observing representative end users using a product to perform representative tasks [Rubin94]. The overall goal of usability testing is to identify and repair usability deficiencies existing in products. It is important for determining whether a design is successful, that is, whether it helps users more than it hinders them. In our case, usability testing was used to measure the usability of three different GUI versions of a program, which were deliberately manipulated. The purpose was to find out which of the GUIs was the most usable. 

* * *

Usability testing can be performed in a formal usability lab equipped with a test room and an observation room separated by a one-way mirror and soundproof walls, with the test user’s every action recorded with multiple video cameras. But usability testing can also be performed in any room equipped with table, a computer, and a couple of chairs. The environment does not matter that much. What is important is that a real user is testing the program and someone is watching [McKay99].

* * *

There are a variety of ways to conduct usability testing. It can be done to check raw ideas or finished products. It can be done at any point in the developing process. Our usability test was conducted after development and was quasi-formal. Quasi-formal means that users are asked to do tasks that have been predetermined by the testers, who also prepared the necessary materials and data files and set up the software as required. Users aren’t just exploring the software or doing their own work: they are doing what the testers ask them to do. The measurements are mainly observational and qualitative. The testers record and count any errors users make as well as situations in which users need help. The testers also record the time required to complete each of the tasks [Johnson00]. 

Next, follows a step-by-step description of our usability testing, from planning and preparation to conducting the test. 

3.1 Planning and Preparing

The first step to accomplish a successful usability testing was to study and extend our knowledge about it. Doing that was essential, to understand the concept and to be able to plan and prepare both the test materials and ourselves properly. This would also increase the possibility of achieving valid and reliable results. 

* * *

Since we were going to redesign a GUI, we interviewed both experienced system developers at ITT Flygt’s IT department in Stockholm and end-users of some of ITT Flygt’s applications.

Interviewing system developers gave us valuable comments and an understanding of all aspects that need to be considered in GUI design. The system developers explained how they generally design GUIs and how standards can be used in their work. Their opinions of standards were that general guidelines can be useful to achieve familiarity and comfort for the users, but they should not restrict the developer’s creativity and flexibility. The system developers also admitted that they tried to follow the internal standard within the company as much as possible, but they were conscious of the fact that this was not always the case. 

The interviewed end-users gave their opinion of usability. Their main comment was that a GUI should be so clear that users don’t have to think what to do. The GUI should also require no training, but allow users to learn the program by using it. The end-users’ experience was that programs are often avoided because of their poor GUIs and low degree of usability.

3.1.1 Choice of Test Program

In order to redesign a GUI, a test program had to be chosen. We examined a great number of different applications developed by ITT Flygt or their consultants. Our conclusion was that the GUIs varied in usability indeed. They had particularly a lack of consistency. Our original idea was to redesign one of these GUIs, but the implementation of the programs didn’t allow us to separate the GUI from the source code. 

Therefore, the program that was chosen was an administration program developed by students at Blekinge Institute of Technology. It handles categories and questions of a game in “Kreativum”, a science centre in Karlshamn. Each category has a number of questions and settings. Each question includes an answer and a motivation. The administrator can also determine which categories are possible to choose in the game. 

The choice of an administration program was appropriate as a considerable part of the programs developed by ITT Flygt are used for administration. Another good reason was that the participants had never seen the program before. This was necessary to avoid any previous experience of the program.

3.1.2 Users Profiles

To achieve accurate and reliable results from the testing, users were selected carefully. Through the cooperation with ITT Flygt possible test users were recruited from their IT-department. We had two major demands on the test users. To be able to measure the usability factor learnability, the test users had to be novice. They also had to form a homogeneous test group.

3.1.2.1. Novice Users

All new users of a program are novice users at first – they do not know exactly what to do to use the GUI. It may be similar to something they are already comfortable using, or it may be drastically different [Hackos98].

The goal was to discover how easy to learn the GUIs were for the first-time, minimally trained users. As the tests were going to be performed with people at ITT Flygt, who had never seen the program before, we could easily fulfil the demand of novice users.

3.1.2.2 Homogeneous Test Group

In order to guarantee the homogeneity of the test group, a demographic questionnaire was sent by e-mail to the possible participants. A demographic questionnaire allows you to gather additional information about the users and helps you identify if the users have the same, more, or less experience [Hackos98]. Questions that were asked were about e.g. their experience with computers and the Microsoft Windows environment, and their education and position in ITT Flygt (Appendix 1: Demographic Questionnaire). 

The homogeneity of the test group was an absolute requirement for the reliability and validity of the usability test. If the users had e.g. uneven computer experience or knowledge of the Microsoft Windows environment, the results’ reliability could have been questioned.

3.1.3 How to Measure Usability?

We had to decide on an appropriate way to measure our usability factors. As all the factors are of different nature they could not be measured in the same way.

· Learnability: Typical questions to measure this particular factor could be; can the user figure out how to perform a specified task without assistance? Can the user perform the task at all? If so, did the user find it difficult or easy? The users’ feelings and behaviour were going to be considered when deciding the level of learnability [Microsoft99]. It was also going to be measured by a 5-point scale ranging from “Not easy” to “Very easy”.

· Speed of performance: This was simply going to be the amount of time to perform a typical task.

· Incidence of errors: The factor was going to be measured by counting the errors made by users while performing a typical task [HCI]. This was going to be done by ticking off a checklist of errors during the performances.

· Subjective satisfaction: This was going to be measured by interviews and along a 5-point scale ranging from “Not satisfied” to “Extremely satisfied” [Mayhew99]. 

3.1.4 Preparing Test Materials

The test program’s GUI had to be modified. We decided to have three different versions of the GUI; the original one, and two modified versions.

3.1.4.1 GUI Version 1

GUI version 1 was the original one and was left undone. When the program was developed, no particular guidelines were followed. The only guidance was the developers’ own thoughts and assumptions for decision-making. GUI decisions are often based on what is best for the developers, not what is best for the user. Inappropriate features are added because they are cool, fun or easy to program [McKay99]. (Appendix 2: GUI Version 1)

3.1.4.2 GUI Version 2

The second version was designed strictly according to the Microsoft Standard related to the input variables defined in the hypothesis: visual affordance, general appearance and use of components. (Appendix 3: GUI Version 2)
3.1.4.3 GUI Version 3

GUI version 3 was also designed according to the Microsoft Standard, but with some exceptions. Certain standard rules were broken to achieve a clearer GUI. In this version other features were also added such as a toolbar and change of terminology. (Appendix 4: GUI Version 3)

3.1.5 Test Plan

Before conducting the usability test, certain issues had to be clarified. Our test plan included the following basic steps: 

· The participants were going to be asked to carry out a series of tasks while being observed. The clearly specified tasks were significant and typical for the program. This would save time and hinder the user from wasting time on thinking of, for instance, what answers to write. (Appendix 5: Note Taking Form)
· The time for each test was limited to one hour, as recommended [Microsoft99]. As the number of tasks was only three, we considered one hour being an appropriate time. 

· Concerning usability testing three to five persons are recommended [Krug00]. In our case the number of test users was set to four. The best results come from testing no more than 5 users. After the study with 5 users up to 85% of the usability problems are found [UseIt]. 

· The usability test was going to be conducted in a spare room at ITT Flygt. The room was going to be equipped with a laptop where the program was going to be installed from a floppy disc. The time of users’ performances was going to be recorded with an ordinary alarm clock.

· A schedule of users, tasks and GUI versions was made up to combine these three elements to let each user perform three tasks in the three GUI versions. The reason was to avoid that a user got too familiar with one task or with one GUI. Another reason was that the tasks had a little different degree of difficulty, so it would have been misleading to test a GUI where only simpler tasks were performed.

This is the schedule of users, tasks and GUI versions: 
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3.2 Conducting Usability Testing

For registration of data during the tests we had prepared a note taking form and an interview form. The note taking form included a checklist of errors and questions related to each of the usability factors. This form was made for each of the tasks and the idea was to fill in our observations, tick off occurred errors according to the checklist while the users performed a task, and to ask questions after each task (Appendix 5: Note Taking Form).
The purpose with the interview form was to get the user’s overall opinion after having performed the tasks. The questions were mainly focused on specific design issues that were made differently in each of the three GUIs. (Appendix 6: Interview Form)

* * *

Before each test, the test users were welcomed and thanked for participating in our usability testing. They were given information about the testing and the program. We explained that the goal with the tests was to find problems, not to complete tasks. Therefore the participant should not feel bad if he/she couldn’t complete a task. That was the program’s fault, not the user’s.

* * *

During the test, the user was asked to think out loudly and speak spontaneously. Such “verbal protocol” can clarify behaviours that are difficult to interpret through observations alone and to detect cognitive activities that may not be visible at all [Hackos99]. Having the test user verbalize all thoughts while performing a task helped us understand if the test user was confused or made incorrect assumptions.

3.2.1 Observations

For each task the user’s behaviour, when trying to perform the task, was observed. The user was informed that we were not going to give assistance during the test. However, the user was encouraged to ask any questions – we were just not going to be able to answer them. The goal of the test was to determine the user’s ability to use the program, and this goal would have been undermined if someone told the user how to do it. Consequently, as observers we tried to keep our eyes and ears open and our mouths shut.

Our observations and the errors that the users committed were registered in the note taking form mentioned above.

3.2.3 Interviews

After having performed all the tasks, the user was interviewed, according to the interview form, about his/her overall impression of the GUIs. While the observations focused on one GUI at the time, the interviews served for a comparison between the GUIs. 
For each interview there were both closed and open questions. Closed questions have structured and limited responses while an open question is broad and have no fixed response. It invites to a discussion [Hackos99]. The closed questions led to a mark of a specific issue and the open questions gave a motivation of the answer.

As interviewers, we tried not to lead or blame the user. The questions were formulated in a neutral way to avoid putting words in the user’s mouth or making the user feel stupid. 

* * *

Observations and interviews provided a decent view of the user’s behaviour and opinion that none of these methods could provide alone. When users just talk about a task without doing it, they often forget to mention some of the steps because they do those steps so automatically that they don’t think about them. Thus, watching users do the tasks allowed us to see behaviours that they fail to notice themselves. 

4. Result OF usability testing

The choice of users, the results from the usability testing, and our observations during the tests are logically presented, that is to say, in the same order as they occurred.

4.1 Demographic Questionnaire

 The homogeneity of the test users was assured accordingly:
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Education

Engineer

Computer Science

Position in ITT Flygt

Computer use at work?

Yes

Yes

Yes

Yes

                 How often?

Daily

Daily

Daily

Daily

Computer use at home?
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                 How often?

Daily

Several times a week

Computer experience

Good

Good

Very good

Good

Familiarity with MS Windows

Good

Good

Good

Good

System Developer

System Development

Several times a week

figure: Demographic Questionnaire

4.2 Observations

The observations made during the users’ performance of tasks are summarised and presented for each GUI separately.

4.2.1 GUI Version 1:

· User couldn’t find a way to create a new category.

· User didn’t know how to save the category. 

· User was unable to figure out how to save a question.

· User saved the question as a new question instead of updating the existing one.

· User hesitated when updating the question.

· User didn’t understand if both the question and the motivation were being updated.

· User didn’t know where to fill in the motivation. 

· User didn’t understand how to save the settings.

· User required assistance.

· User’s performance of a task had to be stopped due to the user’s inability to go further.

4.2.2 GUI Version 2:

· User couldn’t find a way to create a new category. 

· User didn’t know how to save the category (clicked a combo box in attempt to save the category).

· User had problems when trying to create a new question.

· User was confused when updating a question.

· User didn’t understand that a motivation had to be given.

· User couldn’t find the settings.

· User was confused about the input fields (tried to write a new question in a combo box).

4.2.3 GUI Version 3:

· User didn’t find the right tab sheet.

· User had problems to state the “chosen categories”.

4.3 Interviews

The users’ opinions were gathered through interviews and then summarized into representative points:

Opinions of the menu
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figure: Menu
Users’ comments:
· GUI 1 feels uncomfortable and short cuts are missing.

· GUI 2 is good with short cuts, a little inconsistent however.

· Short cuts, icons and change of names are good as in GUI 3, consistent with toolbar, but a little bit “too much”.

Opinions of the toolbar’s usefulness
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figure: Toolbar

Users’ comments:

· Irritating if there are too many of them. For that reason, the user should be able to move them or hide them.

Opinions of spacing between components
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figure: Spacing
Users’ comments:

· GUI 1 is not bad, but compact.

· GUI 2 has more space, but has no clear grouping. 

· GUI 3 is good, in particular the grouping.
Opinions of button size
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figure: Button Size
Users’ comments:

· GUI 1 has too narrow buttons.
· GUI 2 has in general too big buttons, especially the arrows.
· GUI 3 is best!

Opinions of button position
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figure: Button Position
Users’ comments:

· No specific comments were given.

Opinions of the overall terminology
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figure: Terminology
Users’ comments:

· Button terminology in GUI 1 and GUI 2 are very confusing and the text too long.
· There is a huge difference between GUI 3 and the two others.
4.3.4 Summary

Summarizing all experiences, users preferred the following GUI:

Preferable GUI
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figure: Preferable GUI
Users’ comments on GUI 1:

· I didn’t like the program at all.
· It was difficult to figure out how to do.
· The GUI could have been better.

Users’ comments on GUI 2:

· I liked the program, it was clear.
· The GUI is good, but I don’t like the functions.
· I had some difficulties to learn how to use the program, but as a whole it was easy.
Users’ comments on GUI 3:

· It was great! Clear and easy to learn.
· Natural to use. I liked the program.
· A good GUI. I felt familiar with it.
5. Analysis of Result

The outcome of the usability testing was analysed and grouped by the usability factors and corresponding research question. 

5.1 Evaluation of Usability Factors

The usability factors learnability and subjective satisfaction were measured by marks given by users during interviews while the speed of performance and incidence of errors were recorded during users’ performances of tasks. First adding the figures for each GUI, and then by dividing the sum by the number of users calculated the average values. 

Average  
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figure: Usability Measurements

5.1.1 Learnability

How does the GUI standard affect the level of learnability?

The level of learnability depended on which GUI was used. There was a clear indication that GUI 3 had the highest level of learnability, followed by GUI 2 and finally GUI 1 (fig. Usability Measurments, page 22).

These guidelines, which were not implemented in GUI 1, but were implemented in both GUI 2 and GUI 3 might have been significant for this result:

Visual affordance

· By disabling and focusing certain buttons, the users’ alternatives were restricted which facilitated the understanding of how to perform a task. In GUI 1 no such guidance was given, which increased users’ workload.

· By giving a grey background to edit fields that were not editable, users were forced to manipulate certain elements before proceeding. On the other hand, in GUI 1 users’ attention were also drawn to elements of no current interest. 

· By raising clickable items, users understood that they could be clicked. GUI 1 had some non-raised items that were clickable, which users intuitively didn’t discover.

General appearance
· By grouping elements logically, users could easily identify relationships between the elements, while in GUI 1 users were not able to separate which elements belonged together (fig. Spacing, page 20). 

· By arranging buttons on the right side, users were allowed to work in a natural flow from left to right, top to bottom (fig. Button Position, page 20).

As mentioned before, both GUI 2 and GUI 3 were designed according to the standard. But how comes that GUI 3 turned out to have a much higher degree of learnability? These significant differences might have affected the learnability:

· GUI 3 had a clearer terminology, which users understood and could easily distinct different elements. However, the use of language was not changed in GUI 2 and remained as in GUI 1. This resulted in inconsistency and confusion among the users (fig. Terminology, page 20). 

· Unlike GUI 2, GUI 3 had a toolbar that users felt familiar with. They recognized the standard toolbar icons and their functions (fig. Toolbar, page 19). The toolbar simply increased the visibility of the main functions provided by the program.

5.1.2 Speed of Performance

How does the GUI standard affect the speed of performance?

The speed of performance varied a great deal among the GUIs.  Even here GUI 3 provided a much higher degree of speed of performance than GUI 2 and GUI 1 (fig. Usability Measurements, page 22).

The reasons can be related to the points listed in chapter “5.1.1 learnability”. All the mentioned aspects that influenced the learnability might have had an impact on the speed of performance as well. However, the following guidelines implemented in GUI 2 and GUI 3, but not in GUI 1, might have been of crucial importance for users’ time of performing a task:

Visual affordance
· Disabling and focusing certain buttons reduced the amount of time to choose a button. GUI 1 provided more alternatives, which made users spend time on thinking which button to choose.

· By giving a grey background to edit fields that were not editable, users could exclude these elements and continue the process faster. In GUI 1 users wasted time on figuring out what edit fields were editable. 

· By raising clickable items, users needed not spend time on understanding that these items could be clicked. As GUI 1 had some non-raised items, that actually were clickable, users hesitated and devoted time on thinking if it really was a clickable item.  

The above-mentioned guidelines improved the speed of performance both in GUI 2 and GUI 3 compared to GUI 1. So what differences played a decisive role in favour of GUI 3?   

·  The clearer terminology in GUI 3 resulted in no wasted time on hesitation and confusion. The inappropriate terminology in GUI 2, as in GUI 1, caused unnecessary workload that increased the time of performance (fig. Terminology, page 20). 

· The toolbar in GUI 3 was frequently used. The efficiency of the toolbar saved time since users needed not use the menu like in GUI 2, which would have demanded a longer sequence of actions.

5.1.3 Incidence of Errors

How does the GUI standard affect the incidence of errors?

The error rate was lowest in GUI 3 and highest in GUI 1 (fig. Usability Measurements, page 22).
The guidelines, mentioned in sections sections 4.1 and 4.2, were also significant for the incidence of errors:

Visual affordance

· As certain buttons were not disabled and focused in GUI 1, users’ made catastrophic errors involving functions like saving and updating. This kind of errors was eliminated in GUI 2 and GUI 3 by disabling and focusing buttons of current interest.

General appearance

· Insufficient grouping of elements in GUI 1, and in some point in GUI 2, resulted in increased error rates, because users could not identify relationships between the elements. By making GUI 3 clearer in this aspect, such errors were not committed (fig. Spacing, page 20). 

The terminology is the ultimate way of clarifying components’ functions. Taking that in consideration, the terminology in GUI 3 had been changed and well considered. This was perhaps the greatest reason of why GUI 3 turned to have the lowest incidence of errors. On the other hand, due to the poor terminology in GUI 1 and GUI 2 the following mistakes were made:  

· Users had particularly difficulties with the menu terminology, which led to incorrect menu choices. 

· The similar terminology used for some of the buttons caused that users made mistakes regarding e.g. the save and update operations. 

5.1.4 Subjective Satisfaction
How does the GUI standard affect the subjective satisfaction?

When comparing the users’ subjective satisfaction of the GUIs, GUI 3 achieved by far the best result. GUI 1 and GUI 2 reached approximately the same level (fig. Usability Measurements, page 22). 

The users’ attitude were clearly expressed concerning these issues: 

General appearance

· The lack of spacing between components in GUI 1 decreased users’ satisfaction. The motivation was that GUI 1 looked compact and was hard-to-grasp. As GUI 2 and GUI 3 followed the standard, they had similar spacing, which made the GUIs more foreseeable. However, the crucial reason in favour of GUI 3 was that it looked more balanced than the others.
Use of components

· GUI 3 had, unlike the others, a toolbar, which users appreciated and used efficiently (fig. Toolbar, page 19).

· Users had a negative attitude to the too small buttons in GUI 1, while the buttons were too big in GUI 2. The sizes of the buttons in GUI 3 were perfect, as they had a standard height but a varying width depending on the button text (fig. Button Size, page 20). 

Again the fact, that the terminology played an important role in GUI 3, was established. The GUI “spoke the users’ language”, which considerably improved their attitude towards the program.

5.2 Conclusion

Through the analysis of the result we have come to the conclusion that GUI 3 was the most usable one. GUI 2, which also followed the standard, turned out to be more usable than GUI 1. This shows clearly that applying a standard to GUI design improves usability.

Not conforming to a standard in GUI 1 resulted in this case in a poor design and consequently in a low degree of usability. Common problems concerned finding the right elements and misunderstanding of what the components served for. The majority of errors involved menu and button choices, but also input controls. 

It may appear that GUI 2 and GUI 3 had very similar appearances. However, although the differences were few, they were of decisive importance for the result. This means, like in GUI 3, which just applying a consistent terminology can improve usability considerably. 

In order to tailor the GUI, the standard was violated in GUI 3 in some aspects, which resulted in a balanced appearance. One differential change was the customized button size, which particularly raised users’ satisfaction. Despite everything, users’ satisfaction is the ultimate measure of a good GUI.  

Eventually we would like to clarify that our hypothesis “GUI standard improves usability” turned out to be true. Standards are good to increase consistency, which provides a sense of stability and makes the GUI familiar and predictable. As a GUI designer, your knowledge of the standards is the absolute minimum requirement for programming user interfaces. Nevertheless, if standards are not applied, GUI designers should have knowledge of how to design intuitive user interfaces. 

Moreover, we would like to emphasize that effective GUI design is more than just following a set of rules. There is no cookbook approach that can rely on general principles and guidelines alone. Every GUI and its intended set of users are unique. Design guidelines must be tailored for and validated against the users’ requirement, which can be accomplished through a user-centered attitude and design methodology. 

6. DISCUSSION

When writing a scientific report, the validity and reliability of the investigation’s result can be discussed. Did we measure the right factors in an appropriate way?

When reflecting back, we found that certain issues could have been dealt with differently:

· To further strengthen the reliability of the result, usability testing could have been conducted at two different occasions. This would have allowed us to test the usability factors again after a period of time (preferably weeks or months later). However, this was not possible due to the limited duration of this course.

· When analysing the result from the usability testing, we discovered that our questionnaire and interview form was not equally based on the usability factors. In particular, we found that the questions were mainly concentrating on users’ subjective satisfaction. We were unaware of this weakness until then. The consequence was that we had some difficulties in interpreting certain responses from users.

We are aware of the limitations of testing. Testing is always an artificial situation and does not guarantee success or even that a product will be usable. The participants are rarely fully representative of the target population. There are also other testing techniques like expert evaluation. However, testing minimizes the risk considerably of releasing an unstable or unlearnable product. In almost every case, it is better to test than not to test.

Concerning the validity of the test, we believe that the case study reflects what we intended to investigate in. Our aim was to measure usability, which was accomplished by a well-known method for this purpose, namely usability testing.

To achieve a result that was as reliable as possible, we early realized that a homogenous test group was an absolute requirement. Therefore, we prepared a demographic questionnaire to prove that users were at the same level in terms of education, computer experience etc. The homogeneity is necessary to achieve a true result with a certain kind of people. If people with very different experience and knowledge had been mixed in the test group, the result would perhaps have shown a false image of the GUIs. A person, that has never used a computer before, has probably different opinions than a very experienced computer user. Therefore our result is only valid for users with good computer skills and that are familiar with the Microsoft Windows environment. If the test group had consisted of another type of people, the result would certainly have been different.

Concerning the standard, we have only investigated the Microsoft Standard, which means that our result is only applicable to GUI guidelines based on Microsoft. We have not investigated other accepted standards on the market, so we can’t say if all standards improve usability.

6.1 Future Research

When completing this thesis, we found that there are still unanswered questions in this enormous area. Examples of future research are:

· The possibility to apply the same standard to both Windows and Web based GUIs.

· Differences in GUI design for Windows and Web applications.

· A standard’s significance in GUI design for web applications due to higher accessibility and a more varying sphere of users compared with Windows based GUIs. 

· The conflict between art and engineering/usability in GUI design.

· Usability’s impact on companies’ economy.
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8. APPENDICES

APPENDIX 1: DEMOGRAPHIC QUESTIONNAIRE

Thank you for participating in our usability test of GUI as a part of our bachelor thesis.

To help us better understand your background and experience, please take a few minutes to complete this questionnaire. 

The testing will take place on Tuesday 17th of April. 

Name: ______________________________________________________________

Education: ___________________________________________________________

Position in ITT Flygt:___________________________________________________

Years in this position: _________

1. Do you use a computer at your job? 


Yes (   No ( 

 
If yes, how often?


Daily (   Several times a week (   Once a week (    Other (
2.
Do you use a computer at home?


Yes (   No (

If yes, how often?


Daily (   Several times a week (   Once a week (   Other (
3.
As a computer user, do you consider yourself 


Very experienced (   Experienced (   Moderate user (   Beginner (
4.
How familiar are you with the Microsoft Windows environment?


Very good (   Good (   Little (   None (
Thank you in advance. We are looking forward to seeing you.

Yours faithfully,

Demet Ukus & Hanna Sjöberg

Students of “International ADP” at Blekinge Institute of Technology

APPENDIX 2: GUI VERSION 1

(Actual window size: 364*379 pixels)
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APPENDIX 3: GUI VERSION 2 

(Actual window size: 573*499 pixels)
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APPENDIX 4: GUI VERSION 3 

(Actual window size: 482*542)
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APPENDIX 5: NOTE TAKING FORM 

Observation #: _______

User #: _____________

Task:
 
1. ( (Update an existing question (England vid Medelhavet...) in an  




   existing category(Geografi.cat))


2. ( (Create a new category(test.cat) with two questions and change the 


        settings (40 balls per second). Delete the category. )


3. ( (Change the chosen categories to ”Träd” and ”Sagofigurer”)

Version:    1. (   2. (   3. (
CHECKLIST OF ERRORS
· Count of incorrect menu choices: _____________________________ Total: (
· Count of incorrect icons selected: _____________________________ Total: (
· Count of incorrect buttons selected: ____________________________Total: (
· Count of negative comments: ________________________________ Total: (
· Other incorrect choices: : ___________________________________ Total: (

Type: _____________________________________________________


__________________________________________________________


__________________________________________________________

Observations:

Questions:

How was it to perform this task? Can you describe your feelings?

___________________________________________________________________

LEARNABILITY

1. Ease of learning overall:  1. (   2. (   3. (   4. (   5. (


· Were you able to figure out how to perform the task? ___________________

______________________________________________________________

______________________________________________________________


· Was it difficult or easy? ___________________________________________

SPEED OF PERFORMANCE
Time to perform the task: _______ min _______ sec    

SATISFACTION
1. Satisfaction overall:  1. (   2. (   3. (   4. (   5. (

· Did you enjoy using this program? Yes (   No ( _____________________

_____________________________________________________________

· What do you think about this GUI?_________________________________

_____________________________________________________________

_____________________________________________________________

APPENDIX 6: INTERVIEW FORM

Interview:

User #. _____

1. Which of these GUIs do you prefer? 1. (   2. (   3. (
Motivation: 


2. What do you think about the graphical structure?

· Spacing between components

GUI 1
Very good (   Good (   Bad ( 

GUI 2
Very good (   Good (   Bad ( 

GUI 3
Very good (   Good (   Bad ( 


· Size of components

GUI 1
- Listbox:  Too big (   Too small (   Enough ( 

 - Button: Too big (   Too small (   Enough ( 

 - Edit field: Too big (   Too small (   Enough ( 

GUI 2
- Listbox:  Too big (   Too small (   Enough ( 

- Button: Too big (   Too small (   Enough ( 

- Edit field: Too big (   Too small (   Enough ( 

GUI 3
- Listbox:  Too big (   Too small (   Enough ( 

- Button: Too big (   Too small (   Enough ( 

- Edit field: Too big (   Too small (   Enough ( 


· Do you think that the toolbar is useful?

GUI 3
Yes (   No (   Does not matter ( 


· What do you think about the menu?

GUI 1
Very good (   Good (   Bad ( 

GUI 2
Very good (   Good (   Bad ( 

GUI 3
Very good (   Good (   Bad ( 


· What do you think about the terminology?

GUI 1
- Overall: Consistent (   Inconsistent (   Acceptable ( 

- Button: Clear (   Confusing (   Acceptable (

- Menu: Clear (   Confusing (   Acceptable (

GUI 2
- Overall: Consistent (   Inconsistent (   Acceptable ( 

- Button: Clear (   Confusing (   Acceptable (

- Menu: Clear (   Confusing (   Acceptable (

GUI 3
Overall: Consistent (   Inconsistent (   Acceptable ( 

- Button: Clear (   Confusing (   Acceptable (

- Menu: Clear (   Confusing (   Acceptable (


· What do you think about the buttons’ position?

GUI 1
- ”Delete category”-button: Good (   Bad ( 

- ”Save new/Update question”-buttons: Good (   Bad ( 

- ”Save default categories”-button: Good (   Bad ( 


GUI 2
- ”Delete category”-button: Good (   Bad ( 

- ”Save new/Update question”-buttons: Good (   Bad ( 

- ”Save default categories”-button: Good (   Bad ( 


GUI 3
- ”Delete category”-button: Good (   Bad ( 

- ”Save new/Update question”-buttons: Good (   Bad ( 

- ”Save default categories”-button: Good (   Bad ( 
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A GUI Standard’s Impact on Usability

















Intuitive = Visible + Consistent - Standards





Inconsistent names of menu items


No short cuts 


Minimum space between components


Edit fields that are not editable are not grey








Buttons have not standard height or width


All buttons are enabled though only some of them should be clickable


The length of the combo boxes is not adjusted to their content


Names of tab sheets, buttons are arbitrarily chosen


Colons are not used consistently 


Bold text in radiogroup





Menu items have short cuts, but have still inconsistent names


All disabled components are grey


Standard spacing between components


Status bar to give feedback








All buttons have the same size


Buttons have been placed logically, either near the object acted upon or in a natural flow


Buttons that should not be clicked are disabled and grey


The length of the combo boxes has been adapted to their content


Bold text has been eliminated


Colons after label text but not in panel text


No change of terminology








Menu items have short cuts and related icons (the same as in the toolbar)


Names of menu items are consistent but not standard


All disabled components are grey


Standard spacing between components


Status bar to give feedback








Toolbar with standard image icons


The length of the combo boxes has been adapted to their content


Less panels to reduce 3D-lines


Change of terminology of buttons, tab sheets and labels


Buttons have been adapted to the text upon it in particular cases


Buttons have been placed logically, either near the object acted upon or in a natural flow


Buttons that should not be clicked are disabled and grey


Bold text has been eliminated


Colons after label text but not in panel text
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_1051384579.xls
Blad1

				GUI 1		GUI 2		GUI 3

		Good				X X X		X X X X

		Bad		X X X X		X






_1051385013.xls
Blad1

				User 1		User 2		User 3		User 4

		Education		System Development				Engineer		Computer Science

		Position in ITT Flygt		System Developer

		Computer use at work?		Yes		Yes		Yes		Yes

		How often?		Daily		Daily		Daily		Daily

		Computer use at home?		Yes		Yes		Yes		Yes

		How often?		Several times a week				Daily		Several times a week

		Computer experience		Good		Good		Very good		Good

		Familiarity with MS Windows		Good		Good		Good		Good






_1051781173.xls
Blad1

				GUI 1		GUI 2		GUI 3

		Very good						X X X

		Good		X X		X X X X		X

		Bad		X X






_1051454857.xls
Blad1

				GUI 1		GUI 2		GUI 3

		Learnability		2.5		3		5

		Speed of Performance		4 min 20 sec		2 min 17 sec		1 min 28 sec

		Incidence of Errors		4.75		3		1.75

		Subjective Satisfaction		2.5		2.75		4.75






_1051384593.xls
Blad1

				GUI 1		GUI 2		GUI 3

		Consistent						X X X X

		Inconsistent		X X X X		X X X X

		Acceptable






_1051384617.xls
Blad1

		GUI 1		GUI 2		GUI 3

						X X X X






_1051384436.xls
Blad1

		Task 1		Task 2		Task 3

		User 1-GUI 1		User 1-GUI 2		User 1-GUI 3

		User 2-GUI 2		User 2-GUI 3		User 2-GUI 1

		User 3-GUI 3		User 3-GUI 1		User 3-GUI 2

		User 4-GUI 1		User 4-GUI 2		User 4-GUI 3






_1051384544.xls
Blad1

				GUI 1		GUI 2		GUI 3

		Too big				X X X X

		Too small		X X X

		Enough		X				X X X X






_1051384307.xls
Blad1

				GUI 1		GUI 2		GUI 3

		Very good				X X		X X

		Good		X X X		X		X

		Bad		X		X		X






_1051384361.xls
Blad1

				GUI 3

		Useful		X X X X

		Not useful

		Does not matter






