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1. Preface 

Being informatics students ŀǘ ǇƻƭȅǘŜŎƘƴƛǉǳŜ ΨIƻƎŜǎŎƘƻƻƭ DŜƴǘΩΣ ƛǘ ǿŀǎ ŀ ǳƴƛǉǳŜ ŜȄǇŜǊƛŜƴŎŜ 

to be allowed to write our thesis at Halmstad University, Sweden. During our stay here we 

developed a multimedia-application Ψ.ǊŀŎŜƭŜǘΩΣ part of a research project called Ubimedia. 

Ubimedia is a project started by Media-IT, a team consisting of informatics teachers and 

researchers, who try to implement multimedia in a ubiquitous manner. Our project 

consisted of developing a prototype of a user interface for a digital bracelet which can be 

used to make daily life more easy. With this bracelet it will be possible to read e-

ƴŜǿǎǇŀǇŜǊǎΣ ƳŀƪŜ ǇƘƻƴŜ ŎŀƭƭǎΣ ŜǘŎΧΦ aŜŘƛŀ-IT will introduce this prototype afterwards to 

several newspaper publishers who are partners in research projects 

Making a thesis is the last step before graduating. It is an excellent opportunity to convert 

theoretical knowledge into practical objectives after three years of study. It is a pleasure to 

share knowledge and experiences with other informatics. Therefore it seems us suitable to 

announce a word of thanks to those by which it was possible to make this thesis.  

First of all we would like to thank our internship supervisor, mister Jesper Svensson for his 

excellent and professional guidance. He let us peek into the practical world of development 

and gave us the opportunity to participate in the multimedia-applications of tomorrow. Mr. 

Svensson was open for our new ideas, opinions and our share. We also would like to thank 

the Media-IT program manager Carina Ihlström Eriksson. She gave us the possibility to work 

at Media-IT and take part in this project. 

Finally we want to thank the general staff of Halmstad University for solving all our 

administrative problems. They made it possible for us to have a pleasant stay in Sweden. 

Thanks to these people we can look back to informative, enjoyable and unforgettable 

student days. 

 

Halmstad, Halland, Sweden, May 2008  
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3. Summary 

Our task, developing a prototype of a futuristic bracelet, is part of the research project 

named Ubimedia (Designing Ubiquitous Media Services by Action Research). Ubimedia is 

being lead by Media-IT, the research group of the Information Science, Computer and 

Electrical Engineering department of Halmstad University. This project, which started on 1 

July 2006, has been accepted 2.490.000 SEK by the KK-Foundation and will end 31 May 2008. 

The main purpose of this project is designing Ubiquitous media-applications that can be 

accessed everywhere and at anytime. Ubimedia works together with a newsgroup which 

involves cooperation with the largest newspapers in the world. 

The current state of the project requires the development of two software applications. Our 

part  consists of making a user interface on a small touch screen, which will simulate the 

prototype of the bracelet. The other part, executed by our fellow Belgian colleagues Kevin 

Geerinck and Leen Dekeukeleire, comprises the programming of the desktop-application. In 

the end, these applications will be combined and made public.  

The main objective of our project is to write an application which will serve as an operating 

system for a digital bracelet. With this bracelet the user will be able to control all hardware 

systems surrounding him using a Bluetooth-, wireless Internet or Mobile phone connection. 

LǘΩǎ ŀƭǎƻ ǇƻǎǎƛōƭŜ ǘƻ ǾƛŜǿ ǘƘŜ ƘŜŀŘŜǊǎ ƻŦ ŀ ŎŜǊǘŀƛƴ article online. If the user wants to read one 

of the related articles, he can connect to an external screen. Besides that, the bracelet has 

other functions which will assist the user in making choices concerning home & family, news, 

entertainment, health & food and travel. 

Although tƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ǿƻƴΩǘ ōŜ ǊŜŀƭƛȊŜŘ ǿƛǘƘƛƴ ǘƘŜ ƴŜȄǘ ten years, developing this 

prototype on a tablet pc will give the user a good idea of how it will look in the future.  

This paper contains the research, documentation and development of the project we made 

during our stay in Sweden.  

  



6 
 

4. Media-IT 

The Media IT Group at Halmstad University was founded in 2004 and is interested in the 

design of usable IT for different future media genres. Media IT as a research program focuses 

on three important changes in society: 

¶ The development of new information technologies 

¶ Alterations in media consumption behavior 

¶ The ongoing convergence between different types of media 

Media-IT is in command of Carina Ihlström Eriksson who is the program manager. Besides 

her, the staff consists of Phd. students and research assistants who participate in research 

matters. In addition, Media-IT works together with students who help with projects. 
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5. Ubimedia 

5.1 Initial scenario 

The bracelet is developed within the research project called Ubimedia (Designing Ubiquitous 

Media Services through Action Research). 

The application we created needs to be installed on a digital bracelet. This device will 

become a must-have for people who like to leave the controls of their personal life over to a 

machine. The bracelet will allow the users to look up recipes, travels, news and other 

different sorts of information in which they are interested. ¢ƘŜ ǳǎŜǊΩǎ ƛƴǘŜǊŜǎǘǎ ŀǊŜ ōŜƛƴƎ 

determined by the artificial intelligence of the machine. Besides that the bracelet allows the 

users to share their interests with friends, relatives and other contacts. Finally the bracelet 

also works as a personal processing unit which has the possibility to access external screens. 

The main idea and the conceptual design were mostly elaborated by a design group, 

newspaper designers and  people from Media-IT. The design group consists of proficient 

Photoshop designers as well as people who have many years of experience in designing 

newspaper layouts. 

Ubimedia is developed together with the following partners: Tidningsutgivarna, Aftonbladet, 

Expressen, Dagens Nyheter, Göteborgs-Posten, Nerikes Allehanda, Norrköpings Tidningar, 

Sundsvalls Tidning, Stampen AB, Sydsvenskan and Östgöta Correspondenten. 

  



8 
 

6. Software Development Method 

Software engineering is more than the creation of software that consists out of thousands of 

lines of code. According to Sommerville (2001), software engineering is a discipline which is 

concerned with all aspects of software production from the early stages of system 

specification through to maintaining the system after it has gone into use.  

Software development is the process of developing software through successive phases in 

an orderly way. Rehman and Paul (2002) say these are the typical stages of software 

development: 

¶ Identification of required software 

¶ Analysis of the software requirements 

¶ Detailed specification of the software requirements 

¶ Software design 

¶ Programming 

¶ Testing 

¶ Maintenance 

! ǎƻŦǘǿŀǊŜ ǇǊƻƧŜŎǘ ƳǳǎǘƴΩǘ ōŜ ŎƻƳǇƭŜǘŜŘ ǿƛǘƘƻǳǘ ŀ ǇǊƻǇŜǊ ǎǘǳŘȅ ŀǎ ƛǘ ǿƛƭƭ Ƴƻǎǘ ƭƛƪŜƭȅ ǊŜǎǳƭǘ 

in lack of quality of the final product. Software development methods are viable and 

therefore widely used as a guide throughout a software development project. The number 

of different models and methods is fairly large and each of them is used under different 

circumstances .  

In the next chapter we will specify some of the candidate methods for our project. 
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6.1 Plan-driven methods 

The waterfall model is probably the best known plan-driven method. It is a sequential 

software development model in which development is seen as flowing steadily downwards 

through the phases of requirements analysis, design, implementation, testing, integration 

and maintenance (Royce, 1970). ¢ƘŜ ǘŜǊƳ ΨǿŀǘŜǊŦŀƭƭΩ ƛǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ ǿŀȅ ǘƘŜ ǇƘŀǎŜǎ 

follow each other in a chronological way, without the opportunity of turning back. 

Thus the waterfall model maintains that one should move to a phase only when its 

preceding phase is completed and perfected. This model is inflexible and should therefore 

only be used when the requirements are set in stone at the beginning of the process 

(Sommerville, 2001). 

6.2 Agile methods 

6.2.1 What are agile methods 

Agile methods are sometimes characterized as being the totaƭ ƻǇǇƻǎƛǘŜ ƻŦ άǇƭŀƴ-ŘǊƛǾŜƴέ 

ƳŜǘƘƻŘƻƭƻƎƛŜǎΦ ! ƳƻǊŜ ŀŎŎǳǊŀǘŜ ŘŜǎŎǊƛǇǘƛƻƴ ƛǎ ǘƻ ǎŀȅ ǘƘŀǘ ǘƘŜǎŜ ƳŜǘƘƻŘǎ ŀǊŜ άŀŘŀǇǘƛǾŜέΦ 

They focus on adapting quickly to changes. When the needs of a project change, the 

planning changes as well. An adaptive team has difficulty describing exactly what will happen 

in the future. The further away a date is, the more vague the definition will be (Boehm & 

Turner, 2004). 

6.2.2 Suitability of agile methods 

The suitability of agile methods differ from each project. From a product perspective, agile 

methods are more suitable when requirements are flexible and rapidly changing. However, 

they are less suitable for systems that have high reliability and safety requirements. 

Boehm and Turner (2004) suggest that risk analysis should be used to choose between 

adaptive ("agile") and predictive ("plan-driven") methods. Each side of the continuum has its 

own home ground. 

 

Agile home ground Plan-driven home ground 

Low criticality High criticality 
Senior developers Junior developers 
Requirements change very often Requirements don't change too often 
Small number of developers Large number of developers 
Culture that thrives on chaos Culture that demands order 
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6.2.3 Agile manifesto 

All agile methods, also known as principles are articulated in what is called the agile 

Manifesto. This manifesto contains four core values:  

1. Individuals and interactions over process and tools. 

2. Working software over comprehensive documentation. 

3. Customer collaboration over contract negotiation. 

4. Responding to change over following a plan. 

The first recognizes that individual creativity and group collaboration are more effective 

than following a prescriptive methodology. The second value recognizes that software is 

code, not the accompanying documentation. The third recognizes that a good relationship 

between the clients and the developers is more important than arguing about contracts. The 

fourth value prioritizes users changing needs rather than adhering to some meaningless 

inflexible plan (Bell, 2005). 

6.3 Extreme Programming 

6.3.1 What is Extreme Programming 

Perhaps the best-known of the agile methods, Extreme Programming is a software 

development discipline which main aim is to reduce the cost of change. In traditional system 

development methods the requirements for the system are determined at the beginning of 

the development project and often fixed from that point. This means the cost of changing 

the requirements at a later stage will be high (Bell, 2005). 

XP sets out to reduce the cost of change by being more flexible with respect to changes. In 

XP, the client is indispensable during the development of the project. There has to be a 

constant communication between the developers and the customer. That way errors are 

discovered faster and more easy and so the final program will suit the demands of the client.   

6.3.2 XP values 

Extreme programming is based on four principles: 

 

Simplicity 
Feedback 

Courage 

Communication 
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1. Communication: According to Beck (1999), Extreme Programming favours simple design 

and frequent verbal communication and feedback. Maximizing communication between 

developers and between the clients and the team is vital in any project. 

2. Simplicity: XP encourages software that has a simple structure, but realizes that achieving 

simplicity is not easy (Bell, 2005). 

3. Feedback: The next principle is closely related to communication and simplicity. Feedback 

is about obtaining reliable information about tƘŜ ǎǘŀǘŜ ƻŦ ǘƘŜ ǎƻŦǘǿŀǊŜ ŀǎ ƛǘΩs being 

developed. That way, problems can be avoided. To quote Kent Beck (1999)Σ άhǇǘƛƳƛǎƳ ƛǎ ŀƴ 

ƻŎŎǳǇŀǘƛƻƴŀƭ ƘŀȊŀǊŘ ƻŦ ǇǊƻƎǊŀƳƳƛƴƎΣ ŦŜŜŘōŀŎƪ ƛǎ ǘƘŜ ǘǊŜŀǘƳŜƴǘΦέ  

4. Courage: Courage is probably the most surprising value. It means that the developers 

must have the courage to throw away code, or even re-design large parts of the 

architecture, if problems arise. This is dramatically different from the common approach, 

which attempts to patch up software when it demonstrates faults, minor or serious (Bell, 

2005). 

6.3.3 Twelve steps 

Extreme Programming encourages starting with the simplest solution. Extra functionality can 

be added later. The focus lies in designing and coding for the needs of today instead of those 

of the future. Next to the four core values XP uses a combination of 12 techniques: 

1. Planning 

2. Small releases 

3. System Metaphor 

4. Simple Design 

5. Continuous Testing 

6. Refactoring 

7. Pair programming 

8. Collective ownership 

9. Continuous integration 

10. 40-hour work week 

11. On-site customer 

12. Coding standards 
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XP states that it is undesirable to use one of the techniques on its own, because they 

complement each other. A weakness in one practice is compensated by strength in another 

(Bell, 2005). 



13 
 

6.4 The approach on the bracelet 

6.4.1 Plan-driven Methods 

The Waterfall Model as well as other plan-driven methods are not that suitable for this 

ǇǊƻƧŜŎǘΦ .ŜŎŀǳǎŜ ƻŦ ǘƘŜ ƛƴŦƭŜȄƛōƛƭƛǘȅ ƻŦ ǘƘŜ ƳƻŘŜƭΣ ƛǘ ŎŀƴΩǘ ōŜ ǳǎŜŘ ǿƛǘƘ ŎƘŀƴƎƛƴƎ Ŏǳǎǘomer 

requirements (Sommerville, 2001). The Waterfall Model needs well-established 

requirements at the beginning of a project. Due to the fact that the bracelet is likely to be 

undergoing some customer requirement changes this model is not a viable option.  

6.4.2 Agile Methods 

As mentioned before the prototype of the bracelet is likely to have constantly changing 

requirements. Since agile methods adapt quickly to changes (Boehm and Turner, 2004), they 

are the cut-out approach for this project. Because ƛǘΩǎ ŀ ǇǊƻǘƻǘȅǇŜΣ ǇŀǊǘǎ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ Ƴŀȅ 

change during its development. As stated before, the four core principles of agile methods 

are:  

1. Individuals and interactions over process and tools. 

2. Working software over comprehensive documentation. 

3. Customer collaboration over contract negotiation. 

4. Responding to change over following a plan.     

The first core principle might be the most crucial one in our project. We are constantly 

motivated to use our own creativity and ideas. Thus become the methodologies less 

important since we can follow our own path. Nevertheless is a little guidance necessary in 

succeeding a project of this matter.  

The second core value states that code is more important than its documentation. This 

project demands a working prototype, so working software is the primary objective. 

However, the code has to be written in a way that it might be reused at a later time and 

added documentation might simplify this process. 

The third principle is also a crucial one. The future public has to be constantly involved in 

order for us to develop a working prototype with a customer-friendly look and feel. 

Frequent user test are the perfect way to obtain constant feedback of the userΩǎ needs.  

The fourth and last core principle is as important as the first one. Since requirements and 

parts of the project are likely to change, so must the developers. The demands of the public 

are more vital than following a plan. 
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6.4.3 Extreme Programming 

Extreme Programming, the best known agile method, is very powerful but must be used 

correctly. It is more a series of principles for developing software rapidly than a step-by-step 

methodology (Avison and Fitzgerald, 2003). Jeffries (2001) points out that Extreme 

Programming is a discipline of software development with values of simplicity, 

communication, feedback and courage, four core values on which XP is based. 

Throughout the project, these four principles will be used. On communication, the approach 

stresses the role of teamwork. There has to be an open and honest communication between 

the developers and the customers. It is very important to gain concrete and rapid feedback 

from continuous testing. These tests will give us the feedback needed to make the proper 

modifications to the project. Customer requirement changes are likely to be found during 

these tests. Whereas simplicity is hard to achieve, we will try to keep the structure as easy as 

possible. As for courage, it will be necessary when drastic changes have to be made due to 

changing requirements. 

XP also contains 12 steps which must be followed in order for the project to succeed. 

Whereas the main idea of XP fits the project, some of these techniques not always do. There 

will be frequent but not continuous testing due to the lack of an on-site-customer. As for the 

40-hours-week, we will work longer if this is required. 

XP is very suitable for this project. Unlike many other methodologies, documentation is not a 

prime concern, delivering software is (Avison and Fitzgerald, 2003).  
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7. Design 

7.1 Requirements Engineering 

In software-engineering, a requirement is a singular documented need of what a particular 

product or service should do. It is used in systems engineerƛƴƎ ƻǊ ǎƻŦǘǿŀǊŜ ŜƴƎƛƴŜŜǊƛƴƎΦ LǘΩs a 

statement that identifies a necessary attribute, capability, characteristic, or quality of a 

system in order for it to have value and utility to a user (Young, 2001). 

The requirement phase may be broken down into requirements elicitation (gathering 

requirements), analysis (checking requirements), specification (documenting requirements) 

and verification (making sure the requirements are correct) (Wiegers, 2003). 

According to Sommerville (2001) there is a clear separation between the different levels of 

requirements. Functional requirements are statements of services the system should 

provide, how the system should react to particular inputs and how the system should 

behave in particular situations. Non-functional requirements are constraints on the services 

or functions offered by the system. They include timing constraints, constraints on the 

development process, standards, etc. System requirements set out the system services and 

constraints in detail. User requirements are statements, in a natural language plus diagrams, 

of what services the system is expected to provide and the constraints under which it must 

operate.  

Requirements generally change with time. During many projects, requirements have altered 

before the system is complete. This is partly due to the complexity of the software and the 

ŦŀŎǘ ǘƘŀǘ ǳǎŜǊǎ ŘƻƴΩǘ ƪƴƻǿ ǿƘŀt they want before they see it (Pressman, 2005). 

7.1.1 Original requirements 

This section contains the list of requirements gathered from the drafts with which we were 

provided. In chapter 7.6 we will specify the final requirements that where gathered during 

the project. 

7.1.1.1 Functional Requirements 

The bracelet should have 3 panels: 

¶ Main menu 

¶ Sub menu 

¶ Content panel 
 

When the application is run for the first time, the user has to make several choices: 

¶ Selecting a profile 

¶ Selecting scroll-behavior 

¶ Selecting drag-behavior 
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The top of the screen always shows the ΨŎƻƳΩ-button which contains several communication 
options: 

¶ Phonebook 

¶ SMS 

¶ MMS 

¶ Email 
 

¢ƘŜ ǳǎŜǊ ǎƘƻǳƭŘ ōŜ ŀōƭŜ ǘƻ ǎŎǊƻƭƭ ǎƳƻƻǘƘƭȅ ǘƘǊƻǳƎƘ ǘƘŜ ƳŜƴǳΩǎ ōȅ ŘǊŀƎƎƛƴƎ Ƙƛǎ ŦƛƴƎŜǊ ŜƛǘƘŜǊ 
up or down. There are always 3 buttons visible on the screen. 
 
¢ƘŜ ƳŜƴǳΩǎ contain buttons which highlight when selected and dim when unselected. Only 
one item can be selected at a time. When the menu-item is selected the com, next, previous, 
scroll-up, scroll-down buttons highlight depending on the possibilities available. 
 
When the user wants to open a menu-item, he should select a button and then drag it  
horizontally to the side (either left or right depending on the choice made by the user) of the 
panel. If not released on a valid place, the button will return to its original position. 
 
When the user wants to go back to a previous screen, he should drag the button horizontally 
to the other side of the panel (either left or right depending on the choice made by the 
user). 
 
When the user selects an item on the Content-panel he should be able to drag it to the com-
button as well. When released over the com-button, the user has to make a choice to whom 
he wants to send the content. 
The bracelet gives the user feedback concerning WIFI, Bluetooth, battery and Mobile Phone 
ς signal status. 
  

7.1.1.2 System Requirements 

The resolution of the screen is: 240 pixels by 320 pixels. 
 
The bracelet should contain a WIFI - / Bluetooth - / Mobile Phone ς connection.  
 

7.1.1.3 Data Requirements 

/  

7.1.1.4 Non-functional Requirements 

The menu should be scalable, if there are more than 6 buttons, you should be able to scroll 
through the menu as fluently as you would with 6 items. 
 
The application should run in a way that it would respond fast to the inputs of the user. 
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7.1.1.5 User Requirements 

The user should be able to use the application without problems after +- 1 minute. 
 
The application should run smooth as well as the dragging and scrolling. 
 
There should only be a fail-rate in the using of the application of about 10%. 
 
The time to find specific information on the device should be as low as possible. 
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7.2 User interface design 

 
The interface that the user sees during the use of the device is the single paramount aspect 

ƻŦ ǘƘŜ ǎȅǎǘŜƳ ό.ŜƭƭΣ нллрύΦ ¢ƘŜ ǳǎŜǊ ŘƻŜǎƴΩǘ ƪƴƻǿ ŀƴŘ ǇǊƻōŀōƭȅ ŘƻŜǎƴΩǘ ŎŀǊŜ Ƙƻǿ ǘƘŜ ǎȅǎǘŜƳ 

works. If the interface is easy to use, the user will be encouraged to use the device 

frequently, if not, the device will be neglected and the producer of the device will lose its 

value on the market. 

¢ƘŜǊŜŦƻǊŜ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƘŀǘ ǿŜ ŘŜǎƛƎƴ ŀƴ ƛƴǘŜǊŦŀŎŜ ǘƘŀǘ ƛǎ Ŝŀǎȅ ǘƻ ƭŜŀǊƴ, that has a variety 

of interaction styles and that gives feedback to its user. 

In the bracelet application, we try to keep the user interface as simple as possible, although 

we will provide it with a futuristic touch- and feel-ŜƭŜƳŜƴǘΦ .ŜŎŀǳǎŜ ƛǘΩǎ ƛƳǇƻǊǘant that the 

user understands the true meaning of every element in the menu, every button is provided 

ǿƛǘƘ ŀ ƭŀǊƎŜ ƛŎƻƴ ǘƘŀǘ ŜȄǇƭŀƛƴǎ ŀ ƭƻǘ ƻŦ ǘƘŜ ōǳǘǘƻƴΩǎ ŦǳƴŎǘƛƻƴŀƭƛǘȅΦ For example: the main 

menu contains among some other items, a button with an screwdriver-icon on it, referring 

to the settings of the device. 

Next to the easy learnability we tried to implement a lot of flexibility in the application. On 

the systems first run, it will ask the user for some preferences. The user can select if the 

ΨƴŜȄǘΩ menu opens up by dragging to the left or to the right side of the screen. He also can 

adjust the scroll-settings. Once these settings are stored,  the user still has the possibility to 

adjust them in the options menu later. Besides that, the user can choose a profile which 

allows him to change the background into his favorite picture, change the buttons into a 

another ŎƻƭƻǊΣ ŜǘŎΧ. Because we only made prototypes for three personas, this functionality 

ƛǎƴΩǘ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ƻǳr application. 

A final important design principle is feedback. Every action the user performs or every 

interaction that is made with another device should provide the user with clear, obvious 

feedback. When the user taps a menu-item with his finger, various elements will lit up on 

the side of the screen, showing the different options available. When the user has lost his 

WIFI, Bluetooth or Mobile phone connection, the background color of the application will 

slightly turn red, signaling there are some issues.  If the user receives a message, the 

communication icon will lit up slightly.  

There are many ways users can interact with their device and ask for feedback, but 

ǳƴŦƻǊǘǳƴŀǘŜƭȅ ǿŜ ŎŀƴΩǘ ƛƳǇƭŜƳŜƴǘ ŀƭƭ ƻŦ ǘƘŜƳΦ ¢ƘŜ ǳǎŜǊ ǊŜŎŜƛǾŜs feedback for every sense in 

Ƙƛǎ ōƻŘȅ ƛŦ ŜǾŜǊȅǘƘƛƴƎ ǎǘƛƭƭ ǿƻǊƪǎ ŦƛƴŜΦ ²Ŝ ŘŜǎƛƎƴŜŘ ǘƘƛǎ ŀǇǇƭƛŎŀǘƛƻƴ ŦƻǊ ŘƛŦŦŜǊŜƴǘ ǇŜǊǎƻƴŀΩǎΣ 

ŀǎǎǳƳƛƴƎ ǘƘŀǘ ǘƘŜȅ ŀǊŜƴΩǘ ŘŜŀŦΣ ŎƻƭƻǊōƭƛƴŘ ŀƴŘ ǎǘƛƭƭ ƘŀǾŜ Ƴƻǎǘ ƻŦ ǘƘŜƛǊ ŦƛƴƎŜǊǎ ǘƻ ƛƴǘŜǊŀŎǘ ǿƛǘƘ 

the device. Also, feedback needs to remain limited. PŜƻǇƭŜ ǿƻƴΩt be pleased with a strange 

artificial smell informing them about the latest news. 
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7.3 Prototyping 

ά¢ƘŜ ŎƻƳǇƭŜȄƛǘȅ όŀƴŘ ǘƘŜ ƎǊƻǿƛƴƎ ŎǳǎǘƻƳŜǊ ŜȄǇŜŎǘŀǘƛƻƴǎύ ƻŦ ƳƻŘŜǊƴ D¦Lǎ ƳŀƪŜǎ 

prototyping an indispensible element in software development. The feasibility and 

usefulness of the system can be estimated through prototypes well before real 

implementation is uƴŘŜǊǘŀƪŜƴέ όaŀŎƛŀǎȊŜƪ, 2005). 

Prototyping is a process model which gives the end-user, in an early state of the project, a 

preview of what he might be expecting in the end. A prototype can be a quick rough sketch, 

provided with some comments about the basic functionality or looks. Although, during the 

evolution of the project, the prototype sketches evolve and will become more detailed. In 

the project we use two sorts of prototypes: the low-fidelity and the high-fidelity prototype.  

7.3.1 Low-fidelity prototype 

A low-fidelity prototype is a quickly created sketch, that gives an overall view of what the 

application is consisted of. The sketches are called low-fi, because their functionality and 

design is far apart from the final product. The low-fi sketch you see in appendix 1 is  the 

ŘǊŀǿƛƴƎ ǿŜ ǊŜŎŜƛǾŜŘ ŦǊƻƳ ƻǳǊ ƛƴƛǘƛŀǘƻǊǎΦ LǘΩǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǊŜǇŜŀǘƛƴƎ ǎƪŜǘŎƘŜǎ ǿŜ ǳǎŜŘ 

during the whole project. Later on, when we started implementing the design, we changed 

the default sketch to what you see in appendix 2. 

The sketch in appendix 2 represents the first menu, containing three buttons who have the 

possibility to be scrolled either up or down, who are draggable to the next menu and who lit 

up when tapped. Of course, we could split up this low-fi sketch into three other sketches 

according to their different functionality, but that would lead us too far and ǿƻǳƭŘƴΩǘ ōŜ ŀƴ 

asset to this paper. The sketch in appendix 2 is the most overall low-fi sketch we used during 

our project. 
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7.4 Platforms 

During the evolution of the project we experienced many problems when choosing a 

suitable platform to run the application on. The following enumeration will explain the  

(dis-) advantages of the several platforms. 

 

7.4.1 PDA / Pocket PC 

At the start of the project, the main purpose was to make the application in Java ME (Java 

Mobile Edition, previously called J2ME). This language is particularly used to create menus in 

older mobile phones. Because we have to create an modern, good-looking interface, we 

think that Java ME is too limited in its possibilities. If we had to make the program in this 

language, we would have had to add functionalities of our own and this would have asked 

too much memory of the mobile phone. 

After we decided not to use Java ME, we did some research to check if it is possible to run 

standard Java applications on a PDA/Pocket PC. We managed to make a simple test 

application where the user can drag images on the scǊŜŜƴ ǘƻ ŀ ŎŜǊǘŀƛƴ ōǳǘǘƻƴΦ Lǘ ŘƛŘƴΩǘ ǘŀƪŜ 

long for us to see that this was hopeless as well. We made only one of the three ƳŜƴǳΩǎ ŀƴŘ 

the phone ran out of memory.  

JavaScript 

We chose JavaScript because it can be implemented on every device that has a browser. 

!ƭǘƘƻǳƎƘΣ tƻŎƪŜǘ LƴǘŜǊƴŜǘ 9ȄǇƭƻǊŜǊ ŘƛŘƴΩǘ ǎǳǇǇƻǊǘ ƻǳǊ ŎƻŘŜΣ ǿŜ ƳŀƴŀƎŜŘ ǘƻ Ǌǳƴ ƻǳǊ ŦƛǊǎǘ W{ 

ŀǇǇƭƛŎŀǘƛƻƴ ǿƛǘƘ hǇŜǊŀ aƻōƛƭŜΦ Lǘ ŘƛŘƴΩǘ ǘŀƪŜ ƭƻƴƎ ŦƻǊ ǳǎ ǘƻ ƴƻǘƛŎŜ ǘƘŀǘ ǘƘƛǎ ŎƻŘŜ ǿƻǳƭŘ ŀƭǎƻ 

demand too much memory of the device. We checked, and double-checked our code and 

concluded that we needed a new, better machine.  

7.4.2 Desktop / Laptop 

It would be very easy to make an application that simply runs on a desktop or laptop. The 

latest models have plenty of RAM-memory and are really good looking. But, when we use 

ƻƴŜ ƻŦ ǘƘŜǎŜ ǇƻǎǎƛōƛƭƛǘƛŜǎ ǿŜ ǿƻǳƭŘ ƛƎƴƻǊŜ ǘƘŜ ŀǎǇŜŎǘ ƻŦ ōŜƛƴƎ ΨƳƻōƛƭŜΩ ŀƴŘ ΨǇƻǊǘŀƭōƭŜΩ. 

tǊŜǎŜƴǘƛƴƎ ŀ ōǊŀŎŜƭŜǘ ƻƴ ŀƴ мрΦп ƛƴŎƘ ǎŎǊŜŜƴ ƛǎƴΩǘ ŜȄŀŎǘƭȅ ǎƳŀƭƭΦ .ŜǎƛŘŜǎ ǘƘŀǘ Ƴƻǎǘ ƻŦ ǘƘŜǎŜ 

ƳŀŎƘƛƴŜǊȅ ŘƻƴΩǘ ǎǳǇǇƻǊǘ ǘƻǳŎƘ-screen as well. 

7.4.3 iPhone  / iPod Touch 

ModifyƛƴƎ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ǎƻ ƛǘ ǿƻǳƭŘ Ǌǳƴ ƻƴ ƻƴŜ ƻŦ !ǇǇƭŜΩǎ ŘŜǾƛŎŜǎ ǿƻǳƭŘ ƘŀǾŜ ōŜŜƴ ǘŜǊǊƛŦƛŎΦ 

However, after some research we found several problems. First of all, the iPhone and the 

ƛtƻŘ ¢ƻǳŎƘ ŘƻƴΩǘ ǎǳǇǇƻǊǘ ŀ ŘǊŀƎ ŦǳƴŎǘƛƻƴΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ǳǎŜǊ Ŏŀƴ ǎŜƭŜŎǘ Ƴenu items 

and drag them to the next level. Instead he would have to tap the next and previous 

ōǳǘǘƻƴǎΦ ¢Ƙƛǎ ƻǇǘƛƻƴ ǿƻǳƭŘ ŎƘŀƴƎŜ ǘƘŜ ǿƘƻƭŜ ŎƻƴŎŜǇǘ ƻƴ ǘƘŜ ōǊŀŎŜƭŜǘ ŀƴŘ ǘƘŀǘΩǎ ƴƻǘ ǿƘŀǘ 

we, neither our constituents want. 
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The second problem was that the apple SDK (Software Development Kit) was delayed 

several times and eventually released too late. Our project started four weeks earlier, and it 

would be useless waiting on that. However, if we had started using the SDK, we still would 

have had the scroll problem. 

7.4.4 Tablet PC 

Eventually we chose to make our final program fittable on a tablet pc. The presence of the 

touch screen and the portability of the device are the biggest advantages of the tablet pc. 

²Ŝ ŀǊŜ ǿŜƭƭ ŀǿŀǊŜ ǘƘŀǘ ǘƘƛǎ ŘŜǾƛŎŜ ƛǎƴΩǘ ƳŀŘŜ ǘƻ ǿŜŀǊ ƻƴ ȅƻǳǊ wrist, but at this moment it 

suits most of the requirements. Besides that, our tablet pc (a Samsung Q1) is at least five 

times as powerful as the PDA we used before. 
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7.5 Programming Tools 

!ǎ ƻŦ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘΣ ǇŘŀΩǎ ŀƴŘ ǎƳŀǊǘǇƘƻƴŜǎ ǿŜǊŜ ǇƻƛƴǘŜd out as the devices 

that were going to be used for testing the application (see chapter 7.4). It was the best 

choice since the hardware could simulate the real size, mobility and usability of the futuristic 

bracelet. However, due to the lack of power of these small devices we decided to use the 

tablet PC as the new main goal for testing purposes. Because of its powerful hardware, its 

mobility and its touch screen, the tablet pc was an obvious choice. However, the real size of 

ǘƘŜ ōǊŀŎŜƭŜǘ ǿŀǎƴΩǘ ǘƻ ōŜ ŎƘŀƴƎŜŘΣ ǎƻ ǿŜ ǎƛƳǳƭŀǘŜŘ ǘƘŜ ōǊŀŎŜƭŜǘ ƻƴ ǘƘŜ ǘŀōƭŜǘ ǇŎ ǳǎƛƴƎ ƛǘǎ 

original dimensions.  

Because a wide audience had to be reached, a web application was chosen. As a choice of 

programming language, we decided to develop a solution using HTML, CSS and JavaScript. 

HTML (Hypertext Markup Language) is the predominant markup language for web pages. It 

provides a means to describe the structure of text-based information in a document and to 

supplement that text with interactive forms, embedded images, and other objects. HTML is 

written in the form of tags, surrounded by angle brackets. HTML can also describe, to some 

degree, the appearance and semantics of a document, and can include embedded scripting 

language code (such as JavaScript) which can affect the behavior of web browsers and other 

HTML processors. 

CSS (Cascading Style Sheets) is a stylesheet language used to describe the presentation of a 

document written in a markup language. Its most common application is to style web pages 

written in HTML and XHTML. CSS is used to help readers of web pages to define colors, 

fonts, layout, and other aspects of document presentation. It is designed primarily to enable 

the separation of document content (HTML) from document presentation (CSS). 

JavaScript is a scripting language most often used for client-side web development. It is a 

dynamic, weakly typed, prototype-based language with first-class functions. JavaScript was 

influenced by many languages and was designed to look like Java, but be easier for non-

programmers to work with. The language is best known for its use in websites (client-side 

JavaScript). 

Mootools (My Object Oriented Tools) is an open source, compact, and modular object-

oriented programming JavaScript framework. It makes the process of writing extensible and 

cross-browser compatible code more efficient and concise. 

¶ Mootools allows the developer to hand-pick the preferred components to use. 

¶ It follows object-oriented practices which makes the framework rich, powerful 

and efficient. 
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¶ Mootools contains advanced Effects components with optimized Transitions used 

by many Flash developers. 

¶ It is a framework that is mainly developed for developers 

Combined with CSS and HTML, Mootools was the perfect candidate to produce the various 

animations of the bracelet. 
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7.6 Final requirements 

During our project, several changes were made to the requirements. Due to insufficient 

communication, not every aspect was clearly pointed out at the beginning of this project. 

This resulted in vague information concerning the requirements of the application. However, 

while the project was making progress, we were able to get all the information needed to 

continue the development of the prototype. Because of the constant feedback of the 

customer we were able to obtain the final requirements (also see chapter 7.8Σ Ψ¦ǎŜǊ 

ŜǾŀƭǳŀǘƛƻƴΩύΦ 

Below is a list of requirements that were either modified or added during the project. 

7.6.1 Functional Requirements 

¢ƘŜ ǘƻǇ ƻŦ ǘƘŜ ǎŎǊŜŜƴ ŀƭǿŀȅǎ ǎƘƻǿǎ ǘƘŜ ΨŎƻƳΩ- button which contains a phonebook divided 
into categories. Each of these categories has a list of people which the user can call. 

When the application is run for the first time, the user has to select a profile. 

The user can change scroll and slide behavior in the settings menu. 

When the content panel does not contain any draggable content, the user should be able to 
return to a previous menu by dragging his finger horizontally to the side. 

7.6.2 System Requirements 

The resolution of the screen is: 180 pixels by 320 pixels. 
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Main menu. 

7.7 High-fidelity prototype 

High fidelity prototyping uses materials that you would like to expect to be in the final 

product and produces a prototype that looks much more like the final thing. (Preece, Rogers 

& Sharp, 2002) 

7.7.1 tŜǊǎƻƴŀΩǎ 

Lƴ ǘƻǘŀƭΣ ǘƘǊŜŜ ǇŜǊǎƻƴŀΩǎ ǿƘŜǊŜ ŘŜǾŜƭƻǇŜŘ ōȅ aŜŘƛŀ-IT and the design group. The main 

ǇǳǊǇƻǎŜ ƻŦ ƘŀǾƛƴƎ ǎŜǾŜǊŀƭ ǇŜǊǎƻƴŀΩǎ ƛǎ ǘƻ ǎƘƻǿ ǘƘŀǘ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ the bracelet is made for a 

wide target group. 

Albin is a 19 year old student who likes football. Besides cheering for his favorite soccer 

team Hammerby, he likes to go out and have a drink. His bracelet has a simple futuristic 

design in grayscale, decorated with a Jimmy Hendrix picture. 

5ƛŀƴŀ ƛǎ ŀ оо ȅŜŀǊ ƻƭŘ ŘƛǾƻǊŎŜŘ ǿƻƳŜƴ ǿƘƻ Ƙŀǎ ŀƴ ŀŘƻǊŀōƭŜ ōŀōȅ ƻŦ ǘƘǊŜŜΦ {ƘŜΩǎ Ƴŀƛƴƭȅ 

interested in healthy cooking, fitness and spending time with her daughter. The interface of 

her bracelet is developed with soft relaxing colors. 

The last persona is Maria, a 51 year old art director who works at an advertising agency. She 

likes cooking, painting and enjoys art. Her bracelet was designed with an artistic touch and 

uses soft pastel colors. 

7.7.2 Demonstration 

The high-fidelity prototype we use as an example was the one built for Albin. The interfaces 

ƻŦ ǘƘŜ ƻǘƘŜǊ ǇŜǊǎƻƴŀΩǎ ǿƻǊƪ ǎƛƳƛƭŀǊ ǿƛǘƘ ǘƘŜ ŜȄŀƳǇƭŜ given. These can be viewed in 

appendix 3 and 4. The application consists of three menus. The image below shows you the 

main menu. Like in every other menu, the communication button is placed at the top of the 

screen and is always visible. 

7.7.2.1 Main menu 

Next to the communication button, the main menu consists of other 

standard buttons. After consideration with the design group we 

decided to incorporate άIƻƳŜ ŀƴŘ CŀƳƛƭȅέΣ άbŜǿǎέΣ ά9ƴǘŜǊǘŀƛƴƳŜƴǘέΣ 

άIŜŀƭǘƘ ŀƴŘ CƻƻŘέΣ ά¢ǊŀǾŜƭǎ ŀƴŘ ±ŀŎŀǘƛƻƴέ ŀƴŘ ά{ŜǘǘƛƴƎǎέΦ .Ŝcause the 

application had to be intrusive, we provided the buttons with icons 

instead of text. Visual icons can be remembered easy and will be 

experienced better. If the user wants to scroll through the menu, he 

simply needs to touch the screen and move his finger slightly down. 

The menu items will start moving slowly. When the user taps a button 

from the menu, the button will lit up and show the different 

possibilities of the button (moving left, right). 
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Submenu. 

Content menu. 

Communication menu. 

7.7.2.2 Submenu 

When the user drags a button from the first menu to the left (this 

ƳƛƎƘǘ ŀǎ ǿŜƭƭ ōŜ ǊƛƎƘǘΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǳǎŜǊǎΩ ǎŜǘǘƛƴƎǎΣ ōǳǘ ƛƴ ǘƘŜ 

whole example we will assume the user prefers the default settings), 

he will go to one of the submenus. Every item from the main menu 

contains at least three submenus. Because the application is a 

prototype, some of them will partially work, others will be disabled. 

When the user wants to open an item in the submenu, he needs to 

drag the actual button the left. When he wants to go back to the main 

menu, he can choose any button in the submenu and drag it to the 

right.  

 

7.7.2.3 Content menu 

When the user enters ǘƘŜ ŎƻƴǘŜƴǘ ƳŜƴǳΣ ƘŜΩǎ ŀōƭŜ ǘƻ ǎŎǊƻƭƭ ǘƘǊƻǳƎƘ ƛǘΦ LŦ ƘŜ 

thinks one of his contacts is interested in a certain part of the content, the 

user can drag this item to the communication button, select a destination 

and send the information. After the message is sent, the user will return to 

the content menu. 

7.7.2.4 Communication menu 

When the user wants to open the communication menu, he has to 

ǎƭƛŘŜ ǘƘŜ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ōǳǘǘƻƴ ǘƻ ǘƘŜ ƭŜŦǘΦ hƴŎŜ ǘƘŀǘΩǎ ŘƻƴŜΣ ǘƘŜ 

communication menu will appear. Here the user needs to choose 

who he wants to communicate with by selecting a certain category 

of people. After he picked one, the selected group will open. There 

he has to select a specific contact. Because our application is a 

ǇǊƻǘƻǘȅǇŜΣ ǿŜ ŘƛŘƴΩǘ ōǳƛƭŘ ƛƴ ƳƻǊŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ŀŦǘŜǊ ǘƘƛǎ ƳŜƴǳΦ 

When the user wants to leave the communication menu, he needs 

to go back to the first level in the com-menu and drag one of the 

communication groups to the previous menu. Once that is 

completed he will go back to the screen where he opened the com-

menu in the first place. 
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7.8 User evaluation 

ά9Ǿŀƭǳŀǘƛƻƴ Ƙŀǎ ǘƘǊŜŜ Ƴŀƛƴ ƎƻŀƭǎΥ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ŜȄǘŜƴŘ ŀƴŘ ŀŎŎŜǎǎƛōƛƭƛǘȅ ƻŦ ǘƘŜ ǎȅǎǘŜƳΩǎ 

ŦǳƴŎǘƛƻƴŀƭƛǘȅΣ ǘƻ ŀǎǎŜǎ ǳǎŜǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴΣ ŀƴŘ ǘƻ ƛŘŜƴǘƛŦȅ ǎǇŜŎƛŦƛŎ ǇǊƻōƭŜƳǎ 

ǿƛǘƘ ǘƘŜ ǎȅǎǘŜƳέ ό5ƛȄΣ CƛƴƭŀȅΣ !ōƻǿŘ ϧ .ŜŀƭŜΣ нллпύΦ 

Test driven development is one of the most important aspects of Extreme Programming. By 

receiving constant feedback of the user, us programmers can get an excellent view of the 

ǿŀȅ ǘƘŜ ǳǎŜǊ ǎŜŜǎ ŀƴŘ ΨŦŜŜƭǎΩ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴΦ Lƴ ǘƘŀǘ ǿŀȅ ǿŜ Ŏŀƴ continuously determine 

what needs to be adjusted or corrected.  

In appendix 5 you can find an example of our first survey.  This questionnaire was given to 

ǇŜƻǇƭŜ ǿƘƻ ŘƛŘƴΩǘ ƪƴow anything about concept of the bracelet. They were allowed to use 

the application for about seven minutes before they had to fill in the survey. Because the 

largest part of the design in our application was determined by the design group, we 

changed the main purpose of the user testing into debugging the program. Besides tracking 

errors, we wanted to know how users felt about the usability of the application. If the results 

had turned out dramatically, we could have contacted the design group about this. Luckily, 

ǘƘŜ ǎǳǊǾŜȅ ŘƛŘƴΩǘ ōǊƛƴƎ ǳǇ ŀƴȅ ƳŀƧƻǊ ǇǊƻōƭŜƳǎΦ 

Although, before we started our survey, some people from Media-IT where given the 

occasion to test our application. Particularly our mentor, Jesper Svensson, provided us with 

the necessary feedback. He is involved in the whole project and knows the requirements like 

no other. When the program was completely tested by him, we made the step to the public. 

After analyzing the results of the first survey, we noticed that a lot of people would like to 

use the feedback icons on the borders as clickable scrollbuttons. Also, some users 

mentioned that the screen size is too large for a bracelet. After consideration with our 

mentor, we decided to remove the feedback icons. Making this change, more unused screen 

space became available. Adjusting the resolution to the new content solved the second 

problem. 

In appendix 6 you see the results of our second questionnaire. This survey was presented to 

a group of students who were involved with the project and knew what the main purpose of 

the bracelet was. Before they could test the application, they attended a presentation about 

the Ubimedia project, including the development of our bracelet. 

LŦ ǿŜ ŎƻƳǇŀǊŜ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ŦƛǊǎǘ ŀƴŘ ǎŜŎƻƴŘ ǎǳǊǾŜȅ ƛǘΩǎ ƴƻǘƛŎŜŀōƭŜ ǘƘŀǘ ǿŜ Ǝƻǘ ōŀŎƪ 

better results concerning the size of the bracelet and the feedback. This shows that we made 

the right choice when we changed the size of the bracelet and ƛǘΩǎ feedback options.  
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8. Conclusion 

As of the very beginning of this project, it was clear that this task was going something 

completely different from our previous work. Whereas most other projects are narrowed 

down, we were given the opportunity to give our personal input. Not only were we given the 

freedom to choose the selected programming language, we were also motivated to share 

our ideas and opinion. 

But as in each company, the communication between the different levels can be somewhat 

tedious. During our stay in Halmstad, we experienced similar problems. It was sometimes 

difficult for us to continue the development because we needed to wait for certain 

feedback. Nevertheless was our work appreciated and were we involved in the process. Not 

only were we responsible for the creating of this prototype, we were also encouraged to 

make design proposals for the different personas. 

Besides the programming of this application, we were asked to document our project. In this 

documentation we had to write down the evolution of the project. As for the selected 

approach (Software Development Method) we chose Extreme Programming. We would like 

to mention that it was a novelty for us to use this method in a real life situation. We also 

learned a lot of prototyping and user evaluation. We were able to put all these aspects in 

practice which gave us interesting information and feedback. Thanks to the users we were 

able to make the proper modifications to the application.  

All in all, this was an unforgettable experience in which we not only learned a lot concerning 

programming, we also had an insight of the real business life. That our work and our 

documentation may be useful to others in the future.  
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