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Prologue 

Aftera decennium of enrolment at the Technica! University of Eindhoven, you now have my 
Master thesis before you. During these years I have had many subjects of study. These have 
not been restricted to the official ones from my curriculum in Human-Technology Interaction 
with a minor in lnformation and Communication Technology; also subjects from other 
curricula, my fellow students, teachers, colleagues at work, other cultures and languages and 
life itself have been studied extensively. I have experienced, learned and developed even more 
than I could have imagined. I am thankful to all who have contributed to this stage of my life. 

My special thanks go out to my supervisors for advising and guiding me through the last 
phase of my study. Thanks to all the participants, of the user observations and brain storm 
session, for their open mindedness and their honest opinions. Thanks also to my colleagues at 
Philips for the opportunities provided and their advice on and cooperation with my thesis. I 
would also like to thank my family and friends for their insights into life and on how to enjoy 
it and occasionally survive it. 

And to my parents and my brother, thank you for all your endless love, support, advice and 
being there for me: this thesis is for you. 

So, as one journey ends, another one begins. But one thing is for sure: learning never stops ... 

1 By Immanuel Kant in the essay "Answering the Question: What is Enlightenment?" from 1784. 

Sapere aude1 

(1. Kant) 
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Summary 

The research objectives of this thesis were to provide recommendations to improve Philips' 
current wireless music adapter' s user interface and consumer experience, and to provide user 
requirements for future user interfaces for large digital music collections. To fulfil these 
objectives, the thesis was split in two parts. 

The first part focused on the situation nowadays: the current wireless music adapter. After 
looking into the detailed workings of the adapter, it was evaluated by user observation, and 
market feedback. This resulted in a list of problems with the adapter. By removing problems 
already solved, and making a selection based on urgency and solvability, a final list with 
problems was created for the first round of improvements. lnformation about the underlying 
"gaps of dissimilarity" has been added, by tagging the problems with Nielsen's usability 
guidelines, to aid in improving the adapter. We have seen that the main problems were related 
to navigating through large collections, the small display, and the environment of the adapter 
(i.e. wireless network, Philips Media Manager, Club Philips, and registration). These were 
mainly caused by non-intuitive, error prone user interfaces, and lack of information and 
feedback for the user. 

The second part focused on the future: user interfaces for large music collections. After 
gathering information from existing music players, research on user interfaces for music 
players, and a brainstorm session, we had a first impression of user requirements, with 
possible matching interfaces. This information was used to create three prototype user 
interfaces (CDShelf, PlayList, and EMu), which were evaluated by users. 

We have seen that users have a strong desire for a personal, tangible experience with their 
music. We now also know that users' preferences for navigation methods depend on how 
their music collection is organized, and on whether they know what kind of music they want 
to listen to. The latter is also influenced by the users' mood, and the activity they are 
undertaking. The CDShelf and EMu prototypes were most popular, because each of these had 
elements that could support users in fulfilling their desires and preferences. This information 
was summarized in a list with user requirements for future interfaces for large music 
collections. 
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1 Introduetion 

One of the many technological developments that have become very popular amongst a wide 
variety of people is digital music. Because the most popular format is MP3, digital songs have 
also become known as MP3's2

. Since MP3-players aresmalland hardly weigh anything these 
days, you can see many people listening to their music in public, e.g. whilst reading a 
newspaper in the train or going for a run. The computer at home, with Internet conneetion and 
more starage capacities, bas an even larger collection of MP3 's. 

But what if your computer is in the study upstairs and you would like to listen to your music 
whilst cooking in the kitchen downstairs? Assuming you have decent speakers on your 
computer you could turn the volume up, but generally your neighbours will not appreciate 
this. Y ou could also download the music to your MP3 player, but wearing headphones will 
make it more difficult to hear whether the water is boiling or the baby is crying in another 
room. And if you have friends over, would you like them to hear some music from that new 
artist you discovered? Without having to stand in a small room, havering over the computer 
with five people? 

So with the development of digital music came the realisation that there are limits to the 
location where you can listen to your favourite songs. Philips Consumer Lifestyle bas created 
the wireless music adapter to solve this problem at home. By connecting both your computer 
and the adapter to a wireless network, your digital music collection and Internet radio become 
accessible tbraughout the house. You do not have to carry anything around the house 
anymore, because you can loc a te an adapter in each desired room. Y ou can also conneet the 
adapter to speakers so you can still hear important sounds corning from your environment. 

According to Peter, Olson and Grunert (1999), one of the most important marketingaspectsis 
the consumer satisfaction with the product. When you buy a product you have expectations 
concerning its functioning and user friendliness. You can never (fully) test a product in the 
store, so you do not know if the product will live up to your expectations until you are home. 
The match or mismatch between your expectations and the real product will deterrnine your 
satisfaction about the product and the brand. This will in turn deterrnine your future 
purchases, and recommendations to friends and family (Peter et al. , 1999). Since the wireless 
music adapter bas been on the market in 2005, market feedback bas indicated that, after 
purchase, consumers do not find the wireless music adapter and its user interface user 
friendly. This decreases consumer satisfaction with the product. 

Therefore, the research objectives are as follows: 
Firstly, Philips would like to see recommendations to imprave the current wireless music 
adapter's user interface and consumer experience. The latter is defined by Philips as a 
combination of: 

• Unpacking the box (the out-of-the-box experience). 
• Connecting and installing the device to the wireless network. 
• Enjoying digital music (playback and navigation). 

Secondly, the research bas to be done in such manner that the recommendations are also 
applicable to other ( future) Philips products. 

2 Other common formats are FLAC, OGG, WA V and WMA. The WMA format is also used extensively for 
audio files on Internet websites, including Internet radio. 
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To fulfil these objectives, the thesis has been split in two parts. In the first part the focus will 
be on the situation nowadays; on how the current wireless music adapter works, how it is 
evaluated by users, and how it can be improved. In the second part, the focus will be on future 
user interfaces for large music collections. After gather information from music players, 
research, and a brainstorm session, several prototypes will be generated. These will be 
evaluated by users, to create a list of user requirements for user interfaces for large music 
collection. 
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Part 1 - Nowadays 

The current wireless music adapter 
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2 The wireless music adapter in detail 

A wireless music adapter can give you access to your digital music collection and Internet 
radio, at every location in the house. Sounds nice, but how does it do this? And how can you 
operate it? First of all, you need to instaU a software program, called a music server, on your 
computer to communicate with the adapter about the music collection. Second, you need to 
register on the Club Philips website, to allow the adapter access to Internet radio stations. 
Finally you need to conneet the adapter to the wireless network, and to an audio system or 
speakers (see figure 1). Let us look at each of theseaspectsin turn. 

l 

Philips ECD server 

Wrreless music adapter 'With 
remote control and speakers 

Wrreless router 

Computer connected to the 
'Wirele ss network, c ontaining 

the Music server 

Figure 1. The environment of the wireless music adapter: speakers, a wireless network, a 
computer with a music server, the Club Philips website, and the Philips ECD server. 

2.1 Music server: Philips Media Manager 
The music server manages music files on the computer and makes them available to the 
wireless music adapter through the wireless network. After instaHing the software, you 
indicate which folders contain music: the Watch folders . The music server automatically 
organises the music collection depending on the metadata attached to the songs, e.g. on artist, 
album, and genre. It is also possible to view the collection the way it is stored on the computer 
by selecting Watch folders. Y ou can also create a so-called play list: a list of music tracks, 
from different artists and albums, depending on your situation, desires, and/or mood at that 
time. 
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The wireless music adapter is delivered with Philips' music server: Philips Media Manager. 
This software has been created for several Philips Consumer Lifestyle products. Other music 
servers like Windows Media Connect, Apple iTunes, or MusicMatch can also be installed, but 
this thesis will assume that Philips Media Manager is used. 

2.2 Club Philips and Philips ECD server 
You can register with the Club Philips website via the wireless music adapter or the Philips 
Media Manager. Registration allows access to Internet radio, and updates for the product 
software and Philips Media Manager. The Club Philips website contains information about 
your name, email address, re gistered products, and personal preferences. Y ou can also add 
your personal favourite Internet radio stations on this site. 

The wireless music adapter is automatically registered in the Philips ECD server after 
registration with Club Philips. The ECD server contains links to the Club Philips database, 
and to a predefined set of Internet radio stations. When you want to listen to Internet radio via 
the wireless music adapter, the adapter connects to the ECD server to receive the necessary 
information. The ECD server can manage Internet radio stations that broadcast in both WMA
and MP3-format. 

2.3 User interface 
The wireless music adapter has a blue display of 128 by 64 dots, allowing six lines of text. 
The Home menu at start-up contains three "folders": Internet Radio, Favourites, and PMM 
(Philips Media Manager) (see figure 2A). Internet Radio provides access to the Internet radio 
stations, as managed by the ECD server. The Favourites folder contains songs you have 
marked as being "favourite", using the remote controL The PMM folder allows the user 
access to the music stored on the computer (see figure 3A). 

During playback the display shows song information (artist, title, album, and elapsed time), as 
well as current date and time (see figure 2B). The song information is retrieved from the 
metadata attached to the song. As for the two icons on either side of the play icon on the 
bottom, and the two vertical beams on the side of the display in figure 2B: can you guess what 
they mean?3 

Figure 2. Screenshots of the display of the wireless music adapter. Panel A depiets the Home 
menu at start-up; panel B depiets the display during playback of a song. 

3 The two icons on the bottorn of the display in tigure 2B represent "random" (left) and "repeat all" (right). The 
two beams represent the signa) strength (left) and buffer size (right). 
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Figure 3. Panel A depiets a common menu structure of the wireless music adapter; panel B 
depiets the remote control of the wireless music adapter. 
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The remote control is a standard Philips remote control device (see figure 3B). It contains 
numeric keys that can also be used for text entry in SMS text style, while the arrow keys are 
used for navigation. Furthermore, it contains extra buttons for direct access to presets, home 
menu, settings, jump to, (un)mark (for favourite songs), and info. 

2.4 The consumer experience: from purchase to usage 
Unpacking the box & installation 
When opening the box, you first see the Wekome Pack. It contains quick start guides in 
various languages, and an instaBation CD containing manuals and the Philips Media Manager. 
The box contains several other compartments to hold the product and its accessories. The 
quick start guide tells you what to find in the box, and contains the chapters Install, Connect, 
and Enjoy, plus basic troublesbooting tips. 

To install the wireless music adapter you must conneet the adapter to the speakers or audio 
system, and install the Philips Media Manager software on the computer. 

Connecting to network 
The wireless music adapter adjusts the conneetion wizard' s questions to the type of network 
and proteetion level it bas detected. In general this would mean you have to indicate which 
network to conneet to and enter the correct pass word. 

Usage (listening) 
When the music is shared using the Philips Media Manager, you can browse through the 
menu using the remote controL The music adapter also offers several functions like shuffle, 
repeat, storing songs under a preset button, marking songs as favourites, and jumping to the 
first letter (combination) of the files in the current folder. 

The music adapter can playback the music file formats MP3, WMA, WA V, and WMA-DRM. 
WMA-DRM is the format used in online music stores to proteet music from unauthorized 
copying. 

2.5 Potential users 
Based on worldwide research by their Marketing Intelligence department, Philips Consumer 
Lifestyle distinguishes seven user types: tech innovators, hip innovators, wannabes, 
selectives, classics, basics, and uninvolved. This distinction is based on the users' purebase 
intents, feelings regarding different types of technology, and the user's personality (Phelan, 
Leautier and Mensonides, 2005).4 Each user group will buy products in different phases of the 
product life cycle (see figure 4). Tech and hip innovators are so-called early adapters: they are 
the first to buy a new product. 

4 More specifically, the distinction is based on the users ' home entertainment and personal expression needs, 
purchase criteria, technology adoption, social cultural trends, ownership, and purchase intent regarding product 
domains of television, audio/video, computer, and mobile phone (Phelan et al. , 2005) 
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Number of 
products sold 

Tech- Hip-
Innovators Innovators 

Selectiws Classics 
Wannabes 

Basics 

Time on 
market 

Figure 4. Generic product life cycle of a product, with an indication of when different user 
types buy their product (Phelan et al., 2005). 

Some brands focus on just a select number of user types, while other brands like Philips 
create different products for distinctive user types. The marketing of the wireless music 
adapter is focused primarily on tech innovators, hip innovators, and selectives (Phelan et al., 
2005). Together, these groups mainly consist of young potentials and families with children. 
Before buying a product, they gather information from Internet, magazine reviews and friends 
and family. They expect the product to be reliable, easy to use, and give value for money. 
They are more interested in the latest technologies, technological specifications and product 
quality. They arealso more sensitive to the design and look of the product, and the number of 
features it offers. Tech innovators especially focus on the newest technologies available. Hip 
innovators meanwhile go for products that are "hot" and can impress themselves and others. 
Selectives are focused on making a balanced choice (Phelan et al., 2005). When discussing 
users in the rest of this thesis, it will be assumed that they are representative for these three 
groups. 
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3 User evaluation of the wireless music adapter 

Have you ever bought a product, and when you came home discovered it had some problems? 
lf the problem is damaged, you can easily return it to the store. But what about the user 
friendliness of a product? You usually cannot (fully) use a product in the store, so you will not 
found out if the product is user friendly until you get home. There, in the midst of plastic 
bags, tie wraps, and cables, you discover that your computer does not have enough USB ports 
to conneet the cable for your digital camera. Connecting a product to your wireless network? 
That should not be a problem. Until you discover that you do not know the details of your 
wireless network, because your 16-year old nephew installed it for you. Two months later you 
receive a higher bill then expected for your mobile phone subscription, due to Internet traffic. 
How is this possible? Y ou did not u se the Internet, did you? Th en you realize that when you 
are absent minded, it is very easy to select the wrong icon in your phone menu and conneet 
your phone to the Internet. Sounds familiar? You probably have several products at home 
with similar issues. 

As Peter et al. (1999) indicated, consumer satisfaction relies on the match between your 
expectations of a product and the way the product lives up to them. lf there is a mismatch, you 
will experience that product aspect as a problem, leading to dissatisfaction. Therefore, if you 
want to imprave a product, you first need to know which problems it has. I will use user 
observation to discover problems that users experience with the wireless music adapter. The 
results will be compared with market feedback, to result in a list of problems. 

3.1 User observation 
Methad 
I performed a cognitive walkthrough of the product, to be able to specify tasks to be 
performed by the participants, and to recognize problems that the participants could 
encounter. 

Participants were presented with the wireless music adapter in a home situation. They were 
asked to instaU and use the product. While doing so, they were observed from the same room 
and asked to think aloud: to verbalize their thoughts, emotions, and opinions. A small semi
structured interview took place after the observation to review the product. 

Participants 
It was decided that a total of five participants would be observed. The costs of actding new 
participants would outweigh the benefits of the amount of new aspects found, as researched 
by Nielsen and Landauer (1993). Instead, the costs saved now should be used for re
evaluating the wireless music adapter, after Philips has improved it using this thesis. 

The participants were chosen based on the potential user group for the wireless music 
adapters (tech innovators, hip innovators and selectives). There were three male and two 
female participants, ages ranging from 24 to 54 years with an average of 35 years. They had 
no prior experience with or knowledge about the wireless music adapter whatsoever. 
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Apparatus 
A wireless netwerk was previously installed and secured with a WPA pass word5

. A three year 
old personal computer was connected to the netwerk, had a firewall installed (Zonealarm), 
and contained at least 150 MP3 files without DRM protection. Two audio systems were 
available: one in the same room (used by three participants, who have their computer in the 
living room at home), and one in the next room (used by two participants, who have their 
computer in the study at home). 

Procedure 
Participants were invited into my home one at a time, and received an introduetion to the 
research and the think aloud protocol. They were told that the purpose of the wireless music 
adapter was to listen to Internet radio, as well as music from the own computer through the 
home stereo, via a wireless netwerk. 

I then gave them the product in the original box and told them to pretend they had just bought 
it. They were asked to conneet and install it (including the Philips Media Manager), and to 
playback a self-chosen song. I gave them the necessary information on the wireless netwerk 
(name and pass word), and location of the music (on the computer) when they asked for it. 
The time it took them from opening the box to playing a song was measured. 

Participants then had to perferm the following tasks: play the song "Marry you" by B.B. King 
and Eric Clapton, play a song with "phone booth" in the title, play the album Chronicle, and 
listen to an Internet Radio station. Next, participants could spend as much time as desired on 
using the productintheir own way. 

Finally, participants were interviewed about their overall opm10n on the product, its 
functionalities, the information and icons on the display, and the remote controL This 
included their expectations and whether the product lived up to them. Participants were asked 
to clarify any unclear remarks made during the observation. 

Everything the participants did and said was notated during the observation, including my 
interpretations of their actions. Participants were prompted to verbalize their thoughts, 
emotions, and opinions if they had not said anything for a few minutes. 

Results- Unpacking the box 
From the moment they received the box, it took participants between 20 and 40 minutes to 
have the wireless music adapter playing a song. This variatien in time is caused by differences 
in knowledge about wireless networks, whether the audio system was located in the same 
room, and whether the participants used the quick start guide from the start. 

The main problems with unpacking the box concern the information the user is given, or the 
absence of it. Too much information is given by putting a quick start guide for each European 
language in the box. "That is a waste of paper," as one participant put it. On the other hand, 
there is no information on the CD, telling the participants what they can use it for. The remote 
control, batteries and audio cable are located under a card board flap, which does not contain 
any text. The box containing the net adapter does have text on it, but the text is not visible 
when opening the box. Another problem is the tie wrap on the net adapter wires; participants 

5 There are two types of security for wireless networks: WEP and WP A. WPA is more recent and offers better 
proteetion of the network. 
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needed scissors to remove them. One participant stated: "I do not expect to need scissors or 
any tools to unpack or install a product like this: this is not an IKEA product." 

Results- Installation Philips Media Manager 
When instaHing the Philips Media Manager on the computer, participants received a firewall 
message. Those who had not installed the firewall software at home, did not feel confident to 
act without further information: "I know this is important and has to do with hackers and 
spamand stuff like that, but I do not know what to do. I'm afraid I may mess sarnething up 
here." They tumed to the quick start guide for help, but neither the quick start guide nor the 
manual contains information on this subject. Finally, they had to ask me for actvice and 
received the necessary information. When indicating the Philips Media Manager should start 
up after installation, participants did not see the software on the screen. They did see the start
up screen of the installation CD, which had not disappeared during installation, causing more 
confusion: "Now where did the program go?" The first time Philips Media Manger was run, 
participants had to indicate the location of the music on the computer. Several participants did 
not understand the actions required and ended up without any music in the Watch folders. 
Those who did fill the Watch folders thought it took a long time to add the files to the 
software library. 

Results- Installation wireless music adapter 
Participants experienced no problems with connecting the adapter: "Even though the holes do 
look like each other, there is only one way the cables will go in." One participant did mention 
that plugging the cables into the audio system at her house would be more of a hassle, 
consictering the limited space and chaos of cables behind her system. 

Participants' knowledge of and experience with wireless networks influenced the fluency with 
which the wireless music adapter was connected to the wireless network. Those with less 
knowledge and experience questioned whether the pass word is capita} sensitive, and whether 
DHCP is automatic or statie. Some inconsistencies on the screen also existed. At one point, 
the screen text said "Edit WPA code", leading to the following statement: "Oh, good, I can 
change the code here." The final screen stated the answering possibilities Yes or No, without 
having a Yes or No button on the remote. 

Results- Wireless music adapter- Design 
Participants had some remarks conceming the design of the wireless music adapter. They 
thought the plastic feit vulnerable and the adapter could easily fall over. Participants stated 
that the holes for the cables were not located well on the side of the adapter: "lf the cable gets 
tumed around it will unplug itself." Another participant stated: "lt is more difficult to hide the 
cables when they are plugged in the side." Because there were no buttons on the adapter 
itself: "Y ou would have to u se the remote standing right in front of it, so you can read the 
display. Looks a bit silly, doesn't it?" 

Results - Wireless mus ie adapter- Display 
The display raised more and larger issues with the participants. The display size and the letter 
size were both considered too small. "I cannot read the display from the couch," stated one 
participant. Another said: "The display cannot show the basic song information; it just does 
not fit on the screen." At several moments the display was showing incorrect or inconsistent 
information: "I am now navigating through radio stations, but the display is still showing the 
repeat and shuffle icons. Is it possible to repeat or shuffle radio stations?" "Now it is showing 
the elapsed song time, but some moment ago it was showing the elapsed and total time," said 
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another participant. At other moments, participants thought the display showed too much 
information: "I do not need to see the buffer or signal strength information on the display all 
the time. I expect it to work and if there are problems I would go to the settings menu." 
Participants also indicated they sametimes would like to see more information, e.g. on what 
the adapter is doing, possible user actions, or where a song is playing from (computer, 
favourites, or Internet). Several participants also found the icons on the display unclear. 
Participants indicated they would like to personalize the display: "I would like to choose a 
colour and contrast for the display that suits the rest of my interior." Participants would also 
like to change the type of information on the display, e.g. whether to show date/time. 

Results- Wireless music adapter- Navigation and usage 
Navigating through the music collections and radio stations, and usmg the adapter 
functionalities raised even more problems with the participants. They experienced long 
response times from the adapter: "lt took for ever to start up, and now it takes a lot of time 
before I see my "jump to" results. Should I restart it? That usually works with my computer." 
Another participant said: "There are many songs in this folder, and it takes a long time before 
I have seen them all because the scrolling button only goes down one at a time. Is there a page 
up/down button somewhere?" The menu structure was not experienced as helpful when 
navigating. It contained two favourite folders ( one under PMM, one under Home), leading to 
confusion: "I have just marked this song as a favourite, now where is it stored?" When a 
folder contained only one subfolder (and no separate songs), participants still had to open that 
folder separately. This lead to responses like: "This is a lot of extra work, especially if you 
have many of these 'folder only contains one subfolder' in a row. Why can it not 
automatically open that one subfolder?" Participants would often go one folder back up in the 
menu structure during navigation. They would then be back at the top of the list again, leading 
to responses like: "Oh no, now I am back at the top of the list again. The folder contains 
twenty some items and I do not remember exactly where I was. This just costs me a lot of 
time, especially with large music or radio station collections." "Is it possible to adjust this in 
the settings menu somewhere?" asked another participant. Some participants missed folders 
that would contain songs with an unknown artist or album: "lt does exist within the Genre 
folder. It regularly happens that I do not know the artist (yet) or the album title has not been 
filled in." It was unclear to participants how to get out of the information or settings menu: 
"Do I have to press the samebutton again? Or just use the back button?" 

Participants also expected to be able to use the preset and (un)mark functionalities for all 
items in the adapter, including folders and radio stations: "This would help navigation a lot, 
because then I would not have to remember the exact location of that one radio station with 
good blues music." The use of both "favourite" and "(un)mark" for the same functionality 
lead to some confusion amongst participants as well. Participants viewed the preset 
functionality as either scary ("Will I change the settings back to the default factory settings?") 
Of as similar to rresetting numbers on their phone. The jump to function was expected to be a 
full text search. Participants were therefore disappointed when they could not find the song 
with "phone booth" in the title: "I do not always know the full name of a song, or the exact 
way the artist name is spelled." Another participant also mentioned that "Even if you know 
the name of a song, it is still possible for the metadata to be wrong. Then you still cannot find 

6 Say you have a large music collection, including songs by The Beatles. The metadata for some of those songs 
may say the artist is "Beatles" and for other songs it may say "The Beatles". Using the jump to functionality for 
"Beatles", you would be directed to the first song in that collection with an artist name that begins with 
"Beatles". Using full text search for "Beatles" you would see only those songs from your collection with 
"Beatles" somewhere in the artist name, e.g. "Beatles" or "The Beatles" as an artist name. 
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what you are looking for." Some participants discovered that the shuffle function cannot be 
overruled: "I may have shuffle turned on, but right now I would like to hear this song from 
Tina Turner. I should be able to select this song, listen to it, and then shuffle can continue 
when the song has ended. Now it just plays a completely different song when I select Tina." 
Others also missed a fast backward function: "Sometimes you are wondering what an artist is 
singing exactly. I do nothave the lyrics of all my MP3's, or may nothave the CD at hand. 
Then I would like to go backward in the song to replay that certain part." 

Participants indicated they did not know any of the available radio stations: "Where are the 
Dutch radio stations? I would expect them, since I am using the Dutch interface on the 
adapter, and indicated I live in the Netherlands on the website." Another participant stated: 
"These radio station narnes do not indicate what kind of music these stations play." Some 
radio stations were grouped in genres, but this lead to another problem: "I do not know what 
half of these genres mean. Have you ever heard of Christian Contemporary, or Americana? 
Narnes like Oldies do not say much either; it just depends on what you call old. Is there a 
database somewhere with an overview of all radio stations and the music they play?" Several 
participants said they would like to see information from the adapter on the Philips Media 
Manager: "Sometimes you hear a song and you forgot the artist or song name. lf both my 
computer and the adapter are in the same room, I do not want to get up and walk to the 
adapter to see the artist or song name. I want to be able to see this information from my 
computer, so I can send the info to a friend or look the artist up on the Internet." Another 
participant stated something similar and added: "I would like to be able to tell the adapter 
what to play from my computer, without having to get up." 

Results - Remote 
Some participants stated that the text on the remote control is quite small: "I am going to need 
my reading glasses here." lt also has small buttons that are located closely together, leading to 
some participants pressing multiple buttons at once in the beginning of the observation. 

Results- Philips Media Manager 
The Philips Media Manager led to a few problems. Participants thought that loading the Club 
Philips website within the Philips Media Manger took a lot of time. They were also confused 
when removing folders from the Watch folder: "Are they now removed from the computer as 
well? The program does not say anything about that." The help function had several problems 
of its own according to participants. When one of them accessed it for the first time, he said: 
"Help, I am going to need help to understand this help function." He later pointed out this was 
due to the structure and layout of the help function. The help function also did not look like 
the quick start guide or manual from the adapter: "Is this software from the same company? lt 
is organized completely different and looks different as well. lt makes it harder for me to find 
anything." Another participant stated: "The help function does not contain any information 
about the adapter. lf you get software with a product, the software should contain some info 
on the product. Besides, I now need the manual and Philips Media Manager help at the same 
time. How do I know where tolook for which information?" 

Results- Club Philips & registration 
All participants experienced problems with registering the product and using the Club Philips 
website. When accessing Internet radio through the adapter for the first time, participants 
were asked to enter their email address. This made participants wonder: "Why do I have to 
enter my email address? I just want to listen to Internet radio." After entering their email 
address, they did not receive feedback. "So, what should I do now?" asked one participant. 
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The registration email they received was in English, although some participants were using 
the Dutch language on the adapter's user interface. Participants had to register separately to 
access some radio station collections; leading to more confusion: "Didn't I already register 
myself for Internet radio?" The Club Philips website is oot what some participants expected: 
"It looks more like commercial information. Am I on the correct website?" Other participants 
could oot find any product information on the site. One of the radio stations was enabled on 
the Club Philips site, but was oot shown on the wireless music adapter. "Why arn I oot 
allowed to listen to it?" asked one participant. 

Results- Quick start guide & Manual 
There was a large overlap in problems the participants experienced with the quick start guide 
and those experienced with the manual. One of the main problems concemed missing 
information about how the product works from a teehoical point of view, what other products 
are in its environment, and how they support the adapter in functioning correctly. When one 
of the participants could oot find a eertaio artist on the display, he wondered: "Where does the 
information on the screen co me from? The file name on the computer states the artist name 
and song title correctly, but evidently the adapter does oot use this information, else I would 
have found it." Another participant experienced problems with registering with Club Philips 
for Internet radio access. After having been through the adapter's quick start guide, the 
adapter's manual, and the help function of Philips Media Manager, she stated: "I do oot want 
to spend an hour going through all these different help documents, or spend so much time on 
Google, figuring out how this works. I expect this information in the quick start guide. Why 
do I need to register anyway?" Participants also found the screenshots in both documents 
unreadable. Some participants had problems finding the manual: "I do oot expect a manual on 
something called Installation CD". Reading and navigating through the 40-page manual was 
experienced as laborious. One participant mentioned that actding hyperlinks to the document 
would make reading it a lot easier. Some participants would like to have the manual on paper: 
"At home, my computer is upstairs and the audio system downstairs. I do oot want to keep 
running up and down the stairs all the time." 

Results- Overall view 
When asked about their overall view on the wireless music adapter, participants stated they 
found it easy to install and use. When confronting them with the contractietion between their 
positive opinion and the number of problems found, all participants indicated that they 
experienced many problems as "bugs": "Every product you buy has some bugs; it never 
works perfectly. You get used to it after using the product for a while." Another participant 
said: "Maybe that is just part of these kinds of products. You get yourself a new tech toy, and 
you know you will be occupied for some hours trying to get it to work." "It may take some 
time to figure out how to use it, but once you have done that it is no big deal. Besides, maybe 
I would have encountered fewer problems if I would have read the manual first," stated 
another participant. Participants did indicate that they would rather spend time on exploring 
nice and new functionalities, than on instaHing the adapter: "If the basics of a product make 
sense, I would enjoy exploring the functionalities more." 

Conclusions 
During the user evaluation of the wireless music adapter, a total of 187 problems were found 
(see figure 5). Almost a third of these problems occurred during navigation and usage of the 
adapter: the current menu structure did oot support easy navigation through the music 
collections, and the functionalities did oot support full enjoyment of the music. Nearly fifteen 
percent of the problems concemed the display: participants considered it too small in size to 
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be readable from a distance, and would like to personalize it. Many comments were related to 
the (lack of, or incorrect) information and feedback given by the adapter, and its quick start 
guide and manual. This included information on the environment of the adapter (i.e. wireless 
network, Philips Media Manager, Club Philips, and registration). 

Problems found with the wireless music adapter 

Unpacking the box 

lnstallation Philips Media Manager 

lnstallation wireless music adapter 

Wireless music adapter - Design 

Wireless music adapter- Display 

Wireless music adapter- Navigation & usage 

Remote 
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Quick Start Guide 

Manual 
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Figure 5. Overview of problems found with the wireless mustc adapter, usmg user 
observation. 

3.2 Market feedback 
Besides a user observation in a fixed setting, we may also learn sarnething from customers 
who have already bought a wireless music adapter and may use it in a different setting. For 
this purpose, the service desk calls will be analyzed. The adapter is also sold through 
business-ta-business programs. Feedback from these programs may also reveal information 
about how the adapter is evaluated by users. Finally, potential users of the wireless music 
adapter will look for product information in magazines, newspapers and on the Internet. 
Therefore, these will be reviewed as well. 

Service desk 
Between June 2005 and March 2006, 41 calls were made to the Philips service desk in Europe 
concerning the wireless music adapter.7 Half of these calls concerned problems with the 
wireless network. Some of these were due to entering the wrong pass word, or a firewall 
blocking the connection. In other cases, the router firmware needed to be downgraded to 
allow the adapter access to the network. In six cases the Philips Media Manager was not 
properly sharing music and needed to be reinstalled. Four users could not access Internet 
radio due to incomplete registrations. Seven had registered correctly, but regularly received 
the "server conneetion down" message whilst listening to Internet radio. Two users needed 

7 
The calls concerned both the current version and the old version. The release of the current version solved the 

'blue-screen-of-death' problem of the old version, and included WPA security and Internet radio playback 
functionalities. Since the two versions are almost similar, it can be expected that problems that occurred with the 
old version have also occurred with the current version. Therefore, the problems have been analyzed together. 

Calls irrelevant to this thesis (broken product, problems that have already been solved with the current version, 
or requests for sales information) have been excluded. 
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more information on the environment of the adapter to help them instaU the product. Finally, 
two users wanted to know how to add their personal radio stations. 

Business-ta-business feedback 
The wireless music adapter is also sold through several companies and Internet providers, e.g. 
Dutch KPN and Dixons. The Philips product manager for the adapter has received comments 
from their representatives about the product as well. Installation of the wireless music adapter 
was either experienced as difficult or absolutely great. Further questioning revealed that the 
representatives thought this was caused by lack of information about the installation in the 
quick start guide and manual. The representatives also mentioned that the design of the 
product could be better: the cables on the side are not aesthetically designed, and the display 
is too small to be readable from a distance. They also indicated that navigating through the 
menu and waiting for responsestook too much time. Representatives also requested a full text 
search insteadof the current jump to function. Finally, the companies would also like to offer 
their own services on the wireless music adapter platform. 

Reviews in magazines, newspapers and on the Internet 
I reviewed a number of articles about the wireless music adapter from different European 
magazines, newspapers and websites. These sourees focus on different types of readers, 
including potential users of the adapter. The German magazine Reinhören (Gongolsky, 2005) 
focuses on digital radio, while the Swedish Ljud & Bild (Hammerbäck, 2006) and Belgium 
FWD (Biesemans, 2006) magazines focus on a wider range of home entertainment and 
communication products. The Dutch Sp!ts (M, 2006) is a free, widely available newspaper. 
Both the Dutch Eynstein Computers (Eynstein Computers, 2006) and Webwereld (Verhagen, 
2006) are only available online. The farmer is a shop for computers, home entertainment, and 
accessories, and also supplies reviews about its products. The latter is a news site on 
information and communication technologies and regularly reviews new products. 

The articles were overall enthusiastic about the wireless music adapter. The instanation of the 
adapter was reviewed as quick and easy. Having the latest WPA security available was also 
reviewed as positive. The articles described the adapter design as small, but it did lack digital 
audio output and a rechargeable battery. The display was reviewed as nice, vivid, and 
readable from up close; but too small to be readable from a distance. The reviewers thought 
that navigating and using the adapter was easy, and was aided by the metadata on the display. 
The possibilities of using play lists, favourites and playback of DRM protected MP3's were 
reviewed as positive. Only with large music collections the reviewers found navigating more 
exhaustive, due to lack of serall buttons, unfriendly text entry and langer response times. 
Having Internet radio was viewed as very positive, especially because it could be used 
without a computer. Reviewers found the available radio stations and the possibility of actding 
stations positive as well. The Philips Media Manager software was experienced as easy to use. 
The quick start guide and manual were evaluated as positive; especially the trouble shooters 
were experienced as helpful. Overall, reviewers stated that the adapter allowed quick access to 
their music, provided good quality, and was easy to use. 

Conclusions 
Market feedback indicated that many problems were experienced with the environment of the 
adapter, e.g. instanation within the wireless network and registration. Reviewers and business 
representatives both mentioned the small size of the display; that made it unreadable from a 
distance. They also regularly mentioned the difficulty they experienced with navigating 
through large music collections. 
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3.3 Discussion 
Since market feedback is consistent with results from the user observations, the list with 187 
problems with the wireless music adapter from the user observations are still intact (see 
appendix 1). The main problems were related to navigating through large collections, the 
small display, the environment of the adapter, and the (Jack of) information given. Navigation, 
especially through a large collection, was not optimal due to the current menu structure. The 
functionalities also did not let participants fully enjoy using the music the way they had 
expected. The display was too small to be readable from a distance, and could not be 
personalized. It also regularly refrained from giving the user (correct) feedback. Problems 
with the environment included the wireless network and registration. Here the Jack of 
information was evident to the participants. 

Yet, many of these problems were experienced as "bugs" by the participants. Does this say 
anything about the urgency of the problems and how they may be solved? Remember the last 
time you bought a new mobile phone, or had to use someone else's? Did you read the entire 
manual first? Did you encounter a different menu structure, different functionalities, different 
buttons, and thus problems? Do you know why you probably called some of those problems 
"bugs"? Peter et al. ( 1999) stated that problems occur when there is a mismatch between your 
expectations and the way the product Jives up to them. During the observations I noticed that 
participants regularly referred to and made comparisons to other products. So it seems that 
expectations regarding a new product are built upon previous experiences with other products. 
Statements like "I have installed numerous things and they are all the same; I surely do not 
need a manual this time," support this line of thought. However, a new product that does not 
function or cannot be used in similar ways as many other products, could result in users 
experiencing more problems with it. When you get used to a new product and use certain 
functionalities often, some "gaps of dissimilarity" will probably disappear; others may remain 
for less used functionalities. 
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4 lmproving the wireless music adapter 

You now have an extensive list with problems that users have experienced with the wireless 
music adapter. Now how would you solve those problems? Let us imagine a simple problem: 
one of the cushions of your dining stairs has a large stain on it. You would try cleaning it with 
different detergents, but this only made the stain larger and thus made the problem worse. 
Now you would probably solve it by buying a new cushion. Has the problem been solved? 
Well, what if the colours of the other cushions have been affected by sun light over all those 
years? Then you have new problem. 

The adapter is a more complex product and interacts with a larger environment. Therefore, 
you need a more structured approach, based on a more detailed understanding of the crigins 
of the problems. Let us first remove those problems that have already been solved. Then you 
need to decide which problems to solve first, by selecting the ones that are most urgent and 
easiest to solve. Finally, you need to understand the "gaps of dissimilarity" that causes the 
remaining problems, so that you can bridge those gaps. This will result in a final list with 
problems with the wireless music adapter. 

4.1 Problems already solved 
During the product life cycle, Philips regularly improves her products. This can be achieved 
by expanding the product information on the Philips website, releasing new firmware or 
software, or even releasing a new product version. Several improvements have already been 
made on the wireless music adapter and its environment, whilst the user evaluations were 
executed. Let us look at these first, before removing the problems they solve from the lists. 

Philips has expanded the number of FAQ's on the product website. These mainly concern 
playback of DRM protected songs, and using a different music server than Philips Media 
Manager. The website now also explains that signing up for Internet radio can take some time 
due to email verification. In the first half of 2006 three firmware updates were released for the 
wireless music adapter to solve several problems. These included allowing texts that do not fit 
on the display to scroll, and consequent positioning of icons on the display. They also solved 
several translation mistakes and added more languages to the user interface. Philips has 
released a new version of the Philips Media Manager in April 2006, solving many of the 
problems found in the user evaluation with this software. This included removing irrelevant 
questions from the installation procedure and adding more languages. The software now also 
responds faster and gives clearer feedback when removing songs from the Watch folders. 

4.2 Which problems to solve first 
When you want to improve a product that is already on the market, you cannot solve all 
problems (at once) due to technicallimitations and available resources, e.g. time and money. 
Therefore, the product manager and I decided we would select those problems that are easiest 
to solve, and will have the largest impact on user friendliness; bridging the largest "gaps of 
dissimilarity". The product manager, the project manager, and I, scored the problems on 
urgency and solvability. The score for urgency ranged from zero (it is nota usability problem) 
to four (usability catastrophe). The solvability score ranged from zero (easy to solve) to four 
(difficult to solve). After the categorizations were averaged, the product manager and I 
selected the problems with an urgency score between 1.5 and 4, and a solvability score 
between 0 and 2, to be solved in the first round of improvements. We had a second look at the 
problems that were not selected and discussed the few inconsistencies in our categorizations. 

31 



A few problems of these were considered urgent enough for Philips to use extra resources in 
solving them, and were thus added to the selection. 

4.3 Understanding the "gaps of dissimilarity" 
Now that you have the final list with problems to be solved, you can start looking at the 
causes of the underl ying "gaps of dissimilarity". Nielsen (1994) stated that major usability 
problems are caused by vialating the usability guidelines (see table 1). Por instance, users 
found it probiernatie that they could not preset radio stations and albums. Y ou can probably 
preset radio stations in your home stereo, you car stereo, and maybe even your mobile phone. 
Therefore, you would expect to be able to do the same thing on the wireless music adapter if 
it has a preset function. Because this is not possible, the second guideline "match between 
system and the real world" is violated. The fourth guideline "consistency and standards" is 
also violated: if you can preset songs, you would expect to be able to do the same thing with 
albums. As you can see, one problem can be tagged with multiple guidelines. 

However, the guidelines do not tell you how to solve the problem; they just tell you about the 
underlying cause(s) of the "gaps of dissimilarity". They can give you hints though. Por 
instance, how would you solve the problem of the preset function? Would you make it 
available for radio stations and all types of folders as well (guidelines two and four)? Would 
you keep the function the way it is, but inform the users about this limitation on the screen or 
in the quick start guide (nine and ten)? Or would you put that information on the box? And 
what about removing the function all together (eight)? As always, there are different solutions 
possible for one problem, influenced by technicallimitations and available resources. 

Usability guidelines 

1 Visibility of system status 
2 Match between system and the real world 
3 User control and freedom 
4 Consistency and standards 
5 Error prevention 
6 Recognition rather than reeall 
7 Flexibility and efficiency of use 
8 Aesthetic and minimalist design 
9 Help users recognize, diagnose, and reeover from errors 
10 Help and documentation 
Table 1. Usability guidelines (Nielsen, 1994). A more detailed version can be found in 
appendix 2. 
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Usability guidelines applied to listsof problems 

0% 1 0% 20% 30% 40% 50% 60% 70% 80% 90% 1 00% 

Unpacking the box 1=~==::==--·iiijiii~ilij=::;=:J~• 
lnstallation Philips Media Manager (PMM) ··-~-·-·-··-IÇ:::::::J·-·· 

In stallation >Mreless music adapter -~:::r::~=::)··-····-·-·· 
Wireless mus ie adapter- Design ··-·- ·-·-····- ·-·· 
Wireless music adapter- Display ..... .. •::+=~::::::.··~ .. -·11:~~ 

Wireless music adapter- Navigation & usage ··-·-=~=~=-····-·-::)· 
Philips Media Manager (PMM) ··-·-·- ·-····-·-·· 

Club Philips & registration ...... ç=••••••clljl••• 
Quick Start Guide (QSG) ··[11·-·-·-··· .. ··-·· 

Manual ••-==--·-·-··-·-·-·· Total !!~~!!!!;~~;!!!!!l!!!!!l!!!!l!!!!l!!!!!;;!!!!!!!!!!! 

Figure 6. Usability guidelines applied to the list of problems from appendix 3. 
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To aid Philips in solving the list of problems with the wireless music adapter, I have tagged 
all problems with the usability guidelines (see figure 6 and appendix 3). As you can see, some 
guidelines have been used more for tagging than others; also varying per product aspect. 

Problems experienced during the installation phase (unpacking the box, and instaHing Philips 
Media Manager and the adapter) were often tagged with guidelines four, five, six, and ten. 
This means that many of those problems were caused by inconsistency and not using 
standards. This phase was not intuitive for users to go through, and did not prevent errors 
from being made. Users also did not receive enough help from the display and documentation. 

The design, display, and usage of the adapter lead to problems mainly caused by violating 
guidelines one, two, four, five, and six. Users did not receive enough feedback from the 
adapter on what it was doing, and there was also no error prevention. Many details of the user 
interface did not match with the real world, and were not consistent or following standards. 
Users also did not receive enough inforrnation on how to use the system, and had to 
remember many details of how to use the adapter. 

Many problems experienced with Philips Media Manager, Club Philips, and registration were 
related to guidelines two, six and ten. Again, a mismatch between the product aspects and the 
real world, combined with non-intuitive user interfaces led to problems. Help documentation 
did not exist for Club Philips and registration; the documentation for the Philips Media 
Manager did not aid users in using the products. 

Violation of guidelines two, five, six, and ten were causing many problems with the quick 
start guide and manual. The doeurneuts did not provide the necessary inforrnation to the users 
when they experienced problems with the other adapter aspects. The inforrnation they did 
provide was not easily retrievable, and not written in a language that matebed the real world. 
The document structures also did notprevent errors. 

Overall, guidelines two, five, six, and ten were violated by many problems. This means that 
the wireless music adapter and its environment did not match the users ' real world; they did 
not speak the same language and could not be used in the same way as many other products 
from the real world. Because they were not intuitive to use, they depended highly on the users 
to remember everything themselves. They were not designed to prevent errors from being 
made, and did not supply sufficient information or hints on the display. The help 
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documentation was not sufficient for users to aid them m using the adapter and its 
environment. 

4.4 Discussion 
By evaluating the adapter with user observations and market feedback, we have created list of 
problems with the wireless music adapter. Through removing problems already solved, and 
making a selection based on urgency and solvability, we now have the final list of problems 
with the wireless music adapter. Information about the underlying "gaps of dissimilarity" has 
been added, by tagging the problems with Nielsen's usability guidelines. 

We have seen that the main problems were related to navigating through large collections, the 
small display, and the environment of the adapter. These were mainly caused by non-intuitive, 
error prone user interfaces, and lack of information and feedback for the user. 

It is now up to the product manager and his team to take the list with problems and the 
usability guidelines, and to look into the different solutions that are possible for each problem. 
During my time at Philips, I have already started this process by working with the product 
manager on redesigning the quick start guide, using the information gathered in my thesis. It 
still needs to be re-evaluated, tagether with an improved wireless music adapter; the first 
feedback we have received is very positive. 

How long do you think it will take them to redesign the adapter? Will it be a couple of 
months, or years? What if it takes them years; do you think that in five years from now we 
will still use wireless networks? Or will we use a new communication technology that we do 
not know of today? Will you still have your music collection on your computer, or on your 
MP3 player? Or will it be stared somewhere on the Internet? And how will you use it? Will it 
be organized? Will it be linked to other media and data collections? Will you pay for it? Will 
you share it? 

What we do knowis what you will find important: intuitive and easy navigation through your 
music collection, on a display that gives you the necessary information. 
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Part 2- Future 

U ser interfaces for large mus ie collections 
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5 Theory on user interfaces 

During the last twenty years we have seen an increasing amount of digitalisation of our life. 
Just look at the last ten years while I have studied in Eindhoven. When I arrived in 1999, I 
had a mobile phone, while many other students were still wondering why you would need 
one. Only a year or so later, everyone had one. I was already using email for one year and 
Internet for another four, and was severely disappointed that my student house only had a 
diai-up connection. Remember how slowly that was? It would take ages to load a website. 
And you never knew whether your computer was still loading, or had already decided on 
crashing with the hated, but now occasionally loved in retro-style, "blue screen". The 
university had just started the notebook project two years earlier. My notebook had a 4 GB 
hard drive, 128MB RAM, and a 333 MHz processor. Mind you, that was the latest, newest, 
hottest thing at that time. My music collection consistedof CD's, CD-singles, and a couple of 
VHS tapes with clips from MTV. That year, I did discover the existence of MP3's and rapidly 
started collecting. Until I had reached the limit of my hard drive after 700 MB or so, and had 
toburn the musicon a CD. 

Fast forward to the year 2009: I do not have a fixed phone line any more, but I do have my 
fourth mobile phone that can also be used as a radio, MP3-player, video-player, digital 
camera, and Internet browser. At this moment I have about five email addresses and a glass 
fibre Internet conneetion at home. And I am severely disappointed if I cannot download 
sarnething with at least 1 MB/sec. The notebook project still exists; the new students will 
have 250 GB hard drive, 4 GB RAM, and a 2.8 GHz processor. Plus it has all these new 
gadgets like fingerprint security, integrated webcam, and even a small light on top of the 
screen. My only comfort is that it only weighs 300 grams less than my old notebook, and is 
still delivered with a 56K modem. And what about my music collection? Weil, I still have my 
CD's and CD-singles, but the VHS-tapes have been replaced by DVD's, and YouTube 
video' s on the Internet. I can collect about 100 GB of MP3's and video ' s on my computer 
before the hard drive if full, and have nearly forty CD's containing the rest of my digital 
music collection. 

Would you have predicted this vast amount of changes ten years ago? That you can now 
conneet to anyone, using basically anything, whilst being anywhere? Can you predict what 
your life will look like in ten years from now? And how technologies that only exist in a 
researcher's lab today will influence it? What will your music coneetion look like? Will you 
still have CD's, or will you have turned all of them into MP3's? How will you find your 
favourite songs back? In the old days you could just stack your thirty some CD's somewhere 
and you could always find sarnething back. Navigating through several gigabytes of music 
today is already difficult enough, especially if it is not organized, or has incorrect metadata. 
But what if your music collection has doubled in size and you can also conneet to the 
collections of your friends? Maybe you will not have a personal collection any more, but you 
will have unlimited access to a world wide database of music through the Internet. How 
should a user interface for such large music collections then work, so you can still find the 
music you want to listen to, within a reasonable amount of time? 

If you want to create a list with user requirements for future user interfaces for large music 
collections, you will need to abserve users to find out what they find important. One way to 
do this is to present users with different user interfaces, so they can use, evaluate, and 
campare them. Let us first gather information that can be used as a basis for this user 
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evaluation. First, I will review user interfaces of different types of existing music players. 
Because it always takes a couple of years for research to be implemented in products, I will 
also look at research on user interfaces that has already been publisbed to see what may exist 
in a year or three. Finally, I will organize a brainstorm session to receive feedback on the 
information gathered, and to get new ideas for future interfaces. This will result in a first 
impression of user requirements, with possible matching user interfaces. 

5.1 User interfaces trom current music players 
How did you store and navigate through your MP3 collection five years ago? Did you just use 
one folder, or a folder per artist, or genre? Which program did you use to play your songs? 
How do you do this today; has any of this changed? You may use a different program now, 
but is the user interface really different? And is the way you store and navigate through your 
MP3 's now any different from the way you stored and navigated through your CD's ten years 
ago? Or do you use a combination of old and new, depending on your preferences at that 
time? So even though new user interfaces have been created in the past ten years, some oldies 
are still around as well. Because some of these may still exist in ten years from now, it is 
worth having a look at the existing user interfaces. 

Old fashioned way 
Despite the large digitalization of music in the past ten years, many people still own CD's and 
cassette tapes, maybe even LP's. These can be organized in different ways, for instanee by 
artist, genre, or album. I also know people who have them randomly stacked on a pile, or 
spread throughout different rooms; I even know someone who has them organized by colour 
of the cover. To play some music, some people just walk up to their collection, piek out the 
desired CD, and play it. Others can spend many minutes in front of their collection: going 
through the CD covers with their fingers, sometimes taking one out to look at the song list on 
the back, maybe take out the hooklet and read it. Then they put the CD back and continue in 
the same way with the rest of the collection. The stereo instaBation for playback contains the 
basic set of operational buttons (e.g. volume, play, pause, previous, next), and sometimes 
shuffle and repeat. Some also offer a basic play list function: a program option where users 
can select the order in which a selection of songs is played. 

Computer based software 
With the digitalization of music came the first software programs for the computer that can 
playback MP3 's, e.g. Winamp (see figure 7), Windows Media Player, and iTunes. Besides the 
basic operational buttons they also offer a wide range of navigation and searching methods 
(e.g. full text search, song queue, and creating and using play lists). These programscan also 
be used to change the file narnes and metadata. Furthermore, some offer the possibility of 
ranking a song with 0 to 5 stars, thus allowing the software to play higher ranked songs more 
often when shuffle is used. Users can personalize the software by using different skins. They 
can also share their music preferences with their friends by linking the program to chat 
software like MSN. 
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Figure 7. Screenshot of computer based software Winamp media player, with a personalized 
skin. 

MP3 players 
MP3 players can be categorized into roughly three groups: basic players without display, 
basic players with display, and extended players with display. The most basic players without 
display, like the iPod Shuffle, have the basic set of operational buttons. There is no menu 
structure present; all songs are on one play list. 

One level up are the basic players with display, like Victory MP 631, with a similar basic set 
of operational buttons as the players mentioned above (see figure 8A). The display is usually 
small, containing two lines of information. One line is used for song information (artist, title, 
duration) and one for user feedback (volume, battery status, play/pause indicators). Some 
players offer the possibility to change the display colour or song type for different bass and 
treble settings (rock, jazz, etc.). Again, there is no menu structure, just one play list played in 
order. 

The top level contains players with a display, and extended navigation and playback 
possibilities, like Philips Go Gear Jukebox (see figure 8B), Creative Zen and iPod Classic. 
The display is larger; containing around ten text lines and is in colour. The latest players even 
have a display as large as the palm of a hand. Navigation can be done by using a scroll bar or 
circle, which allows faster scrolling. The menu structure is comparable to the wireless music 
adapter: foldersbasedon artist, album, genre, etc. Usually it is also possible to create and use 
play lists. The iPod also has Coverflow, which allows users to navigate based on album front 
covers (see figure 8C). 
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Figure 8. Different types of MP3 players and navigation methods. Panel A shows the Victory 
MP3 631 player with basic operational buttons; panel B the Philips GoGear Jukebox MP3 
player; and panel C shows Apple Coverflow. 

Wireless music players 
Wireless music players allow users to listen to their digital music collection throughout the 
house, by using a wireless network, e.g. Philips wireless music adapter, Roku Soundbridge, 
Netgear MP 101 and Squeezebox 3 (see figures 9A, 9B, and 9C). They all have a limited 
screen size (two to four lines) and use a remote to navigate. On the Squeezebox 3 it is 
possible to change the size of the screen text. Users can browse through the collection based 
on artist, song or album, or based on the structure of the music collection on the computer. 

Figure 9. Wireless music players; panel A shows the Roku Soundbridge, panel B Netgear MP 
101, and panel C shows the Squeezebox 3. 

All products have a delay in loading information of larger music collections from the 
computer when scrolling. The Netgear has a "page" button that allows users to scroll per 
page, in Netgear's case four lines. There is no continuous navigation through the music 
collection possible on the Roku Soundbridge. That is, when the end of the collection is 
reached; users have to go back up the list to go back to the first en try. 

A problem with the small sereens is that it is difficult to provide the user feedback, e.g. about 
whether the shuffle option is on. For the Netgear, this problem is solved by putting song 
information under the "home" button: press "home" once, the screen shows song information, 
press it twice and the products shows the "home screen". Other products briefly display a line 
with information on the screen, e.g. "shuffle is on". 

Online player software 
At this moment, several websites allow users to create a personal play list, such as Last.FM, 
Pandora, and Musicovery. Each of these is based on a different technique. Last.fm Iets users 
install software on their computer that registers the tags of their music collection. This 
information is then entered in a large Last.frn database. On the website, it creates a play list 
based on a users' favourite band and songs in the database with the sarne tag(s). This 
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functionality does depend on the subjectivity of the users: one user can tag Metallica as heavy 
metal, while another one will tag it as hard rock. Pandora also has a large database but this 
one is based on finding similar songs based on musical aspects like rhythm, timbre and 
instruments. Users canthen fine-tune the play list by approving or disapproving each song. 

Finally, Musicovery asks users to indicate the preferred mood of the play list, using a grid 
indicating a calmor moreenergetic tempo, and a darkor more positive atmosphere (see figure 
10). Besides the grid, users can also indicate preferred music genres and years of origin. 
When registered, users get the additional possibility to tag a song as favourite (or not) and can 
make an extra selection of preferring to hear only hits, favourite artists, sirnilar artists, or more 
unfamiliar artists. 

l pienie » LoF i » Get the HiFi quality 
• My favorites (9 Songs played 

songs 

Mo_od 

Dark 

Calm 

Figure 10. Screenshot of the online player software Musicovery. 

Conclusions 
There are three types of user interfaces of existing music players. First, there is the old 
fashioned way of physically having and seeing CD's. Apple's Coverflow tries to approach 
this method for the digital collection, but only allows users to view the front covers. 

Second, a number of interfaces are based on how the digital collection is stored on the 
computer, and the metadata attached to it. The menu structures contain folders per artist, 
album, and genre. Operation buttons and functionalities are the same throughout the players 
as well. They show limited information on the display, although these displays can be 
personalized. 

Finally, the online music players allow users to create a play list based on music similarity of 
mood, year, sound, tempo, and genre. They give more information visually, also by using 
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covers and more colours on the display. Even though the online players have been on the 
market forsome years now, I have not encountered a physical product with their type of play 
list creation yet. 

5.2 Research on user interfaces 
It takes a few years for research on user interfaces to be implemented in products. Therefore, 
if we look at research on user interfaces that has already been published, we may get an idea 
of what to expect in the years to come. Looking at the current literature, many subjects 
conceming (parts of) user interfaces for large collections have been researched. Most research 
focused on users that have music as an object of study, like musicologists and musicians. This 
meant that they were mainly concemed with finding music based on pitch (or note), and 
rhythm. This resulted amongst others in several algorithms to allow a computer to recognize a 
whistled or hummed tune (see, Lu, You & Zhang, 2001; Ghias, Logan, Chamberlain & Smith, 
1995). 

Some research has been done into creating user interfaces for our intended home user. Knees, 
Schedl, Pohle and Widmer (2006) have created a landscape, varying in height, allowing the 
user to walk through the music collection. Similar pieces, based on rhythm aspects, are 
located close together; a eertaio place in the landscape becomes higher when more similar 
pieces are very close together. Metadata and/or audio thumbnails show the user which music 
is at a specific location (see figure 11). Pampalk, Dixon and Widmer (2004) created a similar 
landscape using islands in stead of height differences. Here users can base the similarity on 
rhythm or timbre (tone colour), and the songs are indicated by metadata (see figure 12). Cano, 
Koppenberger and W ack (2005) created a user interface with which users can create a play 
list by selecting a eertaio song and then indicating on which musical aspects the play list has 
to be similar to that song. The user is offered a wide range of musical aspects, but not every 
user will fully understand them (what, e.g. is meant with "Meter" or "Tonal Descriptor: 
Strength") (see figure 13). Pampalk and Goto (2006) created a user interface with which 
artists are arranged around a circle, based on their similarity on a wide range of musical 
aspects. Users can use a tuming knob to first select a high-level genre, like jazz or rap. They 
then see the artists within that genre and the labels attached tothem (e.g. "beats" or "guitar"), 
and can use the knob toselect the desired artist, and subsequently the desired song (see figure 
14). 

Figure 11 . Screenshot of user interface by Knees et al. (2006). 
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Figure 12. Screenshot of user interface by Pampalk et al. (2004). 
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Figure 13. Screenshot of user interface by Cano et al. (2005). 
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Figure 14. Screenshot of user interface by Pampalk and Goto (2006). 

Looking at the research described above, it is clear that they were designed from a technica! 
point of view: from what is possible with technology and algorithms. None of the interfaces 
has been evaluated with users. They also do not compare their own interface with another 
one. One notabie exception are Vignoli (2004) and Vignoli and Pauws (2005). They have 
created a user interface from the users' point of view and have evaluated it with users as well. 

According to Vignoli (2004), aspects of users' behaviour, like preferences and mood, should 
be taken into account tagether with different types of musical aspects when looking for a 
meaningful user interface. He interviewed several users on, amongst others, their personal 
digital music collection, their method of searching, navigation and browsing and which 
aspects they find important while doing so. After a review of existing music player software, 
he used a questionnaire to get more relevant detailed information on users' desires conceming 
the user interface. From the gathered data Vignoli created a list of user requirements (see table 
2), and used this list to create a user interface. 

List of user requirements for interaction 

1 Present the music coneetion in the structure of artist-album-song. 
2 Genre can be an option. 

3 
Provide the opportunity to select music according to informal parameters like mood, 
tempo and year. 

4 Provide the opportunity to select songs similar to the already selected song or artist. 
5 Provide functionalities based on statistica! data about the usage of the collection. 

6 
Provide access to additional music information like song lyrics, album covers and 
artist' s discography. 

7 Provide easy and effective ways of creating play lists. 
Table 2. List of user requirements for interaction (Vignoli, 2004). 

Vignoli and Pauws (2005) developed this interface further by providing algorithms for 
determining song similarity for five adapters: sound (timbre), tempo, mood, genre, and year. 
This resulted in the E-Mu Jukebox, with which users can create a play listbasedon similarity. 
They do this by selecting a number of songs, or artists, and then adjusting the weight of the 
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individual adapters by moving them closer to the bull's eye (higher weight) or further away 
(lower weight) (see figure 15). For instance, if you would like to hear songs very similar in 
sound to the song "Flying blind", you would first select the song. Then you would move the 
adapter "sound" to the centre of the buil's eye. Y ou would then see the play list on the left 
appearing. lf you would also like the songs to be a bit similar in tempo to the selected song, 
you would move the adapter "tempo" a centimetre or two away from the buil's eye. As you 
move the adapters, you would see the changes in the play list. This interface was tested with 
users by showing them three versions of the software: the full version with all adapters 
available, one with on1y the sound similarity and one with a fixed combination of the 
adapters. Users preferred the full version of the interface. 

Figure 15. Screenshot of E-Mu Jukebox user interface (Vignoli and Pauws, 2005). 

Conclusions 
Although much research bas been performed on (parts of) user interfaces for large music 
collections, only the E-Mu Jukebox interface by Vignoli and Pauws (2005) bas been designed 
from a users ' point of view. Users can use the interface to create a play list based on music 
similarity of mood, year, sound, tempo, and genre. The interface bas been tested with users 
and was evaluated positively; but bas only been compared to a basic version of itself with less 
similarity options. 

5.3 Brainstorm session 
We have now gathered information about existing and researched user interfaces, but we still 
do not know the users ' point of perspective. Therefore, I will organize a brainstorm session to 
gather feedback on this information, and also to get new ideas for future user interfaces. 
During this session I will also get a first impression of user requirernents. 

Methad 
Participants were presented with the information gathered on user interfaces for rnusic 
collections, and discussed their own desires for such a user interface. Next, they drew their 
own idea for a user interface for large rnusic collections. These were then discussed and 
ranked. 
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Participants 
The brainstorm session was held with six Philips employees, from different departments. 
There were three male and three female participants, aged 25 to 52 years (average 35.2 years). 

Procedure 
After an introduetion round, participants received a general introduetion to the current state of 
technology regarding digital music, several music players that are currently on the market, 
and user interfaces for large music collections that have been researched recently. After a 
short discussion on the organization of life in general to warm up, the topic was narrowed 
down to the current usage of music: different listening situations, situation at home, etc. 

The second discussion was about the following situation: "It is the year 20 10; you are sitting 
in the living room and want to listen to music. Your computer contains a coneetion of some 
50.000 songs, but it is located on the other side of your house. Luckily, you have bought a 
nice Philips product that is connected to the stereo in the living room. How would you like to 
navigate through your music files, and find the songs you want to listen to ?" 

Participants discussed their desires for giving information to and receiving information from 
the product, location of the product in the house, new features and desires related to the use of 
the product, and listening to music in generaL The main themes from this discussion were 
summarized, after which participants were asked to draw their own idea for a future user 
interface, using paper and coloured pens. These drawings were then presented to the group, 
after which each participant ranked their three favourite drawings. The three drawings with 
the highest rankings were then discussed, where the participants indicated why they had 
selected those drawings. 

The brainstorm session was guided by a moderator. Furthermore, two minute makers were 
present, and all conversations were recorded on tape. 

Results- General preferences 
There are some general requirements to begin with: of course the products have to be easy to 
use, have a fast response, and provide feedback. They should always work, and synchronize 
with take-away storage, like MP3 players and mobile phones. 

Currently, music is usually used as background while undertaking other activities. Music 
preferences also change according to the situation: radio is on in the morning and at work 
because "Then I do not have to think too much about it," to get news updates and listen to 
new music. The own music colleetien is on in the car and at home, allowing the user to 
"Relax and possibly even sing along." When there are visitors, special attention is paid to the 
music you put on. Listening to music can be done very well while doing sernething else, as 
opposed to watching television which is usually turned on for specific shows. Different 
activities require different music, e.g. "I definitely need up tempo music when I am cleaning 
the house". A certain mood can require different types of music, e.g. "When I am active I 
sometimes need active music, but at other times it needs to be calming." Radio, friends, 
family, television and Internet can lead the user to new music. 

There are two key terms concerning interaction with music collections when looking into the 
future: (1) large collections of media files and metadata should be linked together: "I want to 
have access to everything, without too much trouble," and (2) it is a very personal experience: 
"Music and other media represent who I am, what I like, and how I feel." 
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To satisfy the first key term, there should be only one server in the house or on the Internet 
containing all the user's personal media files (music, video and pictures) and only one product 
should be necessary to access these files. There should be multiple access points or sereens in 
the house. lt should also have access to information related to the media files, e.g. metadata 
and music background information like "What is that one-hit-wonder artist doing now?" It 
should be easy to find something, by having the collections organized, and by using 
functionalities like full text search: "I want to find a song without having to think too much 
about it. lf I only know part of the song title, it should be enough for the product to find it." 

Second, to allow the personal experience the products should "Recognize who I am, and what 
my preferences are." Products should also allow users to interact and share music with friends 
and family as wellas create links between the users' music collection, memories, other media 
(pictures and video), and other music collections, as well as within the users' music 
collection. Users should have flexibility in usage depending on personal preferences and 
mood: sometimes "I want to be able toturn the product on, just push play, and be surprised by 
the play list," and other times "I want to spend some time browsing my large collection, and 
see what I encounter." The digital music collection should also be tangible; users want to 
recognize their music, and feel connected to their large collections: "My music collection is 
part of my identity, it contains memories. I love having my CD's in the room, even if it is just 
to occasionally glimpse at; I have to know it is there. I cannot do this with my MP3's; they 
feel cold and detached in a way." 

Results- User intelfaces 
After each participant drew their own idea for a future user interface, the drawings were 
presented to the group. They were then ranked, and the three drawings with the highest 
rankings were discussed so that participants could indicate why they had selected those 
drawings. 

The first drawing chosen as a favourite was a collection of large virtual CD shelves of about 
one by one meter. lt could be a touch screen, or, even better, could recognize some basic 
gestures (arm movements and pointing with hands) for user input. The top shelves showed the 
collection as it can look on your own shelves today: the si des of the albums, organized just the 
way you like it. When selecting an album you could view the front and back and drag it down 
to the lower shelves that visualize your play list. Reasons for selecting this concept were: 
tangibility, easy, fast, recognizable, feedback, and extendable. 

The second favourite drawing was a stand alone product with integrated speakers. lt had the 
option to play your physical CD's by using a barcode reader to scan the CD (the product is 
connected toa large database containing your CD's as MP3's), and to use the E-Mu Jukebox 
to create a play list based on similarity. Reasons for selecting this concept were: tangibility, 
combination of physical and digital, integration of barcode scanner, E-Mu Jukebox, and touch 
screen. 

The third drawing chosen consisted of a MP3 player or mobile phone doek, which would 
conneet to the home wireless network, and synchronize the player or phone with your home 
computers and audio systems. Selecting music could be done by humming a tune, or selecting 
a predefined profile, like party or diner. Reasons for selecting this concept were: 
synchronization, and automatic. Some participants liked the humming possibility, whilst 
others did not: "I am tired when I get home from work; I do not feellike humming then." 
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Conclusions 
From both the discussions and the chosen drawings, it has become clear that participants 
wanted easy access to everything. Therefore, large collections of media files and metadata 
should be linked together in the future. Participants also had a strong desire for a personal 
experience with their music. Music should be tangible, which is why they liked old fashioned 
CD shelves. Participants wanted to organize and use their collection in different ways, 
depending on the situation and their mood. Here, the E-Mu Jukebox could fulfil their needs. 

5.4 Discussion 
As music collections will continue to grow, and will be extended with other media types and 
metadata, users will desire structure in the organization of their music collection. They also 
want flexibility in using the collection depending on situation and mood. Music should be 
easy to find, without knowing the full details of the metadata. Y et it seems that even when 
everything becomes digital, users still have a strong, or maybe even stronger, desire for a 
personal experience and a tangible music collection. 

We have seen that music players support these desires only partially. The old fashioned CD's 
are tangible, and relate to a personal experience. Computer based software like Winamp 
allows users to make play lists, by manually selecting songs, and using functionalities like full 
text search. Other programs allow users to create play lists based on music similarity of mood, 
year, sound, tempo, and genre, like Musicovery and E-Mu Jukebox. 
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6 Creation and evaluation of prototype user interfaces 

Now you have a first impression of user requirements for user interfaces for large music 
collections. Y ou have also seen a number of software programs, which partially support these 
requirements. How can you turn this information into a list with user requirements? This is 
where you have to involve users again: you will need to observe them, to find out what they 
find important regarding user interfaces for large music collections. To my knowledge, no 
research has been performed so far where different user interfaces were compared to each 
other. Therefore, I will use the information gathered so far, to create three prototype user 
interfaces. In a user observation, users will use and evaluate each interface, and compare them 
to each other. This will result in a list with user requirements for user interfaces for large 
music collections. 

6.1 Creation of prototype user interfaces 
From the information gathered so far, we have seen that existing user interfaces offer one of 
these three navigation methods: old fashioned (CD's), computer structure based (Winamp), or 
similarity based (Musicovery and E-Mu Jukebox). During the brainstorm session we have 
also discovered that each of these methods is valued by users: CD's are tangible, computer 
structure based is flexible, and similarity based is personal. Because the users' music will be 
connected to other media and metadata collections, users would like to use the extra 
possibilities these connections can provide. For instance, sharing music with others, receiving 
extra information about the current song and/or artist (e.g. lyrics, biography), and receiving 
information about similar music or artists. 

Therefore, I decided to create three prototype user interfaces, based on the three navigation 
methods found: CDShelf, PlayList and EMu. Extra options were added, containing 
functionalities related to the connections with other media and metadata. The prototype 
interfaces were created as a basic functioning Flash program, without audio. 

The first prototype, CDShelf, used the old fashioned navigation method. The first screen 
showed a CD shelve with a number of CD's, viewed from the side (see figure 16A). When a 
CD was selected, users would see the front cover and the track list (see figure 16B). Users 
could then select one of the songs to play it (see figure 16C). They could also decide to play 
the CD in order (following the track list), or in shuffle (randomizing the track list). The 
display would show a brief line with information when one of these options was selected (see 
figure 16 D). 

The second prototype, PlayList, had the navigation method based on the computer structure. 
The first screen allowed users to select a previously created play list on the computer, or to 
navigate through their collection by artist, album, or song (see figure 17 A). When a play list 
was selected, it started playing one of its songs (see figure 17B). lf the users wanted to 
navigate by song, the display would show a text entry field for the full text search function. 
The results of the search function appeared in the field below, while the user was typing (see 
figure 17C). Users could also mix the selected music; the display would then show a brief line 
with information (see figure 17D). 
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songs is selected, and panel D shows the information users receive when playing an album in 
order. 
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Figure 17. Screenshots of prototype PlayList; panel A depiets the first screen, and panel B 
shows the display when one of the play lists is selected. 
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Figure 17 ( continued). Screenshots of prototype PlayList; panel C depiets the full text search 
function , and panel D shows the information users receive when mixing their music. 
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Figure 18. Screenshots of prototype EMu; panel A depiets the first screen, panel B shows the 
display when a selection of two artists are played, panel C depiets the sirnilarity based 
function, and panel D shows the display when the similarity based mix is played. 

The third prototype, EMu, was adapted from the E-Mu Jukebox designed by Vignoli and 
Pauws (2005), and allowed users to navigate based on similarity. The first screen allowed 
users to select genres, artist, albums, or songs (see figure 18A). When the selection was 
played, users would see the play list they had created and the song currently being played (see 
figure 18B). When the selection was mixed, the bull 's eye and the adapters mood, sound, 
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year, and genre would be displayed. A short explanation would also be shown (see figure 
18C). lf the adapters were replaced, the display would show the play list they had created and 
the song currently being played (see figure 18D). 

The prototypes also contained several extra options. When users selected Extra Options on the 
main display of the prototypes, they had the possibility to receive lyrics/sheet music, artist 
information, and concert information. They could also subscribe to a newsletter (see figure 
19A). When the option Get Lyrics/Sheet Music was selected, users could select the 
instrument(s) for which to receive sheet music (see figure 19B). Users could also select Share 
in the main display, allowing them to share the music with their friends and family. They 
could also add other media files and comments (see figure 19C). The display would show a 
line with information when sending the email to share the music (see figure 19D). To prevent 
the extra options from influencing the evaluation of one specific prototype, the extra options 
were added to more than one prototype. Therefore, there was an amount of overlap in the 
possible tasks users could perform with each prototype (see table 3). Finally, all prototypes 
would also show buffer and signal information. This was added to see if users would 
recogmze it, and to include this when discussing the information that should be on the 
display. 

Lyncs 

Plano 

Gu~anabs 

Guitar Chords 
Get Co'1Cl'l1 lnivrrnodtic·ll 

Base 

Drums 
Cmce 

Ge: Sd~<-t iOfl Cmu:!l 

With Whowould You ûke toshare Tlis With7 

Attach Other Fies 

Figure 19. Screenshots of extra options; panel A depiets the display when Extra Options is 
selected on the main display of the prototypes, panel B shows the display when the option Get 
Lyrics/Sheet Music is selected, panel C depiets the display when Share is selectedon the main 
display of the prototypes, and panel D shows the information users receive when sending the 
email to share. 
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Task CDShelf 

Play an album in order 
Play an album in shuffle 
Play a selected play list (previously made by user) 
Navigate by artist-album-song 
Navigate by genre 
Find music by full text search 
Look at CD covers 
Mix the current song/album with the rest of the colleetien 
(based on a fixed algorithm) 
Mix a the selected genre/artist/alburnlsong with the rest of 
the colleetien (based on user defined mood, year, sound, 
genre) 
Get information about similar music for the current song 
and/or artist 
Share music and adding cernment and attach other media 
files 
Get extra information about current song/artist (lyrics and 
sheet music for different instruments, artist information, 
concert information, newsletter) 
Table 3. Overview of possible tasks per prototype user interface. 

6.2 User evaluation of prototype user interfaces 
Methad 

x 
x 

x 

x 
x 

x 

x 

x 

PlayList EMu 

x x 
x 
x 
x x 

x 
x 

x 

x 

x 

x x 

x x 

For this observation it was important that the participants see all three prototypes. To 
eliminate an order effect, and to have enough participants per order, eighteen participants 
were needed. First, participants were interviewed (semi-structure) on topics regarding the 
purchase and usage of their current music collection, and desires for a future music player. 
Next each prototype was shown and participants were asked to use and evaluate it, using the 
think aloud protocol. Finally, the three prototypes were compared. 

Participants 
In total seventeen new participants were selected by a recrmtmg agency (one participant 
cancelled last minute), and received a small incentive after the observation. Eight participants 
were male, nine female, and they were aged between 27 and 50 (average 39.9 years). They 
were equally distributed in user group (tech innovator, hip innovator, and selective) and 
family composition. 

Procedure 
After an introduetion about the research, participants were asked about the souree of their 
digital music colleetien (purchase and downloading), how it is organized on their computer 
and how they use their collection. The next set of questions concemed listening to Internet 
radio and usage of physical CD's. 

Participants were then presented with a wireless music player and its functionalities, and were 
asked about their desires and needs for such a product, including the user interface. 
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Next participants were shown one of the prototype user interfaces, and had some time to use 
it, and perform all primary and secondary tasks possible. They were asked to think aloud 
whilst doing this. After the prototype was evaluated, the same steps were repeated with the 
other prototypes. 

All three prototypes were evaluated together using screenshots, including the extra options. 
Participants were asked about their favourite prototype, and how they would design their ideal 
prototype, using elements from all three. 

Finally the participants' desires and needs for a wireless music player were re-evaluated, 
including whether they would purebase one. 

Everything the participants did and said was notated during the observation, including my 
interpretations of their actions. Participants were prompted to verbalize their thoughts, 
emotions, and opinions if they had not said anything for a few minutes. All observations were 
recorded on video tapes; these were later reviewed to make sure nothing was missed, and to 
extend the notes in more detail. 

Results- Collecting and usage of mus ie 
All participants had a digital music colleetien ranging from one to twenty GB, mainly MP3's. 
They also owned a physical CD collection, ranging from a couple to over a thousand. Only a 
small amount of the digital music colleetien was paid for, through Russian websites like 
www.allofmp3 .com, iTunes, the Planet Internet Store, or from ripped CD's from the 
participants' own collection. Most MP3's were downloaded through programs like Kazaa and 
Limewire, or were received from friends and family. 

Search terms used for finding music were mainly artist, album, song, and genre. The 
participants defined genre as a period in time (80's, 90's), or as a music type (blues, pop); 
although "It is sametimes difficult to assign a genre to certain artists or songs, especially if 
you want to be consistent. lf the Stones play with Buddy Guy, it is a blues song; but if they 
play with Christin a Aguilera, it is a pop or rock song". The inspiration for downloading music 
came from hearing a nice song on the radio or television, reading about a new album or artist 
in the magazines or newspapers, tips from friends and family, and following the music charts. 
"The good thing about the Internet nowadays, is that radio stations publish which songs they 
played at what time. lf you then hear a nice song while in the car, but you have missed the 
artist name, you can still look it up online," stated one participant. A distinction could be 
made in the way participants store the music colleetien on the hard disk. About a quarter of 
the participants organized the music folder into subfolders for genres, artists or albums, while 
about half of the participants saved all their MP3's in one large folder. The latter group 
indicated that "My colleetien has become so large that organizing, and keeping it organized, 
would cost me too much time. Although I would like to have it organized, so I can easily find 
sernething back." Another quarter has a combination of both systems: most music would be 
organized into subfolders, and some would be in a separate folder for MP3's that are either 
recently acquired and still have to be organized, or do not belong in one of the existing 
subfolders. 

The computer was lócated in the living room or study, or in both if there were multiple 
computers available. Participants listened to their digital music colleetien through the 
computer and its speakers, while the stereo was still used for the traditional CD's and music 
DVD's. Many participants also owned an MP3 player, to use whilst travelling or exercising: 
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"I do nothave a forest nearby, so when I go fora run I always have some up-tempo musicon 
my MP3 player. This way I do not hear the cars too much, and the music can help me keep 
my running tempo." Participants undertook a wide range of activities while listening to their 
MP3' s, including surfing on the Internet, emailing, chatting, working, housekeeping, 
studying, and sporting. During these activities, participants either listened to a randomization 
of (part of) their music collection, or to a temporary play list created shortly before starting 
the activity. Several participants stated: "I always have music on, except when I have to do 
sarnething for work: music then distracts me too much." 

Results- Internet radio 
Internet radio was hardly listened to. Participants indicated that they listen to radio at work or 
in the car. At home they did not want to listen to commercials or "An annoying DJ that talks 
through the songs." They did want to listen to a selection of their own music collection that 
"Fits my desires, my needs, at that moment." Internet radio did have the added value of 
listening to Dutch radio when living abroad. 

Results- CD versus MP3 
Most participants burned their own CD' s for in the car, for holiday trips, as gifts, as backup, 
or to be able to listen to their music in a different room or on the stereo. They also copied 
CD's from friends and family. 

CD's were hardly bought anymore, because "They are too expensive, and sametimes you 
only get 45 minutes of music." Another participant added that "An album usually only 
contains a few hit singles that are good, but that the other numbers are worthless". Thus it 
would be a waste of money to buy the whole CD. Because CD's were considered expensive, 
participants experienced it as a treat to buy one, either for themselves, or as a gift: "Maybe 
CD's are to me what shoes aretosome women: I already have enough of them, but if I see a 
good one, I will still buy it in an impulse." Another option was to buy CD's on sale, or 
abroad. The likelibood of buying increased when extras were added toa CD, or when the CD 
was from the participants' favourite artist: "Their music is really good, so I do not mind 
spending money on their music then; they are worth it." Music DVD's were gaining in 
popularity: "I love music DVD's because I can relive a concert, and get those goose bumps 
moments, again and again. They also come with many extras, and therefore provide more 
value for my money than CD's." 

Downtoading separate songs provided participants the opportunity to download only those 
numbers that they liked from a CD. Downtoading for free was considered easy, and could be 
done undisturbed "by annoying shoppers or sales people." "lf I am thinking about buying a 
CD, I will first download it, to see if the CD is worth the money," stated one participant. Free 
downtoading also means that "I do not have to provide any personal and credit card 
information." The reliability of the online music providers and the money transaction is 
unclear to most participants. One also mentioned "If your hard drive with MP3's crashes, you 
will have lost your money. Of course the same thing goes with your physical collection when 
there is a fire. But the chance of a hard drive crash is way higher than a fire in your house." 
Another participant added "Besides, if the online shop stops, you cannot listen to your MP3's 
any more either." And "Why would you pay for sarnething if you can get if for free?" 
Although one participant mentioned: "lf I pay for music, I know exactly what quality it has, 
and that it will have the correct metadata." lt is remarkable that only a few participants 
mentioned the risk of computer viruses when downloading for free. 

55 



Results- Desires and needs fora wireless mus ie player 
Participants liked the idea of a wireless music player: "I like to be able to listen to my digital 
music in all rooms of the house. Besides, my stereo downstairs bas better boxes than my 
computer speakers." The product would have to be easy to use with a remote: "The remote 
should be usabie tbraughout the house, and from every angle with regard to the product." The 
design of the player "Should be simple with the least amount of buttons, and have the desired 
size and colour that fits with my other products." 

The installation would have to be plug-and-play: "I just want to conneet the product, and it 
should work." and a display. The display would show the song title, artist, album, and elapsed 
and total time. Participants would like to navigate the music collection by artist, album, song 
title, genre, period in time, mood, and by the way music folder on the computer is organized: 
"I like to have a wide range of navigation possibilities, so I can choose the one that best fits 
the situation and my mood." "I would also like to use full text search, and make and store play 
lists using the product," added several participants. 

As a disadvantage it was mentioned that "The computer bas to be running all the time, whilst 
you are listening to the music." "I would have to organize my music collection first, for 
optimal use," said another participant. Some participants questioned the reliability, safety, and 
range of the wireless network. 

Results- Prototype CDShelf 
All participants were very positive and enthusiastic about the CDShelf prototype. They liked 
the looks and colours, found it very easy to use: "I could recognize my own music again, and 
would be actively involved with the music; it is great fun to use." They did wonder: "How 
will this interface work with a collection of, for instance, a hundred CD's?" Several 
participants suggested: "Y ou could make a pre-selection first, based on artist or genre 
somehow." Participants would like to personalize the CDShelf: "lf I can decide how the CD's 
are ordered on the shelves, I could find them back more easily. I would probably use artist 
and genre for the organization." "I would also like to see the back of the album, and the 
booklet, on the display," stated other participants. Several participants mentioned the 
prototype is limited in its use: ''You can only use it for albums." Another added: "lf you could 
create play lists with it, you could use the prototype in more different ways." Participants who 
did nothave their music collection organized specifically mentioned that "I do not know the 
album art of most of my songs. The prototype would be more tedious for me to use; even 
though I really like it." Finally, it was mentioned several times that "You would now have to 
tilt your head all the time to read the titles. Especially in a large collection this would become 
annoying." 

Results -Prototype PlayList 
Opinions on this prototype were varying amongst parttctpants. On the one hand: "The 
PlayList is dull to work with, and it does nothave any colours." On the other hand: "I like to 
be able to create play lists, using the prototype or on the computer. I would like to use my 
mood as a basis, not an activity." When selecting a play list, participants would like to see all 
the songs from the list so that "I can select which one I would like to hear first." Not every 
participant discovered the full text search. Those who did mentioned "This helps me finding 
songs back a lot easier in my unorganized music collection." Finally, besides navigation on 
artist, album, and song, participants would also like to navigate on genre. 
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Results- Prototype EMu 
This prototype was also valued in various ways. All participants were positive about the looks 
of the tabs genre, artist, album, and song: "It looks nice, and I like having the possibility to 
navigate basedon genre." The mixing part was loved by those who immediately understood 
it: "It is easy, intelligent, and nice to play with". Those who did not understood the use of the 
bull's eye and the adapters, were confused as on how to use it, and on how it worked. 
Remarks like "I do not know the year of the song I selected," "I do not understand what 
Sound means," and "Should I indicate my own mood now?" indicated the participants' 
confusion. Participants expected that a selection made on one tab, would result in seeing a 
different selection on the other tabs. For instance, participants thought that selecting an Artist, 
would lead to only seeing Albums by that Artist. Participants expected to see the details of the 
mix they had made with the music adapters: "Then I can see if the mix is what I had in mind, 
or if I need to change something." Participants missed a search function: "That would be 
easier with larger collections than just scrolling down a list." Finally, the full screen should be 
used when only showing the tabs: "It would improve readability, and else it is such a waste of 
space." 

Results -All displays 
Participants indicated the display should not contain too much information: "Artist, song title, 
album, and song duration are enough; I do not need to see network information on the display. 
If I need network information, I will findit in a settings menu or something." They also stated 
that the display would have to be large enough: "So I can still read it from a distance." The 
user interface should be available in different languages, because some participants would like 
to use Dutch, whilst others would go for English: "If I would encounter a problem, it would 
be easier to find solutions on the Internet if the interface is in English." The overviews of 
albums and songs should also contain the artists: "Several artists have albums or songs with 
the same title, especially if they covered songs by other artists. lf the artist is not mentioned, 
then I do not know I do not know if I am choosing the desired version." Participants would 
like to personalize the display: "lf I can change the background colours for instance, I could 
make the product fit in with my other products. Plus, I could change it according to my mood 
if I would like to." Another participant said "I like the fade in and out of the information 
screens: very fancy." When the product is on standby, it could display the current time and/or 
date: "Then you do nothave a useless large blank screen." 

Results - Extra options 
Participants were enthusiastic about the artist and concert information, lyrics, and sheet 
music. Or as one participant put it: "lf it is there, you will use it." Participants did say "I 
would like to see this information on the display, so it can fulfil my desire immediately. I can 
always forward the information to my email." The information received should be adjusted to 
the region the user lives in: "Concert dates in America are of no use when I am living in 
Europe." Several participants indicated this functionality could be expanded by linking the 
user to stores on the Internet: "So I can buy concert tickets when reading the concert 
information, or buy new albums when reading artist information." The newsletter was not 
appreciated: "I already have more than enough email. I do notcare about another newsletter." 
The participants who understood the Share function immediately liked it: "This is very nice, 
and user friendly. I also like being able to attach pictures and comments to the music." Those 
who did not understand it were confused: "What happens here, do I send this whole album to 
my friend? His mailbox will be full then!" The functionality Mix With Other Music in the 
prototypes CDShelf and PlayList were not understood: "What is the "Other Music"? Is it part 
of my own collection, is it music from the same artist as the song I selected, or are they new 
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songs from the charts?" Participants did like the idea of a computer generated mix, but: "I do 
want to indicate how that mix should be made." A similar problem existed with "Get Sirnilar 
Music Info": "What kind of similarity is this based on? And from which music collection 
does the music come from?'' Finally, participants indicated that "Get Similar Music Info" 
should be under the Extra Options button. 

Results- Personal creation 
There was no full support for one of the three prototypes; but it was clear that CDShelf and 
EMu were the most popular ones. One participant went for EMu and included full text search, 
two chose a combination of PlayList and EMu, three went for PlayList and included Genre, 
four participants only wanted CDShelf, and seven chose a combination of CDShelf and EMu. 

Results- Buying 
Participants were willing to pay between 100 and 200 euros fora wireless music player. They 
would search the Internet, and ask other owners for information about the product. 
Participants would buy the product in a large warehouse like Media Markt, or in a more 
specialized audio-video store: "You may pay more, but the sales people there have a more 
detailed knowledge of those kinds of products, and could actvice you better. You will also 
receive better service after the purchase, if something goes wrong." Criteria to buy the 
product were value for money, good design, agreement with the partner for the purchase, and 
the possibility to use the product in multiple rooms. 

Conclusions 
Participants wanted a personal experience with their music, and wanted to be flexible in their 
navigation methods. This depended on the situation, their mood, and the way they had 
organized their collection (fully organized in subfolders, all songs in one folder, or a 
combination of both). 

CDShelf and EMu were the most popular prototypes to support these desires. They allowed 
participants to recognize their collection, and to create play lists in different ways. They were 
both also easy and fun to use. Participants liked to receive artist and concert information, 
lyrics, and sheet music. 

Several participants indicated they did not understand the EMu mix, Share function, Mix 
With Other Music, or Get Similar Music Info. This could be caused by the limitations in the 
functioning of the prototypes: they did not provide audio feedback, and did not show the 
details of the play lists created. 

6.3 Discussion 
In our search for user requirements for future interfaces for large music collections, we first 
gathered information on user interfaces of different types of existing music players, and on 
publisbed research on user interfaces. Next we organized a brainstorm session to receive 
feedback on the information gathered, and to get new ideas for future interfaces. This resulted 
in a first impression of user requirements, with possible matching user interfaces. We then 
created three prototype user interfaces, which were evaluated by users in a user observation. 
This resulted in detailed knowledge on navigation metbod preferences, and a list with user 
requirements for future interfaces for large music collections. 

In general, users have a strong desire for a personal, tangible experience with their music. 
Their desires for the navigation metbod depend on two elements. First, on how users have 
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organized their own digital music collection: all MP3's in one folder, in several subfolders 
organized by artist (and album) or genre, or a combination of these two. Second, on the 
degree to which users know what kind of music they want to listen to: they know their desires 
exactly, or they have some rough idea. This is related to the users' mood, and the activity they 
are undertaking. 

In some situations, users know exactly which music they want to listen to. Users then want to 
search for it by artist, album, song title or genre, make a play list on-the-fly, or play a 
previously created play list. In other situations, users have a rough idea of what they want to 
listen to; they will look for certain songs to fit their mood, and create a play list on-the-fly. 
They can also create a mix based on one or more songs, so that they can be surprised. The 
CDShelf and EMu prototypes were most popular, because each of these had elements that 
could support users in fulfilling their desires (see table 4). 

CDShelf and EMu allows users to recognize their collection, and to create play lists in 
different ways. They are both also easy and fun to use. Improvements can be made by adding 
a full text search functionality, and allowing users to organize the CD shelves in their own 
way. For large CD collections, users will need to make a pre-selection first. The EMutabs are 
suitable for this task. There bas to be a link between the tabs (e.g. when selecting an artist, the 
album tab shows only albums by that artist), and the albums and songs should have the artist 
name bebind them as well. When using play lists, the display should show the songs on that 
play list. Users like to receive artist and concert information, lyrics, and sheet music. The 
information should be on the display first, with the option to forward it to the participants' 
email. The user interface should look nice, and have colours. The display should only show 
basic information: artist, album, song title, elapsed time, and CD covers. Users also want to 
personalize the display by changing the background colour. The music player should come 
with a remote that is flexible in usage. The design of the product itself should be basic and fit 
with the users' other products. The installation should be plug-and-play, whilst using the best 
wireless security available. The music player could also be connected to the Internet, for 
instanee to buy artist related objects (see appendix 4). 

Users know 
desires exactly 

Music coneetion not organized Music coneetion organized 

lf there are enough songs of an 
album: CDShelf 
Elselisten to mix: EMu, make 
play list on-the-fly, or use 
previously created play list 

Listen to album: CDShelf 
Listen to mix: EMu, make play list 
on-the-fly, or use previously 
created play list 

Users have Visualized browsing of collection: 
Listen to mix: EMu, or use 

rough idea of CDShelf 
desires previously created play list Listen to mix: EMu 

Table 4. User preferences for a user interface for large music collections depend on the 
organization of their music collection, and the degree to which they know what kind of music 
they want to listen to. 
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7 Discussion and recommendations 

The research objectives of this thesis were to provide recommendations to imprave Philips' 
current wireless rousic adapter' s user interface and consumer experience, and to provide user 
requirements for future user interfaces for large digital rousic collections. To fulfil these 
objectives, the thesis was split in two parts. 

The first part focused on the situation nowadays: the current wireless rousic adapter. After 
looking into the detailed workings of the adapter, it was evaluated by user observation, and 
market feedback. This resulted in a list of problems with the adapter. By removing problems 
already solved, and making a selection based on urgency and solvability, a final list with 
problems was created for the first round of improvements. lnformation about the underlying 
"gaps of dissimilarity" has been added, by tagging the problems with Nielsen's usability 
guidelines, to aid in improving the adapter. We have seen that the main problems were related 
to navigating through large collections, the small display, and the environment of the adapter 
(i.e. wireless netwerk, Philips Media Manager, Club Philips, and registration). These were 
mainly caused by non-intuitive, error prone user interfaces, and lack of information and 
feedback for the user. 

The second part focused on the future: user interfaces for large rousic collections. After 
gatbering information from existing rousic players, research on user interfaces for rousic 
players, and a brainstorm session, we had a first impression of user requirements, with 
possible matching interfaces. This information was used to create three prototype user 
interfaces (CDShelf, PlayList, and EMu), which were evaluated by users. 

We have seen that users have a strong desire for a personal, tangible experience with their 
music. We now also know that users' preferences for navigation methods depend on how 
their rousic colleetien is organized, and on whether they know what kind of rousic they want 
to listen to. The latter is also influenced by the users' mood, and the activity they are 
undertaking. The CDShelf and EMu prototypes were most popular, because they were 
intuitive, easy to use, and had elements that could support users in fulfilling their desires and 
preferences regarding navigation. This information was summarized in a list with user 
requirements for future interfaces for large rousic collections. 

Where previous research mainly focused on user interfaces from a technological point of 
view, this master thesis continues research by Vignoli (2004) and Vignoli and Pauws (2005): 
focusing on users .and their desires fora user interface. Mythesis is also the first research, to 
my knowledge, that compares user interfacesbasedon very different navigation methods. 

The thesis has two shortcomings. First, some participants did experience problems in 
onderstanding some of the functionalities during the user evaluation of the prototype user 
interfaces. This could be caused by the limitations in the functioning of the prototypes: they 
did not provide audio feedback, and did not show the details of the play lists created. Second, 
we did discover the intuitiveness of the prototype interfaces, but received less information 
about the specific strategies participants used whilst navigating. This was due to allowing the 
participants to just start using the prototypes, without giving them specific tasks. 

The next step will be to create a werking prototype which combines the CDShelf and EMu 
prototypes (including audio feedback), and by using the list of user requirements. This 
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prototype should be evaluated by users with different types of organization of their music 
collection. A user evaluation could also start with specific tasks, to get more information on 
strategies that are used for navigating. 

So how will you navigate through your digital music collections in ten years from now? Will 
there be a central system that is pre-programmed? That automatically tums on your favourite 
radio station in the moming, and plays a bit of swinging blues before you go for your daily 
run at five o'clock? Or will you have a robotic dog that recognizes you, and can teil which 
mood you are in by listening to your voice, so it can play music that fits your mood? Th at 
knows that you are relaxed when your parents come around for dinner, so it will play easy 
listening jazz? Will it recognize the anxiety you feel when your in-laws are commenting 
negatively on your new, long desired couch, so it will suddenly play some good old punk 
rock? 

Who knows, but what we do know is what you will find important: intuitive and easy 
navigation through your music collection, on a display that gives you only the necessary 
information. 
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Appendix 1 Problems wireless music adapter 

Unpacking the box 

Box containing remote/batteries/cable is a bit sman, difficult to get things out 

Box contains a lot of quick start guides, only need one 

Inside of the box is dun brown 

Need scissors for the tie wrap on the adapter wires 

Outside of the box has smallletters 

Text on the outside of the box is not in users native language 

Unclear what the CD is for 

Unclear where remote, batteries and cable are 

Unclear where the net adapter is 

Wekome paper is just a thin sheet 

White adapter box has letters on the side, so cannot read it when it is in the box 

Installation Philips Media Manager (PMM) 

Actding files to the library takes a long time 

lf the firewan messageisnot accepted, PMM instanation gives error message: "java!VM 
couldn't be started". What does this mean? 

Installation program doesnotscan for files automatically, so there is no music in PMM if the 
user misunderstands the action 

Instanation program is only available in English 

lt takes a while before installation CD automaticany starts 

Setup screen of the instanation CD stays on screen after installing PMM 

Unclear if music is already shared afterinstalling PMM 

User does not know what to do when receiving a firewan warning 

U ser does not see finish button after actding watch folder 

User wants to use > to go further in text entry line, but is suddenly in next step of installation 

When indicating PMM should start-up, there is nothing on the screen 

WMA option is not selected by default 

Installation wireless music adapter 

lf adapter cannot find netwerk, it states "check config". Config = Configuration? 

lf the configuration wizard starts over again, it remembers previous settings. But when 
pressing ok at e-mail user goes one letter to the right insteadof to next step 

Last instanation screen shows question: apply settings? With options YIN, but there are no 
YIN buttons on remote 

Unclear whether pass word is capital sensitive 

User does not know what to fill in for the DHCP question (automatic or statie) 

User does not know which netwerk and pass word the computer has 

65 



lostalla ti on wireless music adapter ( continued) 

When entering the pass word, it states "edit WPA code" insteadof "enter WPA code" 

Wireless music adapter - Design 

Adapter is a bit wobbly, easy tofall over 

Cables are plugged in on the side: cannot hide them, looks less nice 

Cables can be turned around and thus unplugging themselves 

Input holes of the adapter and stereo cables look like each other 

No buttons on adapter itself, so have to use remote standing right in front of it 

Plastic feels vulnerable 

Wireless music adapter - Display 

Adapter hardly ever shows what it is doing 

Cannot change display colour 

Cannot change display contrast 

Cannot read entire song info on display 

Cannot see if a song is marked on the display 

Cursor to show where user is with entering text is at weird place: under letter user just entered 
instead of under empty place 

Display does not always show the possible user actions 

Display bas a small size 

Display indicates the user bas to press > button for ok, although ok button also works 

Display is not readable from distance > 2 meters 

Display shows the song info automatically, why can it notshow the play listand show details 
after pressing info button? 

Display sometimes shows the elapsed song time, sometimes elapsed and total time (manual 
states display default shows elapsed time and total time) 

lt is not clear what the vertical indicators are for (reality: signal strength and buffer, 
expectation: battery strength, radio station playback, scrolling possibility, temperature) 

lt looks like radio stations are songs (they have a music note bebind them, as do the songs in 
PMM folders) 

Jump to icon doesnotmake sense 

Play icon is not visible when navigating through song list (see "item number"/"total number 
of items" instead) 

Repeat (all) icon stays on the display when navigating (even in radio stations menu) 

Repeat icon goes counter clockwise, used to things going clockwise 

Shuffle icon looks like an hourglass, what does it mean, is the adapter thinking then? 

Shuffle icon stays on the display when navigating (even in radio stations menu) 

Unclear where song is playing from (Internet, favourites, PMM?) 

Unclear why user bas to see the buffer information all the time 
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Wireless music adapter- Display (continued) 

User cannot adjust if elapsed time/total time is visible 
User only sees date/time after pressing "info" or when viewing song/radio station, not during 
scrollin 
When entering pass words, the pass words are not always covered up with stars 

When pressing preset key during radio playback, adapter plays song but shows radio info. 
During song playback (from PMM folders) it does show preset song info 

When using jump to, the display states: "searching //search term//", but it is not searching but 
jumping to 

Wireless music adapter - Navigation & usage 

Adapter does not respond to "on" button properly (does not respond orlongrespond time or 
adapter turns off again af ter a few seconds) 

Cannot (un)mark folders, although manual states it should be possible 

Cannot preset radio stations and albums 

Cannot see national radio stations (3FM, Veronica) 

Do not know if it matters where user is in the menu structure for playback of presets 

Does the adapter automatically play the next song? 

Have to turn volume of stereo up a lot before user hears sound 

How can user go to the next song? Through the pc? 

lf user is browsing and wants togoback one level, it automatically jumps totopof list, but 
that is not always what user wants 

In beginning of menu structure user gets fast reactions, but deeper in structure it becomes 
slow er 

It takes a long time before adapter jumps to chosen letters 

It takes a long timetostart-up (long blue screen time) 

It takes a while before user gets a response when pressing fast forward during playback 
Not every user knows it is possible to conneet to Internet without having an Internet browser 
running 

Scrolling through songs takes a long time 

Takes some time for adapter to see PMM folder, while pc and PMM are already running 

Text entry is not SMS style because it starts with numbers (manual states it is) 

The radio stations have such narnes that user cannot make out what kind of music they play > 
is there a database of stations and genres they play in PMM? 

The terms favourite and (un)mark are used for the same functionality 

There are too many radio station genres, Europeans do not know all of them 

There is no "unknown" category in artist/album folders, it doesexist in genre 

There is no fast backward function, expect I<< button to be fast backward 

There is no folder "song" in artist/album/genre etc list, it is now called "all music" 

To delete entry, user selects previous character with <, then presses I<< 

Unclear how the user can get from the information screen back into the song list (have to 
press < button) 
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Wireless music adapter- Navigation & usage (continued) 

Unclear how the user can put songs in favourite folder under PMM 

Unclear how to get out of settings menu (have to press home button) 

Unclear if it is possible to remave a song from a preset key, and how can this be done 

Unclear where marked favourites are stared (favourites under PMM or home) 
Unclear whether the adapter plays WA V (sticker states yes, but no information in 
QSG/manual) 
User can mark radio stations as favourites, but what does this do? 

User can only find songs/artists when knowing the first letter(s) using "jump to", but user 
does not always know this, and metadata might be wrong or illogical 

User does not expect backspace to beI<< button, doesnotmake sense 

User does not receive feedbackafterentering email address on adapter 

User expects "jump to" to be a full text search 

User expects to get out of the information screen and settings menu by pressing the 
info/settings button again 

User expects to use (un)mark to make own play list on the fly 

User expects to use preset togoback to basic settings as entered befare 

User fincts preset button scary or thinks it resembles telephone function 

User has tore-enter email address for Internet radio after unplugging the adapter 

U ser has to select folder/user/etc even if there is only one option in that (sub )menu 

User learns with trial and error how text entry works 

User looksfora search menu in PMM menu (albums/artists etc) to use jump to functionality 

User neects manual to figure out what (un)mark does 

User starts text entry using up/down arrows (did not read QSG) 
User thinks "jump to" results are sorted alphabetically on singers, wants to go to settings to 
change this 
User thinks first result is the right one when seeing "jump to" results 

User wants to see adapter info (from display) in PMM to prevent unnecessary walking 

User wants to tell PMM what song the adapter has to play (push content) 

What happens when the adapter reaches the end of a folder? (lt does not go to the next folder) 

When (un)marking song, it states: favourite added/removed. Added or removed from what? 

When entering "jump to" text and pressing ok, display shows text: searching //search term// 
but there is no indication of the adapter processing (hourglass or something) 

When in the middle of a song, user cannot press "jump to" button, but can press up/down 

When shuffle is turned on and the user chooses a song, it plays a different song 

When shuffle is turned on during playback, it plays the current song again 

When turning shuffle and repeat all on during playback, it goes to the next song 

Why can user only unmark a song when user is in the favourites folder? 

Why does the menu structure contain two favourites lists? 
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Remote 

Small buttons, so when pressing one button, user presses others as well 

Text size on remote is too small 

Philips Media Manager (PMM) 

Cannot see what PMM is doing, is it stillloading the website? 

Club Philips website is loaded within PMM, takes really long time before website is loaded 

First PMM screen (after installation) doesnotstand out 

Need help to understand PMM help 

PMM help and adapter manuallook totally different 

PMM help does not have any information about the adapter 

PMM help unfolds whole menu structure, doesnothave option to "plus" it back in 

PMM is only available in English 

Some songs cannot be deleted from artists list (even if all songs are deleted and watch folders 
are empty) 

User neects PMM helpand adapter manual at sametime 

User thinks PMM is same as adapter: willlook in help PMM when needing help on adapter, 
and want to enter PMM as server name 

When the user is removing a folder from the watch folders, it is unclear if the folder is 
removed from the hard disk as well 

Club Philips & registration 

Before registering, "account" on the left side of the Club Philips site is printed bold: does user 
have an account already? Cannot see extra info when clicking on it 

Cannot listen to own radio stations through pc, without entering email address 

Club Philips is not what user expects, looks more like commercial info 

Email sent to the user to complete the adapter registration is in English, while language on 
adapter is Dutch 

Registration can be delayed or not done at all 

Unclear to user that registering adapter is done by "installing" Internet radio 

Unclear why email address has to be filled in, when selecting Internet radio 

Unclear why user has to register again for live365 (one of the Philips services available to 
receive Internet radio) 

User cannot find information about the adapter on the Club Philips website after login 

User expects toneed email for security, makesure it is user on wireless network and adapter 
User receives error message after filling in email address for first time: conneetion with server 
down 
VTuner is enabled in Club Philips, but not visible under radio stations in adapter 
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Quick Start Guide (QSG) 

CD is called instanation CD, do not expect manual bere 

lnformation about where to find the manual is hard to find 

QSG does not contain information about Club Philips 

QSG does not contain information about creating user for Internet radio 

QSG does not contain information about firewall warnings 

QSG does not contain information about how to find a song (search function) 

QSG does not contain information about metadata or where the song information on the 
display comes from 

QSG does not contain information about PMM (what is it for?) 

QSG does not contain information about radio stations (how it works) 

QSG does not contain information about registering adapter 

QSG does not contain information about watch folders: what are they? 

QSG does not contain information about WA V /WMNMP3 formats 

QSG does not contain information about what information user neects for instanation 

QSG does not contain information about where to find information about network 

QSG does not contain information about why PMM has tostart up automatically 

QSG does not contain information about wireless networking 

QSG does not state whether pass word entry is capital sensitive 

QSG states for jump to "press button+nr", but hardly any songs begin with nr 

QSG states press OK for DHCP, notselect DHCP 

Screenshots are not readable 

Manual 

CD is called instanation CD, do not expect manual bere 

lnformation about where to find the manual is hard to find 

Manual does not contain information about Club Philips 

Manual does not contain information about firewall warnings 

Manual does not contain information about how to find a song (search function) 

Manual does not contain information about metadata or where the song information on the 
display comes from 

Manual does not contain information about PMM (what is it for?) 

Man u al does not contain information about radio stations (how it works) 

Manual does not contain information about registering adapter 

Manual does not contain information about watch folders: what are they? 

Manual does not contain information about WA V /WMNMP3 

Manual does not contain information about what information user neects for installation 

Manual does not contain information about where to find information about network 

Manual does not contain information about why PMM bas to start up automatically 

Manual does not contain information about wireless networking 

Manual states for jump to "press button+nr", but hardly any songs begin with nr 
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Manual ( continued) 

Screenshots are not readable 

The PDF document does not contain any hyperlinks so user has to scroll a lot to find the right 
information 

User wants the manual on paper (pc is upstairs, adapter downstairs) 
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Appendix 2 Usability guidelines 

Usability guidelines 

Visibility of system status 
1 The system should always keep users informed about what IS gomg on, through 

appropriate feedback within reasonable time. 
Match between system and the real world 

2 
The system should speak the users' language, with words, phrases and concepts familiar 
to the user, rather than system-oriented terms. Follow real-world conventions, making 
information appear in a natura! and logica! order. 
User control andfreedom 

3 
Users often choose system functions by mistake and will need a clearly marked 
"emergency exit" to leave the unwanted state without having to go through an extended 
dialogue. Support undo and redo. 
Consistency and standards 

4 Users should not have to wonder whether different words, situations, or actions mean 
the same thing. Follow platform conventions. 
Error prevention 

5 
Even better than good error messages is a careful design which prevents a problem from 
occurring in the first place. Either eliminate error-prone conditions or check for them 
and present users with a confirmation option before they commit to the action. 
Recognition rather than reeall 
Minimize the user's memory load by making objects, actions, and options visible. The 

6 user should not have to remember information from one part of the dialogue to another. 
Instructions for use of the system should be visible or easily retrievable whenever 
appropriate. 
Flexibility and efficiency of use 

7 
Accelerators -- unseen by the novice user -- may often speed up the interaction for the 
expert user such that the system can cater to both inexperienced and experienced users. 
Allow users to tailor frequent actions. 
Aesthetic and minimalist design 

8 
Dialogues should not contain information which is irrelevant or rarely needed. Every 
extra unit of information in a dialogue competes with the relevant units of information 
and diminishes their relative visibility. 
Helpusers recognize, diagnose, and reeover from errors 

9 Error messages should be expressed in plain language (no codes), precisely indicate the 
problem, and constructively suggest a solution. 
Help and documentation 
Even though it is better if the system can be used without documentation, it may be 

10 necessary to provide help and documentation. Any such information should be easy to 
search, focused on the user's task, list concrete steps to be carried out, and not be too 
large. 

Taken from Nielsen's website http://www.useit.com/papers/heuristic/heuristic list.html 
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Appendix 3 Final list of problems 

This finallist of problems with the wireless music adapter also contains the average scores for 
urgency and solvability, and the usability guidelines that are causing the problems.8 

Unpacking the box Urgency Solvability Guidelines 

Inside of the box is dull brown 1.7 1.7 8 
N eed scissors for the tie wrap on the adapter wires 2 0.7 4,8 
Unclear what the CD is for 2 1 5, 6, 10 
Unclear where remote, batteries and cable are 2 1 4,6 
Unclear where the net adapter is 1.7 0.7 4,6 

Installation Philips Media Manager (PMM) Urgency Solvability Guidelines 

lf the firewall message is not accepted, PMM 
instaBation gives error message: "java/VM couldn't be 3 1.7 2,9, 10 
started". What does this mean? 

InstaBation program doesnotscan for files 
automatically, so there is no music in PMM if the user 2.3 1.7 4,5 
misunderstands the action 

Installation program is only available in English 3 2.7 2,5 
Setup screen of the instaBation CD stays on screen 2.3 2.3 5, 6, 8 
after instaHing PMM 

User does not know what to do when receiving a 
3 1.7 2, 5, 10 

firewall warning 

WMA option is not selected by default 2.3 1.3 5 

Installation wireless music adapter Urgency Solvability Guidelines 

lf the configuration wizard starts over again, it 
remembers previous settings. But when pressing ok at 2.7 1.7 3,4,6 
e-mail user goes one letter to the right instead of to 
next step 

Last installation screen shows question: apply 
settings? With options YIN, but there are no YIN 1.7 1.7 4,5,6 
buttons on remote 

Unclear whether pass word is capita! sensitive 2 1.7 5, 6, 10 
User does not know what to fill in for the DHCP 

2.3 1.7 5, 10 
question (automatic or statie) 

8 The score for urgency ranged from zero (it is not a usabi lity problem) to four (usability catastrophe). The 
solvability score ranged from zero (easy to solve) to four (difficult to solve). See appendix 2 for the detailed 
usability guidelines. 

75 



Installation wireless music adapter ( continued) Urgency Solvability Guidelines 

User does not know which network and pass word the 
2.7 2 5, 10 

computer has 

When entering the pass word, it states "edit WPA 
2.3 1.7 2,4,6 

code" insteadof "enter WPA code" 

Wireless music adapter - Design Urgency Solvability Guidelines 

Input holes of the adapter and stereo cables look like 
1.7 2.3 1, 2, 5, 6 

each other 

Wireless music adapter - Display Urgency Solvability Guidelines 

Adapter hardly ever shows what it is doing 2.7 2.3 1, 5 

Cannot see if a song is marked on the display 2.7 2.7 1, 5, 6, 7 

Cursor to show where user is with entering text is at 
weird place: under letter user just entered instead of 2 1.7 1, 4, 5, 6 
under empty place 

Display does not always show the possible user 
2.7 2.7 1, 3, 5, 6, 7 

actions 
Display has a small size 3 4 2,4 

Display indicates the user has to press > button for ok, 
1.7 1.7 4, 5, 6, 8 

although ok button also works 

Display is not readable from distance > 2 meters 3 3.3 2, 3, 7 

Display sometimes shows the elapsed song time, 
sometimes elapsed and total time (manual states 1.7 3 4, 10 
display default shows elapsed time and total time) 

lt is not clear what the vertical indicators are for 
(reality: signal strength and buffer, expectation: 

2.3 1.7 
1, 2, 4, 6, 

battery strength, radio station playback, scrolling 8,9 
possibility, temperature) 
lt looks like radio stations are songs (they have a 
music note bebind them, as do the songs in PMM 1.7 2 4, 6 
folders) 
Play icon is not visible when navigating through song 
list (see "item number"/"total number of items" 2.3 1.3 5,6 
instead) 

Repeat (all) icon stays on the display when navigating 
2.3 1.7 1, 8 

(even in radio stations menu) 

Shuffle icon looks like an hourglass, what does it 
1.7 1.7 2,4,6 

mean, is the adapter thinking then? 

Shuffle icon stays on the display when navigating 
2.3 1.7 1, 8 

(even in radio stations menu) 
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Wireless music adapter - Display ( continued) Urgency Solvability Guidelines 

Unclear where song is playing from (Internet, 
1.7 2.7 1, 5, 6 

favourites, PMM?) 

Unclear why user has to see the buffer information all 
2 2 2,6,8, 9 

the time 

When entering pass words, the pass words are not 
2 1.7 2, 4 

always covered up with stars 

When using jump to, the display states: "searching 
2.3 1.3 2,4,5,6 

//search term//" , but it is not searching butjumping to 

Wireless music adapter - Navigation & usage Urgency Solvability Guidelines 

Adapter does not respond to "on" button properly 
(does not respond or long respond time or adapter 2.7 2.7 1,2,4,5, 7 
tums off again after a few seconds) 

Cannot (un)mark folders, although manual states it 
2.3 2 2,4, 6, 10 

should be possible 

Cannot preset radio stations and albums 2.3 3 2,4, 7 
Do not know if it matters where user is in the menu 

2.3 1.3 3, 5, 6, 7 
structure for playback of presets 

Text entry is not SMS style because it starts with 
2.3 1.7 

2, 4, 5, 6, 
numbers (manual states it is) 10 

The terms favourite and (un)mark are used for the 
2.3 1.7 4, 5, 6, 8 

same functionality 

There is no "unknown" category in artist/album 
2.3 2 2,4, 7 

folders, it does exist in genre 

There is no fast backward function, expect I<< button 
2.3 2 2,4,5,6 

to be fast backward 

There is no folder "song" in artist/alburn/genre etc list, 
2 2 2,4, 5 

it is now called "all music" 

Unclear how the user can get from the information 
2 2 1, 2, 3, 5, 6 

screen back into the song list (have to press < button) 

Unclear how the user can put songs in favourite folder 
2 1.7 3, 6, 7, 10 

under PMM 

Unclear how to get out of settings menu (have to press 
2 2 1, 2, 3, 5, 6 

home button) 

Unclear if it is possible to remove a song from a 
2 1.7 3,6, 9 

preset key, and how can this be done 

Unclear whether the adapter plays WAV (sticker 
2 1.7 4, 6, 10 

states yes, but no information in QSG/manual) 

User can mark radio stations as favourites, but what 
3 2.3 1, 2, 6, 7 

does this do? 
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Wireless music adapter - Navigation & usage 
( continued) 

User does not expect backspace to be I<< button, does 
not make sense 

User does not receive feedbackafterentering email 
address on adapter 

U ser expects to get out of the information screen and 
settings menu by pressing the info/settings button 
again 

User has tore-enter email address for Internet radio 
after unplugging the adapter 

User has to select folder/user/etc even if there is only 
one option in that (sub )menu 

User looksfora search menu in PMM menu 
(albums/artists etc) to use jump to functionality 

When (un)marking song, it states: favourite 
added/removed. Added or removed from what? 

When entering "jump to" text and pressing ok, display 
shows text: searching //search term// but there is no 
indication of the adapter processing (hourglass or 
something) 

When shuffle is tumed on and the user chooses a 
song, it plays a different song 

When shuffle is tumed on during playback, it plays 
the current song again 

When tuming shuffle and repeat all on during 
playback, it goes to the next song 

Why does the menu structure contain two favourites 
lists? 

Philips Media Manager (PMM) 

PMM help does not have any information about the 
adapter 

Club Philips & registration 

Before registering, "account" on the left side of the 
Club Philips site is printed bold: does user have an 
account already? Cannot see extra info when clicking 
on it 
Email sent to the user to complete the adapter 
registration is in English, while language on adapter is 
Dutch 

Urgency Solvability Guidelines 

2.3 1.7 2,6,9 

2.7 1.7 1, 5, 9 

2 3 2, 6 

2 1.7 7,8 

2.3 2 2,6, 7,8 

1.7 2 
2, 3, 4, 6, 

10 

1.7 1.3 1,2,6,9 

2.3 1.3 1 

2.7 1.7 3, 4, 6, 7 

2.7 1.7 2,4,6 

2.3 1.7 2, 4,6 

2.3 2.3 4, 5,6, 8 

Urgency Solvability Guidelines 

2 2 2, 6, 10 

Urgency Solvability Guidelines 

2.3 1.3 4, 6, 8 

2 2 2 
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Club Philips & registration ( continued) Urgency Solvability Guidelines 

Unclear to user that registering adapter is done by 
2.7 1 2,5,6, 10 

"installing" Internet radio 

Unclear why user bas to register again for live365 
1, 4, 6, 7, 

(one of the Philips services available to receive 2 2 
10 

Internet radio) 

User cannot find information about the adapter on the 
2 1.7 1, 7, 10 

Club Philips website after login 

User receives error message after fiBing in email 
2.7 1.7 2,9 

address for first time: conneetion with server down 

Quick Start Guide (QSG) Urgency Solvability Guidelines 

CD is called instaBation CD, do not expect manual 
2 1 

2, 4, 5, 6, 
he re 10 
Information about where to find the manual is hard to 

2.3 1 6, 10 
find 
QSG does nat contain information about Club Philips 2 1.7 5,6, 10 

QSG does nat contain information about creating user 
2.3 1 5, 6, 10 

for Internet radio 

QSG does nat contain information about firewall 
2.3 1 2,5,6, 10 

wamings 

QSG does nat contain information about how to find a 
1.7 1 2,6, 7,10 

song (search function) 

QSG does nat contain information about metadata or 
where the song information on the display comes 1.7 1.7 2,5,6, 10 
from 

QSG does nat contain information about PMM (what 
1.7 1 5,6, 10 

is it for?) 

QSG does not contain information about radio stations 
1.7 1.7 5, 6, 10 

(how it works) 

QSG does not contain information about registering 
2.3 1.3 5, 6, 10 

adapter 

QSG does not contain information about what 
1.7 1.3 5, 6, 10 

information user needs for instaBation 

QSG does not contain information about where to find 
2.3 1 5, 6, 10 

information about network 

QSG does not contain information about why PMM 
1.7 1.3 5,6, 10 

has to start up automatically 

Screenshots are not readable 2 1 1, 6, 10 
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Man u al Urgency Solvability Guidelines 

CD is called instanation CD, do not expect manual 2 1 
2, 4, 5, 6, 

he re 10 
Manual does not contain information about Club 2 1.7 5,6, 10 
Philips 

Manual does not contain information about firewall 2.3 
warmngs 

1.3 2,5,6, 10 

Manual does not contain information about how to 1.7 1.7 2,6, 7,10 
find a song (search function) 

Manual does not contain information about metadata 
or where the song information on the display comes 1.7 2 2,5,6, 10 
from 

Manual does not contain information about PMM 
1.7 1.3 5, 6, 10 

(what is it for?) 

Manual does not contain information about radio 2 2 5,6, 10 
stations (how it works) 

Manual does not contain information about registering 2.3 1.3 5, 6, 10 
adapter 

Manual does not contain information about what 1.7 1.7 5, 6, 10 
information user neects for instanation 

Manual does not contain information about where to 2.3 1.3 5, 6, 10 
find information about network 

Manual does not contain information about why 1.7 1.3 5,6, 10 
PMM has tostart up automatically 

Manual states for jump to "press button+nr", but 1.7 1 2,4,5,6 
hardly any songs begin with nr 

Screenshots are not readable 2 1.7 1, 6, 10 

The PDF document does not contain any hyperlinks 
1.7 2 2, 7, 10 

so user has to scroll a lot to find the right information 
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Appendix 4 Requirements for future music players 

List of user requirements for the user interface 

U sers can select the metbod of navigation based on their preferences and situation from 
1 the following basics: CDShelf, Tabs (from EMu), full text search and previously created 

play lists. 

2 Users can switch between these basics, e.g. select a genre using Tabs and then watch 
CDShelf for that selection. 

3 Music can be searched based on artist, album, song, genre, period in time, mood and 
previously created play lists. 

4 Music can be mixed using EMu based on artist, album, song, genre, period in time and 
mood. 

5 Users can make their own play list on-the-fly. 
6 Users can store and retrieve _Qlay lists. 
7 Users can see the contentsof play lists or lists created with EMu on the display. 

8 When using Tabs, a selection on one tab results in a different view on the other tabs, e.g. 
selecting an artist shows only albums by that artist in the album tab. 

9 When album and song titles are shown in Tabs, the display also shows the performing 
artist. 

10 When using CDShelf, users can also see the back of the CD and read the booklet. 

11 When CDShelf is used, the user sees the albums in the order they have previously set on 
the computer. Otherwise, music is organized by alphabet. 

12 There is a repeat function available. 
13 There is a shuffle function available. 
14 The amount of empty space on the display is reduced to a minimum. 

15 The display does not show any network information; this information is related to 
settings and should be located there. 

16 The display shows the song title, artist, album and elapsed and total time of the song. 
17 The display contains colours, preferably adjustable by the user. 
18 The display is large to support readability. 
19 The display shows the current time when on standby, preferabie also the date. 
20 The information sereens fade in and out, e.g. "Email has been sent". 
21 Users can receive information on the artist playing. 
22 Users can receive information on upcoming concertsof the artist playing. 
23 Users can receive lyrics of the song playing. 
24 Users can receive sheet music of the song playing. 

25 It is possible to link to an online store for objects related to the music playing, e.g. 
concert tickets or CD's. 

26 Information received is adjusted to the users' region. 

27 Extra information and lyrics are displayed on the screen, with the option to sendit to the 
users' email address. 

28 lf the screen is large enough, it displays the sheet music. Else, it is send to the users ' 
email address. 

29 The user interface is available in the users ' own language. 
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List of user requirements for the product itself 

1 The remote is usabie throughout the house. 
2 The remote is usabie from every angle with regard to the product. 
3 Theproduct design has the least amount of buttons. 
4 The product design has the desired si ze and colour to fit with the users' other products. 
5 The instaBation is plug-and-play. 
6 The product works with the best wireless security levels available. 

7 
The product can be connected to Internet, e.g. to provide the user with information on 
the artist or to buy artist related objects. 
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