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Abstract 
This study investigates auditory display (audio only) menu interfaces and navigational cues. 
In an experiment using a prototype auditory display menu interface, differences in task 
completion time, the number of keystrokes used and preferences between navigational cues 
that were either short, short repeated or persistent. The navigational cues were based on 
earcon inspired design and were either persistent, short or repeated short navigational cues.   
 
The results of the experiment showed no support for any of the cues giving better 
performance results than any the other. The gathered data did however show how the 
subjects made significant improvements in completion time and keystroke count after 10 
performance tasks. 
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1. Introduction: 
An auditory display menu interface is the sonic equivalent of a visual menu interface such as 
those used in personal computers and mobile phones. One utility of auditory display is the 
advantage of not requiring the eyesight of the user for accessing interface information 
output, something that is appreciated in interfaces for mobile devices or in interface design 
for visually impaired users. An example of a product using auditory display is the (very recent 
portable mp3 player) iPod Shuffle1. Auditory display is also commonly used in combination 
with visual displays. This study will however be exclusively aimed at researching the use of 
auditory display in a context with no visual complements. 
 
The benefits of auditory displays was summarised by Kramer [1] (p. 6): 
 

- Eyes free 
- Rapid detection 
- Alerting 
- Orienting 
- Backgrounding (allows surveying of large data sets) 
- Parallell listening 
- Acute temporal resolution 
- Affective response 
- Auditory gestalt information 
 

Kramer also summarized the difficulties of auditory displays in the same book [1] (p. 14): 
 

- Low resolution of many auditory variables 
- Limited spatial precision 
- Lack of absolute values 
- Lack of orthogonality 
- Annoying 
- Interferes with speech communication 
- Absence of persistence 
- No printout 
- User limitations: The aural equivalent of colour blindness 

 
The sounds used in auditory display are usually made with synthesizers (if musical) or made 
with text to speech synthesis (for speech). This is further described under “auditory display 
methods” below.  
 
1.1 Menu hierarchies 
Hierarchies in visual menus exist in several designs [2]. One of the most common types of 
menus is the hierarchical menu, utilizing a tree-structure with a main menu that has a 
number of sub-menus. The hierarchical menus consist of frames that are filled with menu 
item. These items are leafs, branches or unavailable items. A leaf item activates the system 
task that it is assigned to (ex. initiating a system sequence). A branch item connects the 
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frame to a sub frame with new items. The unavailable items represent system tasks that are 
disabled.  
The size of the menu is determined by its depth (number of frames) and breadth (number of 
items per frame). 

 
Figure 1: An example of a hierarchical menu layout. 

 
 
1.2 Auditory display methods 
There are several methods for representation of different types of information used in 
auditory display. According to McGookin and Brewster [3] the following methods and their 
applications are: 
 
Sonification is a method which utilizes sound to represent numerical data in various forms. It 
has been used in applications for presenting graphs, weather reports, medical data [4], in 
creating aids for visually impaired, etc. Sonification is a good method for showing trends in 
data sets. A classic example of the sonification method is the Geiger meter.  
 
Speech as an auditory display method has the advantage of being able to accurately describe 
absolute values and has been applied in many contexts such as announcement systems, 
enquiry systems and text-readers for visually impaired people. The benefit of speech as a 
method for auditory display is that compared to other methods utilizing other types of 
sounds requires less learning if the user is familiar with the language used. In other words 
speech is a non-arbitrary method. The speech can either be pre-recorded or synthesized 
using TTS (text-to-speech) synthesis. The use of TTS has the advantage that new spoken 
contents can be automatically generated [5] (which might be useful for a phonebook in a 
mobile phone device for example). A disadvantage of speech is that it may not be as 
effective for presenting continuous data as sonification and that it is sometimes considered a 
time-consuming and inefficient way to present information [6].  
 
Auditory Icons utilize everyday sounds as analogically representing other data. They have 
been implemented in several systems. A well designed auditory icon has a successful and 
intuitive mapping between the chosen sound and the data represented. When this is the 
case the auditory icon can be easily understood. Some abstract events might though be 
difficult to find matching sound metaphors for, which limits the usage to auditory icons. 
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Earcons utilize mapping of auditory or musical parameters of sound clips to specific 
information. The earcon can be considered as an alternative to an auditory icon when it is 
difficult to find a matching everyday-sound metaphor to use as a representation for the 
event. Using an earcon instead will require learning before the listener can identify the 
meaning of the earcon. There are four types of earcons: 
 

- One-element earcons; Can only communicate one bit of information. Could be a 
single pitch or rhythm. 

- Compound earcons; Are several different one-element earcons played after each 
other. 

- Hierarchical earcons; Utilizes a grammar to allow more complex messages to be 
communicated by the one-element earcon. In a tree like structure one type of 
message has one earcon representation. The sub-types of that message will then be 
based on that first earcon, adding additional earcon-components.  

- Transformational earcons; Also utilizes a grammar but instead of using one-element 
earcons as a base, they map different parameters to different meaning. One type of 
representation may be presented as a pitch, a rhythm and a timbre. The pitch may 
represent one specific bit of data while rhythm and timbre represents two other bits 
of data. If the pitch is changed then the meaning of the message will become slightly 
different. 

 
Earcons have previously utilized the following parameters for modulation [3]: 
 

- pitch (mono-tonal and poly-tonal)  
- timbre 
- rhythm 
- register 
- spatial properties (used in [7] and for separation during concurrent presentation) 

 
In addition to these listed above by McGookin and Brewster [3] there is also a more recent 
representation: 
Spearcons [8] are spoken phrases that are sped-up (time-compressed with unaltered pitch) 
until they are no longer recognised as speech. Since they are speech based they may also be 
automatically generated using text to speech synthesis. 
For indicating the current state of an item presented using auditorily displayed, there are 
two methods suggested. Gaver (in [1]) proposed the use of parameterizing on auditory icons, 
where for example an auditory icon representing a file can be parameterized in order to 
reflect the size of the file (i.e. sounding big or small). 
Ludwig et. al in Mynatt (contrib. writer in [1]) has proposed the use of ”filtears”; applying 
modulations to an already existing auditory representation to indicate a changed state of the 
representation. Suggested modulations are distortion, chorus effects and the using of 
various filters. An example of this could be to create a greyed-out (unavailable) menu option 
by using a filter modulate its original audio cue.  
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1.3 Presentation of sounds through auditory display  
Since sounds are by nature vulnerable to masking effect i.e. being covered by other stronger 
sounds and making the listener unable to hear it properly, it is important to consider the 
presentation of the sounds used in auditory display. Previous [9] research has found that 
that a users recognition of concurrently presented earcons benefit from spatial separation, 
staggering onsets and the using of different timbres for the different earcons.  
 
1.4 Auditory persistence and repetition 
As previously described Kramer [1] suggested issues with auditory display. These issues 
include the non-persistent nature of sounds and the possibility of auditory displays being an 
annoyance to users. Auditory display has on the other hand the possibility to reach the user 
even if the user is facing away from the device that is presenting the information. This is 
widely used in systems using sounds for delivering notifications and warnings. 
 
In visual display the presented information is available as long as it is visible and as long as 
the system displays it and user choose to look at it. A user can access the information text 
printed on a sign just by looking at it, and the information may be re-accessed as long as the 
sign is still in sight. In contradiction to this, sounds and information displayed using sounds 
are usually time-wise limited and only available as long as the sound carrying the particular 
information is playing. After that the message has vanished and it is up to the user to store it 
in his or her memory. To aid the user in remembering the information, some systems 
employ repetitions of messages. An example for this is the TeliaSonera1 customer phone 
service that repeats messages approximately every seven seconds [9].  
 
 
As also seen in the previous work [9] there is the possibility of creating persistent audio cues 
using looped sounds. Looped audio segments are already widely used in music and sound 
design for multimedia and computer games. These sounds are background ambient loops 
describing the game environment, music loops.  
 
When looking after definitions for what the difference there is between a looped (persistent) 
sound and a repeated sound not much information was found. Handel [10] (p. 8) describes a 
periodic pattern as something that repeats itself over and over again and that the most basic 
periodic pattern is a sinusoidal movement. 
This description is however concerning sounds at a very primitive level, and possibly not all 
too useful for sound designers looking to make repeating or persistent audio cues that are of 
a more complex nature then basic waveform shapes. Hence it would possibly be more 
suitable to be asking subjects whether sounds are perceived as persistent or repeated before 
implementing them in an auditory display interface, since it is the perceived persistent or 
non-persistent characteristic that is sought after. 
 
 

                                                 
1 TeliaSonera is Swedish-Finnish telecom service provider. 
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1.5 Persistence and repetition from a cognitive sci ences perspective 
In the cognitive science approach to memory, rehearsal is a mental method for learning by 
repeating [11]. By rehearsing, the item being learned is continuously refreshed in the short-
term memory and by doing so decaying is avoided.  
In the context of auditory interface design this may be useful when presenting information 
that should not be allowed to be forgotten. 
 
In a previous review by the author [9] it was noted that there are some issues regarding 
repetitive sounds. Repetition of an audio stimulus will lead to satiation of its semantic 
contents and it is also believed that repetitious sounds are generally annoying.  
Also, there is the psychological phenomenon of Habituation, which is described as “the 
reduction of responsiveness after prolonged or repeated exposure to a stimulus” (Laurian in, 
[12]), that makes it necessary to consider how and when to use repeated audio cues.  
Auditory habituation behaves differently depending on if the stimulus is non-speech or 
speech based. Irrelevant speech may affect the performance in certain short memory tasks 
more negatively then irrelevant non-speech sounds ([13], and related work of Baddeley in 
the same paper).  
 
 
 

2. Research topic: 
This thesis aims to investigate if persistent audio cues for menu navigation in a menu 
interface without visuals, assigned to the menu level depth parameter, has a different 
impact on a seeing subject user’s navigation performance (task completion time, number of 
keystrokes used) and preference (including annoyance, perceived ability to help the user find 
a target item quickest) than (repeated & non-repeated) non-persistent cues. 
 
 
 

3. Methodology: 
An experiment was performed in which subjects interacted with and evaluated a hierarchical 
auditory display menu interface prototype. The prototype recorded the users’ navigation 
along with the number of keystrokes used by the subjects and the time they used for 
completing item-finding tasks. 
 
 

3.1 Prototype software - Interface design and functionalities: 
An auditory display menu interface was programmed in Java, based on the structure of a 
hierarchical menu. For managing the programming of the project Easy Eclipse Desktop Java 
version 1.2.1 were used. The interface is aimed to visually able users familiar with 
hierarchical menus in common non-specific applications (GUIs of common software) and will 
run in a non-mobile scenario. The menu is based on an x/y grid system with squares where 
sonic menu items are allowed to be placed. A simple GUI allows the experiment leaders to 
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see the movements made by the subjects in the menu (no GUI will be available to the test 
subjects, see Experiment Design).  
The main categories are presented along the x-axis of the top row, while the items will be 
presented along the y-axis below each main category. Expanding the menu from the current 
to an adjacent frame is possible through squares containing a branch indicator.  
 
Menu movements are be mapped to the numerical pad arrow keys on a keyboard. Up and 
down keys will allow movements along the y-axis and left and right keys will allow the user 
to navigate the menu along the x-axis on squares containing main category items (top row) 
or a branch indicator.   
 
The top level of the hierarchy consists of category squares that are made up of combined 
regular squares, spanning across three columns and allows for immediate leaping from one 
category to another while all the other items are one square only (see figure 1). Each square 
will be able to play two sound files when navigated upon. The sounds will be representing 
navigation cue of current category, items, navigation cue of current frame and branch 
indicator (branches only). If the movement is within the same menu frame, the navigation 
cues will not be changed. 
 
 

 
 

Figure 2: the visual GUI and spatial layout of the auditory display menu interface prototype. The top 
row holds the category headlines, with menu frames underneath holding items and its submenus are 

placed on its left. Branch items are marked with a “>”. 
 
The software also has an output function that will log all the keys pressed by the user and 
print out the time when each of the keystrokes were registered. It also prints the grid 
coordinates for the positions visited by the user. To let the user “select” a folder the return 
key is pressed. This will create an empty row in the output data indicating the selection. Due 
to this the selection/finding of folders will have to be done in the order they are presented in 
the given task, since the menu is not reset (starting over from the top left corner), but 
continues from the last current position. By not going by the presented order, the risk is that 
the users will have to navigate over varying distances to find the same folder. 
 
As a reference for choice of the hierarchy size, inspiration was taken from a previous 
auditory display menu interface prototype designed by Brewster et al. [8] for an experiment 
that used 27 nodes (items) in 4 main categories and 3 levels.  
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In order to create an interface that would be even more difficult for the user to memorize, 
the amount of items were increased. The prototype menu built for this study is made up of a 
four main categories containing a number of items each, where some items are branching of 
in to deeper levels of the menu. The maximum number of depth levels available in the 
interface is three and the total number of items is 64. 
 
3.2 Interface layout 

3.2.1 Design criteria for the menu interface: 
The audio design of the menu interface is not context sensitive. An example of context 
sensitive audio design could be the using of music-based cues for the categorization of music 
playlists of various genres (i.e. a jazz cue for the jazz-playlists). For that reason, topics that 
might easily be described using sounds (ex. music playlists, sound effects etc.) have been left 
out. There might be a chance that such topics would be more easily associated and 
remembered when presented along with a sound. By making this design decision, questions 
from the subject users such as “Why doesn’t the item “jazz concerts” sound like jazz music?” 
was avoided. The purpose of this interface design was to build a prototype that allows for 
the testing of navigational cues rather then successful mappings of topics to sounds. In order 
to make all parts of the menu equally difficult to remember the menu instead describes the 
photo archive of a fictional free-lance photographer.  
 
The topics of the menu interface contents should also be based on fairly generic common 
knowledge in order to avoid confusing the subjects and giving advantages to subjects 
possessing such in-depth knowledge of such particular topics. 
 
 

 
 

Figure 3: The menu topics presented in English. The coloured areas represent the boundaries of each 
frame. Branch items are marked with an “>”. 

 
 
3.3 Audio design 

3.3.1 Fundamentals 
The auditory representation of the items is done using Spearcons. The reason for the choice 
of this method is that the spearcon have in recent studies been shown to be an easily 
learned and less difficult to understand compared to Auditory Icons and Earcons. Spearcons 
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are also quicker methods of presentation then speech, which might be useful for users that 
like to navigate menu hierarchies quickly. 
 

- The navigational cues are based on design principles from earcons.  
 
The reason for choosing an Earcon-inspired design is that they: 
 

- allow for using musical sounds which might work well against the (spoken) Spearcons 
in the mix of sounds presented to the users  

- and are suitable for making both persistent cues and short cues 
- are easy to produce (can be made with common tools for electronic music) 

 
In the sound design for the navigational audio cues for this study there are two functional 
aspects related to spatial location in the menu that need to be mapped to auditory 
parameters. These are the category (position in menu along the X-axis, excluding the X-
position inside each category) and level depth (position in menu along the Y-axis).  
 
3.3.2 Sound design criteria 
To ensure a successful design of the audio cues it was decided that the following criteria 
should be considered: 
 

1. Should not interfere with semantic content of the other cues in the interface (fit well 
in the mix to make sure the subjects can clearly hear the sonic structure) 

2. Should offer both looped (persistent) and short cues (non-persistent) possibilities 
3. Should fit the technological requirements of the prototype software (format, length…) 
4. Should not have sonic qualities that causes discomfort with the listeners (painful 

noises or bring attentional overload) or have similarities with distress signals (in order 
to avoid inconvenience and impact on the subjects) 

 
 
3.3.3 Sound design syntax 
The interface utilizes synthesizer tones and filtered noise timbres to generate the navigation 
cues. Noise, filtered with four different settings provides four timbres that provide each 
category with a unique audio cue. The filtered noise timbre is played constantly as the 
subject keeps the cursor in that specific category, and continuing over all the items in that 
category. 
 
Also to provide auditory parameters for the subjects to map spatial properties of the 
categories along the X-axis, a progression of tones has been used. From the first menu item 
in the category a note is played. The leftmost category plays a C2 note, the second a D2 note, 
the third an E2 note and the fourth plays an F#2 note. This provides a rising pitch as the user 
navigates from the left to the right among the categories, and an additional way of making a 
distinction between the categories by using pitch. 
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In the menu depth, or the Y-axis the above mentioned, to the synthesizer notes additional 
notes are added as the subjects navigates deeper into the structure. Since a category in this 
prototype has at most three menu frames depth-wise, the synthesizer tones will develop 
from a single tone at the first level of depth, to two notes being played at the second level 
and three notes (a triad chord) on the third level. The triad chords used on the third levels 
are all major chords voiced 1-5-3 (where the 3rd is an octave higher), since too close 
intervals would cause too much interference and “muddiness” among the synthesizer tones 
(and interfering with design criteria 1). Further details on the production of the cues are 
found in the following paragraphs. 
 
 

 
Figure 4: The mapping of auditory cues to spatial properties in the hierarchy as used in the prototype 
interface, illustrated for two categories (in total four). A timbre made of filtered noise is assigned to 
represent the current category, while synthesizer tones are representing the menu frames in each 

category.  
 
 

3.3.4 Persistent and short navigational cues 
For the sound design of the navigational cues it was decided that the persistent, short cues 
and the short repeated cues, should be meeting those descriptions in the sense that people 
would perceive them as persistent, short or repeated short. For that reason a few people 
outside of the project were asked to determine whether a set of three sound clips would 
match any of these descriptions. The sound clips used were selected from the three 
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conditions of navigational cues used in the prototype edited into 15 seconds long sequences 
allowing for longer looping playback and several repetitions. The questioned people 
confirmed the previously suggested definitions as correctly defined.  
 
The repetition intervals used for the short repeated cues were 4 seconds. 
 
 
3.3.5 Audio production and sound design  
Audio production goals (experience): 
 

- Minimalist sound design aesthetics 
- Make sounds comfortable to listen to 
- “Good enough” perceived quality 
 

Audio production goals (technical): 
 

- (Navigational cues) Category mapped to filtered noise timbres 
- (Navigational cues) Menu depth mapped to synthesizer pitch, timbre and rhythm 
- Easy to produce without the needs of special equipment 

 
For the navigational cues, a rather minimalist approach to sound design aesthetics was 
adopted. During the design phase, more intense sounds were tried, but they were 
considered by the author too annoying to listen to during the development process and the 
decision was made to change them since they might be perceived as too attention 
demanding by the users. Such sonic qualities would interfere with criteria 1, mentioned 
above. 
 
The sound design concept was to make sounds that were comfortable to listen to and that 
could be easily produced. The quality aims was to reach a level that provides well sounding 
sounds that could be produced without the need of easily available budget equipment, and 
no need for special recording facilities.  
 
The navigation cues for the categories aligned along the X-axis of the menu rely on the 
timbre parameter, and are made out of noise that are filtered using peak filters (Chebychev, 
band pass, with varying cut-off frequencies, pass ripple and order settings for each of the 
cues). The filters were used as a tool for creating timbres and therefore the pass ripple 
settings used were 20-30 dB. The goal for the design of the filtered noise cues was to make 
the distinctively different from each other.  
The navigation cues for the frame count under each category are produced using a VST-
synthesizer plug-in. The synthesizer uses two oscillators for the tone and a third for 
modulation and allows the parameters, pitch (both oscillators + the MIDI controlling of the 
sequencer used), timbre (oscillator type, filters), and rhythm (modulation oscillator). 
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3.3.6 Audio recording and editing 
The speech used for the spearcons were recorded with a male adult reader in a cellar room 
of about 4*7 meters with wooden floor, roof and wall panels providing room dry acoustics 
(see figure 4 for further descriptions on microphone placement). The mouth of the person 
reading the words was positioned a few centimetres from the microphone at a slightly offset 
angle (to the left) to avoid puff sounds from breath. The computer and audio interface were 
placed in an adjoining room to prevent unwanted background noise. The recording was 
made with 44.1kHz sample frequency and 24-bit resolution. The following equipment was 
used during the recording: 
 
PC acer laptop 
Focusrite Saffire audio interface 
Audio Technica ATM 31a cardioid condenser microphone 
Planet Waves XLR cable 
Ultrasone HFI-650 headphones 
Microphone stand 
Cubase LE sequencer software 
 
 

 
 

Figure 5: Placement of the microphone and talker for the recording of the voice parts of the prototype 
interface. 

 
The recorded audio exported to 44.1 kHz, 16-bit mono and was normalized and edited into 
single audio files. In a few of the recorded words it was necessary to filter out puff sounds 
from the speakers’ breath. This was done by reducing lower frequencies with a standard 
graphic equalizer. 
 
The following equipment was used during the editing and composition of the audio cues: 
 
PC acer laptop 
Focusrite Saffire audio interface 
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Ultrasone HFI-650 headphones 
Cubase LE sequencer software 
CM101 synthesizer VST-plugin2  
Adobe Audition 3 
 
 
3.3.7 Pilot testing and results 
The interface was initially planned to be tested by two pilot testers. Because of lack of time 
the pilot tests were limited to one test, repeated twice. In the first pilot test the subject used 
only one experiment condition in order to study whether the interface was usable at all. All 
of the three builds and the experiment design were not completely finished at this time, but 
it was decided that the pilot test was necessary to run in order to find out if there were any 
further changes needed for the interface and if there were any extra considerations 
necessary for the experiment design.  
For the test a fellow student with background in music, sound engineering and music 
production was used. The testing took place in a quiet room, using a low quality speaker set 
up (inferior to the speakers used in the actual experiments).  
 
The subject was asked to navigate and find a number of folders similarly to the tasks used in 
the full experiment (explained below). With some effort, the subject managed to learn and 
successfully navigate the interface and find the requested folders. Initially the subject had 
difficulties with understanding the structure of the interface and determining which items 
were which. But gradually the subject began to understand the interface and finally started 
to find the requested folders with an increasing speed.  
 
In all, the subject navigated the menu structure for about 13 minutes. After the find-folders 
task, the subject was informally interviewed about the interface. During the interview the 
subject complained about the filtered noises used in the sound design arguing that noises 
had a negative meaning to a sound engineer. The subject also told that navigating the 
interface was a new interaction experience.  
Also it was observed during the pilot test that the subject had some troubles with how some 
items were sorted within certain categories. An example of this would be to associate the 
location of the “mountain bike” item with the category “domestic” and item “nature” rather 
than with how it was sorted in the interface menu structure (under the  category 
“advertising” and submenus “vehicles/bicycles”). 
 
Six days later the same subject was tested again, this time using all three conditions as in the 
full experiment design. This time the subject performed the finding-folders task much better 
then during the first pilot test run. After completing the finding-tasks the subject explained 
that the subject couldn’t recall the differences between the three conditions. 
 
 
 
 

                                                 
2 Made by and distributed along with the paper edition of Computer Music magazine 
http://www.computermusic.co.uk/ 

http://www.computermusic.co.uk
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3.4 Experiment design and conditions 
Independent variables: audio cues for menu depth (looped cues vs. short repeated and non 
repeated cues). The tested conditions were organized in the following groups (starting with 
the conditions in the order as they are presented below): 
 

1. Persistent, repeated short, short cues 
2. Repeated short, short, persistent cues 
3. Short, persistent, repeated short cues 

 
Dependent variables:  
1) Subject performance in finding a specific menu item (task completion time and number of 
keystrokes used) 
2) Subject preference questionnaire (preference, annoyance, perceived ability to help the 
user find a target item quickest) and auxiliary questions and menu structure recall tasks  
 
Experimental procedure: 

1. Introduction and instructions 
2. Training session 
3. Performance evaluation tasks (tasks number 1:1-1:4) 
4. Preference questionnaire with auxiliary questions (tasks number 2:1-2:9) 
5. Data analysis 

 
12 subjects randomly assigned to begin with condition 1, 2 or 3. The subjects were mainly 
drawn from the population of students and teachers staff from all programmes at LTU (Luleå 
University of Technology).  
 
The experiment begins with an introduction to the interface and the scenario used for the 
folder hierarchy. The test is divided into two main tests. The first test is the performance test 
with tasks that allows the users to interact with the interface while the number of 
keystrokes used and task completion time is secretly registered. The second test is the 
preference test with a questionnaire that asks the subjects questions on preference, 
perceived annoyance, perceived helpfulness (which condition made the subject find the 
requested folder the quickest, along with a memory task and auxiliary questions on attitudes 
towards the technology used in the prototype interface. 
 
3.4.1 Training session 
In order to give the subjects an opportunity to become familiar with the interface and 
learning how to interact with it the experiment had four tasks rather then three (one for 
each condition). This way the first condition was presented again as condition 4 and 
condition 1 was treated as a training session, and its results were registered but not being 
used for further analysis. Due to the randomization of the conditions the one condition used 
in for the training session was randomized, resulting in a third of the subjects having training 
on each one of the conditions. The data from the training session was collected but not 
included in the experiment data. 
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3.4.2 Experiment facilities and documents 
The experiment was conducted in three locations following the same conditions:  
 

- a quiet room, not to big and reverberant 
- the subject is for the performance part of the experiment sitting by a table facing a 

neutral wall with a pair of active near-field monitors (Tapco S8 or Phonic P8A, both 
are of the same dimensions) providing the auditory output, placed at the end of the 
table 

- a keyboard and paper sheets with instructions are located on the table described 
above 

- a PC laptop is placed a few meters away, running the software programs used in the 
experiment 

- the experimenter is located in the same room as the subjects for changing between 
experiment conditions, providing support to the subjects and managing the collected 
data 

 
The introduction and instructions document along with the performance test documents 
(tasks 1:1 to 1:4) that were handed to the subjects during the experiment (in English and the 
translated Swedish version) is available in appendixes 1 and 2. The questionnaire (in English 
and the translated Swedish version used in the experiment) can be found in appendixes 3 
and 4.  
 
After tasks 1:1 to 1:4 was completed the subjects were asked to fill in the questionnaire 
containing the preference test and a number of auxiliary questions, see appendix 3 and 4 for 
the questionnaire and the translated Swedish version that was used in the experiment. This 
questionnaire was filled into a MS word document running on the laptop that was used to 
run the experiment prototype software. 
 
 

3.4.3 Questionnaire questions 
The questions 1, 2, 8 and 9 give the opportunity to study the users’ ability of recalling the 
folder hierarchy of the prototype interface. Question 1, 2 are given right after the completed 
performance test and questions 8 and 9 are at the end of the questionnaire. The reason for 
separating these recall tasks was to investigate if the memory of the folder hierarchy would 
have suffered from decay during the time the users were occupied with questions 3-7. 
Although the studying of recall ability and decay were not a part of the initial research 
questions, the inclusions of these questions may provide useful information of the subjects 
understanding of the interface, which was considered as something that may be useful for 
the discussion part of the this study. 
 
The questions 3, 4, 5 aims to study what condition the users preferred, the perceived 
annoyance of the conditions and which condition the users’ thought helped them find the 
requested folders the quickest. These questions also give the subjects a chance to motivate 
their replies using their own words. 
 



 19 

Question 6 aims to study the users’ perceived level of learning difficulty for the interface. 
This question also gives the subjects a chance to motivate their replies using their own 
words. 
 
Question 7 aims to study the users’ attitude towards using or buying an interface such as the 
one created for this experiment. This knowledge may be useful for companies developing 
products using auditory display interfaces. 
 
 

3.4.4 Data collection and post experiment managemen t 
The collected data from the performance test was copied from the console window in Easy 
Eclipse and then pasted into Microsoft Excel sheets. This was done between each of the 
tasks in the performance test along with the changing of the experiment conditions. The 
subjects’ questionnaire replies were typed straight into the Microsoft Word documents 
holding the questionnaire and were saved to disk once the questionnaire was completed.  
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4. Results  

4.1 Performance test 
Outliers 
In the experiment data two subjects’ task performances were detected as outliers by using 
GraphPad Software’s Outlier calculator3, based on Grubb’s test. These outliers are in both 
the task completion time data and the keystroke count data. 
An overview of the subjects’ task completion time including outliers, the tasks presented in 
the order they were completed (i.e. 1:2-1:4): 
 

 
 

Figure 6: Performance test results plot for task completion time. Two outliers are clearly visible. 
 
Also including the outliers, the task keystroke count summary, presented in the order the 
tasks were completed (i.e. task 1:2-1:4): 
 

                                                 
3 http://www.graphpad.com/quickcalcs/Grubbs1.cfm 
 

http://www.graphpad.com/quickcalcs/Grubbs1.cfm
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Figure 7: Performance test results plot for task keystroke count. Two outliers are clearly visible. 
 
 
Missing data 
There were also some cases were the data was corrupt. This had to do with subjects’ 
accidentally finding the folders in an order different from what is presented in the tasks. 
These data were not included in the test result. Instead they were replaced with mean 
values calculated from the other users’ performance in the corresponding task (folder name), 
cue, completion time or keystroke count.  
 
 
Results including the outliers 
The gathered raw data from the performance test is presented below. 
 
Explanation of tables: r = repeated short cues, s = short cues, p = persistent cues. Grey 
numbers = replaced missing data. 
 
Subject Cue Group Task Folder name Completion time Keystrokes used 

2 r 2 : r, s, p Task 1:2 Golf 22 23 
2 r 2 : r, s, p Task 1:2 Travel 6 13 
2 r 2 : r, s, p Task 1:2 Football EM 13 20 
2 r 2 : r, s, p Task 1:2 Stockholm Arch 61 49 
2 r 2 : r, s, p Task 1:2 City Bike 23 45 
2 s 2 : r, s, p Task 1:3 Russia 20 29 
2 s 2 : r, s, p Task 1:3 Crime 25 36 
2 s 2 : r, s, p Task 1:3 Cosmetics 10 22 
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2 s 2 : r, s, p Task 1:3 Horse Polo 8 14 
2 s 2 : r, s, p Task 1:3 Jämtland 10 16 
2 p 2 : r, s, p Task 1:4 Göteborg 5 10 
2 p 2 : r, s, p Task 1:4 Furniture 15 22 
2 p 2 : r, s, p Task 1:4 Asia 10 18 
2 p 2 : r, s, p Task 1:4 Fencing 5 18 
2 p 2 : r, s, p Task 1:4 Mountain Bike 13 23 
3 s 3 : s, p, r Task 1:2 Golf 66 33 
3 s 3 : s, p, r Task 1:2 Travel 34 22 
3 s 3 : s, p, r Task 1:2 Football EM 103 64 
3 s 3 : s, p, r Task 1:2 Stockholm Arch 287 199 
3 s 3 : s, p, r Task 1:2 City Bike 37 36 
3 p 3 : s, p, r Task 1:3 Russia 27 18 
3 p 3 : s, p, r Task 1:3 Crime 36 32 
3 p 3 : s, p, r Task 1:3 Cosmetics 17 18 
3 p 3 : s, p, r Task 1:3 Horse Polo 17 15 
3 p 3 : s, p, r Task 1:3 Jämtland 56 52 
3 r 3 : s, p, r Task 1:4 Göteborg 13 13 
3 r 3 : s, p, r Task 1:4 Furniture 18 17 
3 r 3 : s, p, r Task 1:4 Asia 26 17 
3 r 3 : s, p, r Task 1:4 Fencing 59 52 
3 r 3 : s, p, r Task 1:4 Mountain Bike 34 30 
4 p 1 : p, r, s Task 1:2 Golf 8 10 
4 p 1 : p, r, s Task 1:2 Travel 8 14 
4 p 1 : p, r, s Task 1:2 Football EM 21 21 
4 p 1 : p, r, s Task 1:2 Stockholm Arch 29 30 
4 p 1 : p, r, s Task 1:2 City Bike 24 31 
4 r 1 : p, r, s Task 1:3 Russia 22 34 
4 r 1 : p, r, s Task 1:3 Crime 15 18 
4 r 1 : p, r, s Task 1:3 Cosmetics 10 14 
4 r 1 : p, r, s Task 1:3 Horse Polo 16 12 
4 r 1 : p, r, s Task 1:3 Jämtland 10 13 
4 s 1 : p, r, s Task 1:4 Göteborg 4 9 
4 s 1 : p, r, s Task 1:4 Furniture 12 15 
4 s 1 : p, r, s Task 1:4 Asia 11 12 
4 s 1 : p, r, s Task 1:4 Fencing 15 14 
4 s 1 : p, r, s Task 1:4 Mountain Bike 30 26 
5 r 2 : r, s, p Task 1:2 Golf 9 10 
5 r 2 : r, s, p Task 1:2 Travel 24 21 
5 r 2 : r, s, p Task 1:2 Football EM 16,33333333 19,66666667 
5 r 2 : r, s, p Task 1:2 Stockholm Arch 49 45,33333333 
5 r 2 : r, s, p Task 1:2 City Bike 74,66666667 82,33333333 
5 s 2 : r, s, p Task 1:3 Russia 21 23 
5 s 2 : r, s, p Task 1:3 Crime 17 17 
5 s 2 : r, s, p Task 1:3 Cosmetics 15 14 
5 s 2 : r, s, p Task 1:3 Horse Polo 8 10 
5 s 2 : r, s, p Task 1:3 Jämtland 15 20 
5 p 2 : r, s, p Task 1:4 Göteborg 6 8 
5 p 2 : r, s, p Task 1:4 Furniture 12 12 
5 p 2 : r, s, p Task 1:4 Asia 10 15 
5 p 2 : r, s, p Task 1:4 Fencing 12 14 
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5 p 2 : r, s, p Task 1:4 Mountain Bike 13 17 
6 s 3 : s, p, r Task 1:2 Golf 6 10 
6 s 3 : s, p, r Task 1:2 Travel 13 20 
6 s 3 : s, p, r Task 1:2 Football EM 12 23 
6 s 3 : s, p, r Task 1:2 Stockholm Arch 14 38 
6 s 3 : s, p, r Task 1:2 City Bike 50 97 
6 p 3 : s, p, r Task 1:3 Russia 14 28 
6 p 3 : s, p, r Task 1:3 Crime 9 20 
6 p 3 : s, p, r Task 1:3 Cosmetics 7 16 
6 p 3 : s, p, r Task 1:3 Horse Polo 3 13 
6 p 3 : s, p, r Task 1:3 Jämtland 11 29 
6 r 3 : s, p, r Task 1:4 Göteborg 3 8 
6 r 3 : s, p, r Task 1:4 Furniture 4 15 
6 r 3 : s, p, r Task 1:4 Asia 5 16 
6 r 3 : s, p, r Task 1:4 Fencing 4 17 
6 r 3 : s, p, r Task 1:4 Mountain Bike 18 53 
7 p 1 : p, r, s Task 1:2 Golf 14,5 17 
7 p 1 : p, r, s Task 1:2 Travel 8,5 12 
7 p 1 : p, r, s Task 1:2 Football EM 21,5 15 
7 p 1 : p, r, s Task 1:2 Stockholm Arch 26 32 
7 p 1 : p, r, s Task 1:2 City Bike 33 47,5 
7 r 1 : p, r, s Task 1:3 Russia 31 27 
7 r 1 : p, r, s Task 1:3 Crime 34 31 
7 r 1 : p, r, s Task 1:3 Cosmetics 17 15 
7 r 1 : p, r, s Task 1:3 Horse Polo 10 10 
7 r 1 : p, r, s Task 1:3 Jämtland 16 14 
7 s 1 : p, r, s Task 1:4 Göteborg 8 9 
7 s 1 : p, r, s Task 1:4 Furniture 15 14 
7 s 1 : p, r, s Task 1:4 Asia 19 15 
7 s 1 : p, r, s Task 1:4 Fencing 18 16 
7 s 1 : p, r, s Task 1:4 Mountain Bike 20 17 
8 r 2 : r, s, p Task 1:2 Golf 8 10 
8 r 2 : r, s, p Task 1:2 Travel 20 24 
8 r 2 : r, s, p Task 1:2 Football EM 13 16 
8 r 2 : r, s, p Task 1:2 Stockholm Arch 30 31 
8 r 2 : r, s, p Task 1:2 City Bike 76 76 
8 s 2 : r, s, p Task 1:3 Russia 27 25 
8 s 2 : r, s, p Task 1:3 Crime 86 65 
8 s 2 : r, s, p Task 1:3 Cosmetics 13 13 
8 s 2 : r, s, p Task 1:3 Horse Polo 11 12 
8 s 2 : r, s, p Task 1:3 Jämtland 14 17 
8 p 2 : r, s, p Task 1:4 Göteborg 5 6 
8 p 2 : r, s, p Task 1:4 Furniture 14 16 
8 p 2 : r, s, p Task 1:4 Asia 17 18 
8 p 2 : r, s, p Task 1:4 Fencing 13 18 
8 p 2 : r, s, p Task 1:4 Mountain Bike 87 90 
9 s 3 : s, p, r Task 1:2 Golf 39 41 
9 s 3 : s, p, r Task 1:2 Travel 7 12 
9 s 3 : s, p, r Task 1:2 Football EM 15 18 
9 s 3 : s, p, r Task 1:2 Stockholm Arch 31 31 
9 s 3 : s, p, r Task 1:2 City Bike 39 45 
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9 p 3 : s, p, r Task 1:3 Russia 17 24 
9 p 3 : s, p, r Task 1:3 Crime 10 18 
9 p 3 : s, p, r Task 1:3 Cosmetics 7 13 
9 p 3 : s, p, r Task 1:3 Horse Polo 9 12 
9 p 3 : s, p, r Task 1:3 Jämtland 19 15 
9 r 3 : s, p, r Task 1:4 Göteborg 3 6 
9 r 3 : s, p, r Task 1:4 Furniture 13 13 
9 r 3 : s, p, r Task 1:4 Asia 7 11 
9 r 3 : s, p, r Task 1:4 Fencing 8 14 
9 r 3 : s, p, r Task 1:4 Mountain Bike 10 17 

10 p 1 : p, r, s Task 1:2 Golf 21 24 
10 p 1 : p, r, s Task 1:2 Travel 9 10 
10 p 1 : p, r, s Task 1:2 Football EM 22 9 
10 p 1 : p, r, s Task 1:2 Stockholm Arch 23 34 
10 p 1 : p, r, s Task 1:2 City Bike 42 64 
10 r 1 : p, r, s Task 1:3 Russia 20 30 
10 r 1 : p, r, s Task 1:3 Crime 14 17 
10 r 1 : p, r, s Task 1:3 Cosmetics 9 14 
10 r 1 : p, r, s Task 1:3 Horse Polo 8 10 
10 r 1 : p, r, s Task 1:3 Jämtland 9 16 
10 s 1 : p, r, s Task 1:4 Göteborg 6 6 
10 s 1 : p, r, s Task 1:4 Furniture 11 11 
10 s 1 : p, r, s Task 1:4 Asia 10 11 
10 s 1 : p, r, s Task 1:4 Fencing 14 14 
10 s 1 : p, r, s Task 1:4 Mountain Bike 24 28 
11 r 2 : r, s, p Task 1:2 Golf 13 10 
11 r 2 : r, s, p Task 1:2 Travel 27 21 
11 r 2 : r, s, p Task 1:2 Football EM 23 23 
11 r 2 : r, s, p Task 1:2 Stockholm Arch 56 56 
11 r 2 : r, s, p Task 1:2 City Bike 125 126 
11 s 2 : r, s, p Task 1:3 Russia 47 49 
11 s 2 : r, s, p Task 1:3 Crime 22 25 
11 s 2 : r, s, p Task 1:3 Cosmetics 12 15 
11 s 2 : r, s, p Task 1:3 Horse Polo 9 12 
11 s 2 : r, s, p Task 1:3 Jämtland 13 17,66666667 
11 p 2 : r, s, p Task 1:4 Göteborg 12 14 
11 p 2 : r, s, p Task 1:4 Furniture 9 14 
11 p 2 : r, s, p Task 1:4 Asia 9 12 
11 p 2 : r, s, p Task 1:4 Fencing 11 16 
11 p 2 : r, s, p Task 1:4 Mountain Bike 283 307 
12 s 3 : s, p, r Task 1:2 Golf 82 53 
12 s 3 : s, p, r Task 1:2 Travel 16 12 
12 s 3 : s, p, r Task 1:2 Football EM 28 18 
12 s 3 : s, p, r Task 1:2 Stockholm Arch 126 82 
12 s 3 : s, p, r Task 1:2 City Bike 64 43 
12 p 3 : s, p, r Task 1:3 Russia 34 23 
12 p 3 : s, p, r Task 1:3 Crime 29 20 
12 p 3 : s, p, r Task 1:3 Cosmetics 14 13 
12 p 3 : s, p, r Task 1:3 Horse Polo 37 27 
12 p 3 : s, p, r Task 1:3 Jämtland 36 27 
12 r 3 : s, p, r Task 1:4 Göteborg 8 8 



 25 

12 r 3 : s, p, r Task 1:4 Furniture 21 17 
12 r 3 : s, p, r Task 1:4 Asia 12 11 
12 r 3 : s, p, r Task 1:4 Fencing 34 20 
12 r 3 : s, p, r Task 1:4 Mountain Bike 63 43 

 
Table 1: Performance test raw data. 

 
 
The following numbers were calculated from the gathered experiment data presented above. 
 

Group Mean Completion time Mean Keystrokes used 
1 : p, r, s 17,07777778 19,16666667 
2 : r, s, p 27,55 30,68333333 
3 : s, p, r 30,68333333 28,8 
2 : W.O outliers 23,22033898 26 
3 : W.O outliers 26,33898305 25,91525424 
   
Task Std Dev. Completion time Std Dev. Keystrokes used 
Task 1:2 44,35822909 33,08168845 
Task 1:3 14,11122246 10,78469007 
Task 1:4 39,06320528 41,27282962 
   
Cue Std Dev. Completion time Std Dev. Keystrokes used 
r 22,79076906 21,58411798 
s 43,26690324 29,88769101 
p 38,4458209 41,04670699 
   
Group Std Dev. Completion time Std Dev. Keystrokes used 
1 : p, r, s 8,565891369 11,26337589 
2 : r, s, p 41,15447108 42,59680125 
3 : s, p, r 41,72610111 28,59406125 

 
Table 2: Further calculations based on the performance test raw data in table 1. 

 

4.2 Questionnaire results 
Presented here are the summarized results from the questionnaire. See appendix 5 for the 
results of questions 3.1, 4.1, 5.1 and appendix 6 for the results of questions 6.1, 7.1, and 7.2.  
 
The menu structure memory of location tasks 1-2 and 8-9 are presented together since they 
are related. The shaded squares indicated the actual position of the requested folders. 
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Memory tasks in the beginning of the questionnaire: 
 
1. Memory of location task 
 

*            
x            
X            

 
X, x, x, x, 
x,           

    x        
 X           
 x           
            
X            
 x           
            
            
 
2. Memory of location task 
 

*            
      x      
       x     
       X     
            
    x   X, x     
       X,  x    
       X     
       X, x     
        x    
            
            
 
 
Memory tasks at the end of the questionnaire: 
 
8. Memory of location task 
 

*            

    
X, x, X, 
X, x,          

    x        
    X        
            
 X   x    x    
     X       
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9. Memory of location task 
 

*            
          X, X, x,   
          x x 
          X, x  
         X X  
            
           x 
            
  X         x 
            
            
            
 
 
The rest of the questionnaire questions, presented in order: 
 
3. Which one of the software configurations did you prefer the most?  
(Please type the number “1” in the box next to the one statement that matches your answer, 
choose only the most preferred) 
 

 
All 
groups 

short 1 
persistent 5 
rep. short 5 

 
 
3.1. Why did you find this particular build the most preferable? Describe in a few sentences. 
 
Notable results from the subjects’ replies to this question include that three subjects 
answered that their configuration of choice (2 rep. short, 1 persistent) was comfortable to 
listen to. Three subjects also replied that they preferred that one configuration because they 
had learnt the menu hierarchy well by then and one answered that the reason for preferring 
the chosen configuration was because the tasks took the shortest time to complete (using 
that configuration). One subject motivated the choice of preferred condition saying the 
(persistent condition) had sounds in the background besides the voice. 
Five subjects gave replies including that they didn’t remember the configurations well, or 
gave replies contradicting themselves or claiming that they heard sounds that didn’t exist in 
the prototype (feedback from pushing the return key).  
 
 
4. Which one of the software builds did you find the most annoying?  
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(Please type the number “1” in the box next to the one statement that matches your answer, 
choose only the most preferred) 
 

 
All 
groups 

short 3 
persistent 5 
rep. short 3 

 
4.1. Why did you find this configuration the most annoying? Describe in a few sentences. 
 
The notable results from 4.1 shows that four subjects replied that they thought the 
conditions they perceived as most annoying was because they didn’t feel used to the 
interface at that time or that they thought the tasks took too long time to complete using 
the chosen (configuration 1, 1, 1 and 4) configurations. 
Seven subjects gave replies that the sound design had various flaws that annoyed them, the 
character of the sounds (persistent 2, rep. short 1), syntax (3), and the lack of feedback, (1).  
 
 
5. Which one of the software configurations did help you find the target folders the fastest? 
(Please type the number “1” in the box next to the one statement that matches your answer, 
choose only the most preferred) 
 

 
All 
groups 

short 4 
persistent 3 
rep. short 4 

 
 
5.1. Why did you find this particular configuration the most helpful? Describe in a few 
sentences. 
 
Notable results from question 5.1 shows that 5 subjects replied that the last two 
configurations (3, 3, 3, 4, 4) were the most helpful in finding the requested folders (although 
some of the subjects mentioned that they were not too sure about their replies) because 
they had gotten used to the structure of the menu. Two subjects (replying the short and 
persistent cues) claimed that the sounds helped them complete the tasks better. 
 
6. Learning to use this interface was (please type the number “1” in the box next to the one 
statement that matches your answer, choose only the most preferred): 
 

Very Easy 4 
Easy 4 
Difficult 4 
Very Difficult 0 
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6.1 Please describe why it was easy or difficult. What made it that way? 
 
On this question the notable results showed that the interface was intuitive (1 subject) or 
logically structured (3 subjects). It became easier to use the interface towards the end of the 
session (3 subjects). And five subjects mentioned that they created an image of the menu 
structure in their minds. 
Two subjects also replied that it was difficult because it required more thinking then a visual 
display. 
 
7. Would you consider buying/using a device that utilized sound based menus like the one 
you just have tried (type the number “1” in the box next to the statement that best matches 
your answer)? 
 

No 4 
Yes 8 

 
 
7.1 Why/why not? 
 
Notable results from this question shows that three subjects replied that the interface was 
pleasant or fun to use, three subjects replied that it could be useful in technological 
applications and three subjects replied that they would rather prefer visual displays. 
 
 
7.2 Would you prefer to see this type of interface in a certain type of device or application? 
Which ones? Please explain in a few sentences. 
 
The subjects replied that they would like to see this kind of display in aids for visually 
impaired people, phone customer service (voice user interfaces), mobile phones, in 
situations of multitasking, GPS for cars, web page navigation aids, mp3-players, simple menu 
systems, most appliances in a home (ex. whitegoods). 
 
 

5. Statistical analysis 
Using the SigmaPlot 11.0 software, two-factor ANOVA’s were run (alpha set to 0.05). There 
were no significant results found indicating any of the cues being better then another cue.  
 
The significant results found were among the tasks. In task completion time the subjects 
performed significantly better in task 1:3 and 1:4 compared to task 1:2. 
 

 Completion time Keystrokes used 
Task 1:2 vs. Task 1:3 p = 0,026 p = 0,034 
Task 1:2 vs. Task 1:4 p = 0,044 - 

 
Table 3: Significant findings among tasks 
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Also there were significant differences found in completion time subject three and a number 
of other subjects. But there were no significance in the amount of keystrokes the subjects 
used to complete the tasks. 
 

 Completion time 
3 vs. 6 p = 0,004 
3 vs. 9 p = 0,015 
3 vs. 4 p = 0,016 
3 vs. 10 p = 0,018 
3 vs. 2 p = 0,02 
3 vs. 7 p = 0,048 

 
Table 4: Significant findings among subjects 

 
The ANOVA tests also revealed significant differences in completion time and keystroke 
count among some of the different folders. This is not discussed or presented further since it 
only illustrates that the finding tasks have varying degrees of difficulties. 
 
 

6. Discussion of results 
 
6.1 Performance test 
 
Groups 
Although there were no detected significant differences, the results show that group 1 had 
the best performance test rates (mean completion time and keystroke count). This group 
has however no outlier affecting the results. Without the outliers in group 2 and 3, group 1 
still remains the group that has the best performance test results. If the subject pool had 
been larger and the differences in the results would remain, it could show that using 
persistent cues during the early stage of learning the prototype interface could have 
beneficial effects on the trained subjects’ performance results.  
 
Configurations - Cues 
Since no statistically significant differences were found by the ANOVA, none of the tested 
types of cues could be proved for giving better or worse performance rates. Factors that 
have influence on these results are the small subject pool and the outliers in the data (the 
outliers are discussed further in the end of the discussion section).  
 
Improvement 
The subjects performance results got better with every task completed (each task, includes 
finding 5 folders). The improvements in keystroke count from task 1:2-1:3 and 1:2-1:4 were 
proven significant, along with the improvement in task completion time from 1:2-1:3. This 
shows that the subjects were able to become more skilled with the interface quickly despite 
it being an auditory display interface. 
These finding gives an insight about at what pace a user is able to learn an auditory display 
interface of this kind. After 10 finding tasks the subject had improved significantly. 
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Standard deviations 
The standard deviation of the collected data reflects the “evenness” of a subjects’ 
performance. A high standard deviation indicates that a subject performs irregularly which 
may be due to lack of skill with using the interface or that the tasks performed have a 
varying level of difficulty.  
The standard deviations in completion time and keystroke count for group 1 (p, r, s) were 
much lower than for the two other groups. The standard deviation for the tasks were for 
completion time highest for task 1:2 and lowest for task 1:3. For keystroke count, task 1:4 
had the highest standard deviation task 1:3 the lowest. For Cue (conditions) the repeated 
short cue (r) had the lowest standard deviation in both completion time and keystroke count, 
while the short cue (s) had the highest standard deviation in completion time and the 
persistent cue had the highest in keystroke count. 
These results are impacted by the outliers. 
 
 
6.2 Questionnaire questions: 
The memory of location tasks showed that the users could remember the interface menu 
structure with some accuracy, although far from perfectly. A quick visual comparison shows 
no signs of decay between the tasks in the beginning of the questionnaire and those in the 
end.  
 

3. The short cues were least preferred (1), while the two other cues were equally 
preferred (5). This shows that some kind of repeating should be considered in the 
design of navigational cues. 

 
3.1 What could be learnt from the subjects’ motivations for their choices in the previous 
question, was that some of them used the terms pleasant or comfortable (behagligt in 
Swedish) when describing the sounds. These descriptions could be attributes to use in 
the evaluation of auditory display aesthetics. Also from the replies to this question was 
found that the subjects mentioned their level of understanding the menu interface 
structure at the same time as describing their most preferred configuration. This could 
have to do with that the activity of performing the tasks overshadowed the importance 
of the navigation cues. This is also supported by those who replied that they had less 
strong memory of the different configurations. 
 
4. The persistent cues were considered the most annoying although the differences 

here are very small (short: 3, persistent: 5, rep. short: 3). Notable here is also that 6 
out of 11 found the cues for the last task (1:4) the most annoying. This could be 
because of the subjects getting tired of interacting with the interface. 

 
4.1 Also here, as in 3.1, it is reflected in the subjects’ motivations how they found that 
their level of understanding the menu’s structure is related to the configuration they 
found the most annoying. The lower level of understanding they felt they had at that 
time, the more annoying the configuration was perceived. This could lead to the 
question whether if a subject that is annoyed by his/her difficulties with learning an 
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interface will think the sounds attached to the interface is more annoying than a user 
that had no difficulties learning the interface. The subjects’ replies also gave suggestions 
for working on further improvements of the sound design and syntax. 

 
5. None of the cues were considered by the subjects to be notably better at helping 

them to quickly find the requested folders. Noteworthy here is that the third task 
(1:3) had the most positive replies (6 out of 11). A reason for this might be that the 
subjects found themselves quickly improving at this time during the test. This is also 
supported by the performance test data (as mentioned in the previous paragraph). 

 
5.1 Also on the replies to this question the users considered the configurations in the 
latter half of the performance test the one configuration that helped them find the 
requested folders quickest. This gives further support to the discussion regarding the 
users understanding of the interface and the perceived qualities of it. 
 
6. As previously mentioned, the interface was considered more easy to learn (easy: 4, 

very easy: 4) then difficult (difficult: 4). The data from the performance test showing 
the subjects rapid improvement in performance supports this. 

6.1 In the replies to this question, the subjects give reflections on how they learned the 
interface. The creating of an image of the menu hierarchy in their minds gives an insight 
to how some subjects approach the learning, and this could be interesting material for 
further studies.  

 
7. A majority of the subjects were positive towards buying or using interfaces utilizing 

sound based menus like the one used in the interface.   The subjects who were 
negative in their replies to this question argued (see appendix 5 for questionnaire 
replies) that: the interface was difficult to use, found it annoying, they preferred 
visual interfaces, found it difficult to make a mental image of the structure, had no 
need for such an interface.   The users who gave positive answers to the same 
question argued that: it was easy to use, it was fun to use, it would be good for 
people with dyslexia, would be good for portable device and could even make them 
more portable without a visual display. 

 
7.1 and 7.2 The subjects showed some positive attitudes towards the technology used in 
the prototype and gave several suggestions for areas of applications. White goods were a 
particularly unexpected suggestion that should be further researched.  

 
 
 
In an attempt to investigate the subjects’ strategies for exploring the interface and the paths 
they took when looking for requested folders, plots were made trying to illustrate their 
navigated paths. Because of limited time it was not possible to make plots of all the subjects 
navigation histories, instead two examples were picked for presentation in this report.  
The two plots show subject 3 and 6 navigated path to finding the folder 
“Stockhom/archipelago”. Subject three’s performance resulted in an outlier performance, 
using 199 keystrokes over 4 minutes and 47 seconds. To compare with this, subject 6, 
belonging to the same group, performed the same task using 38 keystrokes over 14 seconds. 
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The following plots show the cells in the interface that the subjects visited on their way to 
the target folder. 
 

Navigation path, subj. 3, Outlier

navigation path, subj. 3

 
 

 

Navigation path, subj. 6

navigation path, subj. 6

  
Figure 8-9: Plotted navigation paths of subjects 3 and 6. 

 
It is clear from studying the plots and the data output from the prototype software that 
subject 3 navigated across the same items several times before finding the right way to the 
target folder. 
The following plot shows the navigation path of the second outlier data collected from 
subject 11, showing the subjects path to finding the folder “Mountain bike”, completing the 
task using 307 keystrokes over 4 minutes and 43 seconds. Here it is clear that the subject has 
been looking for the target folder in more then in the plots above, although not the whole 
hierarchy was browsed. There is however still much navigating back and forth between the 
categories while searching. 
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Navigation path, subj. 11, outlier

navigation path, subj.
11

 
 

Figure 10: Plotted navigation path of subject 11. 
 
The reason why the outliers have occurred is still unclear. It could depend on the design of 
the interface, the experiment tasks, or that the subjects temporarily got lost. The two of 
them have occurred in different parts of the performance test (in the beginning and at the 
end), and the only things they have in common is that they required similar amounts of time. 
The outlier that occurred in the beginning of the test could have been due to learning issues, 
and the outlier at the final performance task could have been caused by fatigue. The 
subjects producing the outlier both had lesser performances then average subject 
performance within their groups (nearly twice or more then twice). This could indicate that 
some subjects are more likely to produce outliers in this context then others although 
further research must be done before any conclusions can be made. 
 

7. Experiment weaknesses 
This interaction environment might have been an unusual situation for the subjects since 
they likely have had limited experience of auditory displays, and especially in a staged 
experiment situation like the one in this study. Adding a question about the subjects 
previous experiences with auditory displays would have given more insight in this and more 
control over the results. Some of the subjects were much quicker then others, possibly due 
to them having a greater experience with computer interfaces in general, acquired from 
professional use of computers or frequent playing of computer games. 
Also, providing the subjects with prototypes to learn and evaluate over a longer period of 
time might reduce the effects of the users learning ability with the prototype that may have 
impacted the results of the experiment. 
 
From the resulting data there are some cases where the subjects seem confused about the 
whereabouts of some folders. This would bring along unnecessary long task completion 
times and the number of keystrokes used increased. The logics behind the organization of 
the folders could have had an impact on the subjects. Folder structures are in general (on 
people’s home/work computers) however not ensured to be completely logically structured 
especially when they are created by the users themselves.  
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In order to take measure for avoiding issues with hierarchical structures and the organization 
of topics in interface design, inspiration could be taken from network models (in cognitive 
science) such as the hierarchical semantic network by Collins and Quillian (in [Friedenberg, 
Silverman, 2006]). Such models could provide a detailed description of the logics behind the 
hierarchy to attach with the experiment instructions to give the subjects a guideline of how 
they should think when looking for an item in the menu hierarchy. 
 
With a short training session as used in this experiment the users were still very naïve. If the 
subjects had more training before the experiment the results might have turned out 
differently. If a separate pre-experiment training session would have been offered the 
subjects would have been much better prepared. This was not possible to realise for this 
experiment because of limited time and of other practical reasons. Normally (with the 
exception for interfaces used in public spaces, such as ticket vending machines and 
automatic teller machines) a user of an interface would have much longer learning period 
before being able to use the interface at an average skill level. 
 
The aesthetics of the auditory display interface might also have had an impact on the 
subjects. The aesthetics in the case would mean what sounds are used and how the sounds 
are composed. If the aesthetics are perceived negatively by a subject, he or she might 
respond more negatively on evaluations. More about aesthetics is discussed under the 
future research section. 
 
There is also a possibility that the subjects had poor memory of the conditions in the 
experiment. If this happened the findings should be considered less strong. A way to 
investigate this would have been to include questions asking the subjects to describe the 
conditions that they were exposed to during the test.  
 
It could also have been a good idea to more clearly explain the role of the navigational cue 
sounds. This could have made the subjects more alert on the differences between the 
conditions. In this test the instructions only provided information on how the branch cues 
worked. The consequences of this is that the data collected reflects how subjects could react 
to an auditory display that they are naïve to and thus the learning of the interface becomes 
particularly interesting. 
 
In the questionnaire the subjects were allowed to choose the training session condition, 
leading to the consequence that there was a possibility that if they remembered the 
conditions poorly could have confused them.  
 
There is also a consistency issue with the prototype hierarchy. Ideally to keystroke order for 
navigation should have been from the main category heading (keystroke) left, to enter the 
main frame, and from there the keystroke order could be as the one already in use (see fig. 
11). This would give a more consistent navigation path, which may be of importance since 
there is no visual map of how the hierarchy looks to support the subjects, which in turn 
might make the menu hierarchy easier to grasp. The reason why the current model was used 
is that it was much easier and less time consuming to realise the coding of that model. 
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Figure 11: A more consistent model of the hierarchy in terms of which keystrokes used for navigation. 
 
 
7.1 Observations made during the experiment 
While running the experiment it was observed although not recorded that many subjects 
were staring at the instructions papers while doing the performance test. This brings up the 
question of how “eyes-free” this interface actually is. 
 
The subjects who were getting the best performance results were people with much 
experience from computer user interfaces, (ie. computer enthusiasts). 
 
Some subjects talked after the experiment about how they had been creating a mental 
image of how the interface structure would look like. Some of them were surprised when 
they were shown the visual layout of the interface, claiming that they had imagined it 
differently.  
 
Some of the subjects also mentioned that they were mapping the spatial layout of the menu 
to muscle memory rather than relying on the auditory cues. It was also observed that some 
subjects were doing keystroke hand movements when doing the memory of location tasks in 
the questionnaire.    
 
 
 
 

8. Conclusions  
An auditory display menu interface prototype was built and an experiment was performed in 
order to study the differences between short cues, repeated short cues, and persistent cues 
for conveying information about position in a hierarchical menu with 64 items and three 
levels of depth in four categories. The experiment began with performance tasks, recording 
the subjects’ keystrokes and task completion time. The second part of the experiment 
involved a questionnaire that asked about preference, perceived annoyance, and perceived 
ability to help the subjects complete the tasks the quickest. There were also a number of 
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auxiliary questions concerning memory of the interface structure, ease of learning, and the 
subjects’ attitude towards the prototype interface. 
 
The results showed no significant differences between the different types of navigational 
cues. A larger pool of subject may bring different results. The collected data showed how the 
subjects improved their skill with the interface rapidly. 
 
 

9. Further development of prototypes: 
Based on the findings from the experiment and observations made during its duration, the 
following features could be implemented: 
 
“folder found”-cue:  to give feedback from the push of the enter button. This could be taken 
even further by adding different audio cues for “correct folder found” and “incorrect folder 
found”. 
 
Implementing improved consistency in the order of keystrokes, as proposed in the 
Experiment weaknesses section (see above).  
 
 
 

10. Future research: 
The interface could also be tested with subjects who are allowed to see the visual interface 
and a comparison of their results could be made with the other (audio only) results to see if 
and how their performance rates will be different.  
 
Investigating the effects of aesthetics in sound design for auditory display. 
 
 
Testing how eyes free the interface is: presenting the users with an additional visual stimulus, 
while navigating the menu in order to see how well they are able to use it while being 
distracted. 
 
Investigating the connection between muscle memory (from the input device) and auditory 
displays… 
 
Investigating subjects’ ability to form and present (visually) mental images of auditory 
display interface layouts… 
 
Also, investigating different hierarchical types/spatial mappings that could be useful in 
auditory display menu interfaces and how these types relate to the previously mentioned 
suggestion for future research. 
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Conducting further research on auditory displays and learning, and researching new tools for 
studying how subjects learn how non-visual interfaces are working. 
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12. Appendixes: 
 
 
 

Appendix 1, Introduction, instructions and performa nce test (English): 

Dear participants, please read this information first! 
 

Introduction 
 
Thank you very much for participating in this research study. You are now about to take part 
in an evaluation of an auditory display menu interface. In this auditory display uses sound 
only. It is like visual display that uses only visuals. Since this interface is an audio only 
interface, meaning that you will not be looking at a screen at all. You only need to be paying 
attention to the sounds coming from the loudspeakers.  
 
This experiment consists of 4 tasks and 13 questionnaire questions. It will take about 20 
minutes to complete. 
 
 
Instructions  
 
Please don’t start exploring the interface until you are told to do so. If you have any 
questions, feel free to ask the experiment leader at anytime during the experiment. 
 
In the menu hierarchy there are main category headings at the highest level. These headings 
have menu options under them. These options branch out into submenus.  You navigate by 
using the arrow keys marked on the numerical pad (far right side) on the keyboard in front 
of you. The scenario for this menu is as follows: 
Using the interface, you will navigate the structure of the image archive of a freelance 
photographer. The photographs are grouped by subject into folders. The folders are divided 
into different general categories with descriptive names. Each of the folders holds images of 
the same subject. Under the categories are menu options. You are able to navigate the 
folder structure and discover what types of subjects the photographer has been taking 
pictures of. The names of the folders will be read aloud to you by the auditory display.  
At some locations in the menu you will hear a “ping” sound. This indicates that there is a 
submenu available. You can open these by moving sideways with the arrow keys. You move 
to the right to go to the submenu and you move to the left to leave the submenu and its top 
item. 
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Between the tasks presented below, the system will change configurations of the auditory 
display presenting different sets of auditory configurations. After completing those tasks you 
will be asked to evaluate these configurations.  
 
There are in all, four category headings aligned horizontally at the top of the menu. You will 
be starting at the heading located at the far, upper left.  
 
 
Tasks 1:1 to 1:4 were presented as the following: 
 

Task 1: Finding folders 
Navigate the interface to complete the following tasks. 
 
 
Task 1:1 
After you have found each requested folder, press the “Return” key on the keyboard to 
indicate that you have made your selection After that you may move on to find the next 
folder. Using interface configuration 1 - Please locate the following folders: 
 
Find the folder “Cambodia”  
Find the folder “Family Cars”  
Find the folder “Nature”  
Find the folder “Poland”  
Find the folder “MC”  
 
After you have found all five folders tell the experiment leader that you are ready to move on 
and await clearance to continue. 
 
 
Task 1:2 
 
After you have found a requested folder, press the “Return” key on the keyboard to indicate 
that you have made your selection. After that you may move on to find the next folder. Using 
interface configuration 2 - Please locate the following folders: 
 
Find the folder “Golf”  
Find the folder “Travel”  
Find the folder “Fotball/EM”  
Find the folder “Stockholm/Archipelago”  
Find the folder “City Bike”  
 
After you have found all five folders tell the experiment leader that you are ready to move on 
and await clearance to continue. 
 
 
Task 1:3 
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After you have found a requested folder, press the “Return” key on the keyboard to indicate 
that you have made your selection. After that you may move on to find the next folder. Using 
interface configuration 3 - Please locate the following folders: 
 
Find the folder “Russia” 
Find the folder “Crime” 
Find the folder “Cosmetics” 
Find the folder “Horse Polo” 
Find the folder “Jämtland” 
 
After you have found all five folders tell the experiment leader that you are ready to move on 
and await clearance to continue. 
 
 
 
Task 1:4 
After you have found a requested folder, press the “Return” key on the keyboard to indicate 
that you have made your selection. After that you may move on to find the next folder. Using 
interface configuration 4 - Please locate the following folders: 
 
Find the folder “Göteborg” 
Find the folder “Furniture” 
Find the folder “Asia” 
Find the folder “Fencing” 
Find the folder “Mountain Bike” 
 
After you have found all five folders tell the experiment leader that you are ready to move on 
and await clearance to continue. 
 
 
 

Appendix 2, Introduction, instructions and performa nce test (Swedish): 
 

Bäste deltagare, vänligen läs denna information först! 
 

Introduktion 
 
Tack så mycket för att du deltar i denna studie. Du kommer nu att vara delaktig i en 
utvärdering av ett auditory display menyanvändargränssnitt. Denna auditory display 
använder enbart ljud för att presentera information, på samma sätt som en visuell display 
använder sig utav enbart visuella medel. Eftersom att användargränssnittet använder sig 
enbart utav ljud kommer du inte att titta på en bildskärm alls. Du behöver bara vara 
uppmärksam på ljudet som kommer från högtalarna. 
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Det här experimentet består av 4 uppgifter och 13 enkätfrågor. Det kommer att ta ungefär 
20 minuter att genomföra. 
 
 
Instruktioner  

 
Vänligen börja inte utforska användargränssnittet förrän du blir ombedd att göra det. Om du 
har frågor kan du ställa dem till experimentansvarig när som helst under experimentet. 
 
I menyns hierarki finns huvudkategorier på den översta nivån. Dessa rubriker har 
menyalternativ under dem. Dessa menyalternativ förgrenar sig även till undermenyer. Du 
navigerar genom att använda pil tangenterna på siffersatsen längst till höger på 
tangentbordet framför dig. Scenariot är det följande: 
 
Genom att använda gränssnittet kommer du att navigera bildarkivet tillhörande en 
frilansfotograf. Fotografierna är ordnade i mappar. Mapparna är uppdelade i olika generella 
kategorier med beskrivande namn. Varje mapp innehåller bilder av det beskrivna ämnet. 
Under kategorierna finns menyalternativen. Du har möjlighet att navigera mappstrukturen 
och upptäcka vilken typ av ämnen som fotografen har tagit bilder utav. Namnen på 
mapparna kommer att läsas upp av användargränssnittet. På vissa ställen i menyn kommer 
du att höra ett ”pling”-ljud. Detta indikerar att det finns en undermeny tillgänglig. Du kan 
öppna dessa genom att förflytta dig i sidled. Du rör dig åt höger för att gå till undermenyn 
och till vänster för att lämna undermenyn från dess översta menyalternativ. 
 
Mellan uppgifterna som presenteras nedan kommer användargränssnittet att ändra 
ljudkonfigurationer, var uppmärksam på dessa. Efter att du har genomfört uppgifterna 
kommer du att få utvärdera dessa konfigurationer.    
 
 
Det finns sammanlagt fyra huvudkategorier utplacerade horisontellt, högst upp i menyn. Du 
kommer att börja från huvudkategorin som ligger högst upp till vänster. 
 
 

Uppgift 1: Hitta mappar  
Navigera användargränssnittet för att genomföra de följande uppgifterna: 
 
 
Uppgift 1:1 
 
Efter att du hittat den sökta mappen, tryck då retur-tangenten för att indikera att du har 
hittat mappen. När du har gjort detta kan du gå vidare och hitta nästa mapp.  
Med hjälp utav användargränssnittet, konfiguration 1 – vänligen lokalisera de följande 
mapparna: 
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Hitta mappen “Kambodja”  
Hitta mappen “Familjebilar”  
Hitta mappen “Natur”  
Hitta mappen “Polen”  
Hitta mappen “Motorcyklar”  
 
När du har hittat alla fem mappar säg då till experimentansvarig och avvakta klartecken för 
att få fortsätta med nästa uppgift.  
 
 
Uppgift 1:2 
 
Efter att du hittat den sökta mappen, tryck då retur-tangenten för att indikera att du har 
hittat mappen. När du har gjort detta kan du gå vidare och hitta nästa mapp.  
Med hjälp utav användargränssnittet, konfiguration 2 – vänligen lokalisera de följande 
mapparna: 
 
Hitta mappen “Golf”  
Hitta mappen “Resor”  
Hitta mappen “Fotboll EM”  
Hitta mappen “Stockholms skärgård”  
Hitta mappen “City bike”  
 
När du har hittat alla fem mappar säg då till experimentansvarig och avvakta klartecken för 
att få fortsätta med nästa uppgift.  
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Uppgift 1:3 
Efter att du hittat den sökta mappen, tryck då retur-tangenten för att indikera att du har 
hittat mappen. När du har gjort detta kan du gå vidare och hitta nästa mapp.  
Med hjälp utav användargränssnittet, konfiguration 3 – vänligen lokalisera de följande 
mapparna: 
 
Hitta mappen “Ryssland” 
Hitta mappen “Brott” 
Hitta mappen “Kosmetika” 
Hitta mappen “Hästpolo” 
Hitta mappen “Jämtland” 
 
När du har hittat alla fem mappar säg då till experimentansvarig och avvakta klartecken för 
att få fortsätta med nästa uppgift.  
 
 
 
Uppgift 1:4 
Efter att du hittat den sökta mappen, tryck då retur-tangenten för att indikera att du har 
hittat mappen. När du har gjort detta kan du gå vidare och hitta nästa mapp.  
Med hjälp utav användargränssnittet, konfiguration 4 – vänligen lokalisera de följande 
mapparna: 
 
Hitta mappen “Göteborg” 
Hitta mappen “Möbler” 
Hitta mappen “Asien” 
Hitta mappen “Fäktning” 
Hitta mappen “Mountain bike” 
 
När du har hittat alla fem mappar säg då till experimentansvarig och avvakta klartecken för 
att få fortsätta med nästa uppgift.  
 
 



 46 

 

Appendix 3, Questionnaire (English): 

Task 2: Evaluation Questionnaire 
For the following task, you are not allowed to use the interface. Please answer the questions 
presented below. 
 
 
1. Where is the folder “Skåne” located?  
Please put an X in the blank table structure below. The top four grey fields represent the 
category headings, and the three columns under the heading represent the submenus 
located below where the top submenu is located in the leftmost column and its options 
(items) are located vertically. The submenus branching out from the top submenu are located 
in the middle and rightmost columns. 
 
The * indicates the upper most option on the left. Please note that the grid may have more 
options than the auditory display. 
 

*            
            
            
            
            
            
            
            
            
            
            
            

 
 
 
2. Where is the folder “Aeroplanes” located?  
Please put an X in the blank table structure below. 
 

*            
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3. Which one of the software configurations did you prefer the most?  
(Please type the number “1” in the box next to the one statement that matches your answer, 
choose only the most preferred) 
 

Configuration 1  
Configuration 2  
Configuration 3  
Configuration 4  

 
 
3.1. Why did you find this particular build the most preferable? Describe in a few sentences. 
 
4. Which one of the software configuration did you find the most annoying?  
(Please type the number “1” in the box next to the one statement that matches your answer, 
choose only the most preferred) 
 

Configuration 1  
Configuration 2  
Configuration 3  
Configuration 4  

 
 
4.1. Why did you find this configuration the most annoying? Describe in a few sentences. 
 
 
 
5. Which one of the software configurations did help you find the target folders the fastest? 
(Please type the number “1” in the box next to the one statement that matches your answer, 
choose only the most preferred) 
 

Build 1  
Build 2  
Build 3  
Build 4  

 
 
5.1. Why did you find this particular configuration the most helpful? Describe in a few 
sentences. 
 
 
 
6. Learning to use this interface was (please type the number “1” in the box next to the one 
statement that matches your answer, choose only the most preferred): 
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Very Easy  
Easy  
Difficult  
Very Difficult  

 
 
6.1 Please describe why it was easy or difficult. What made it that way? 
 
 
 
7. Would you consider buying/using a device that utilized sound based menus like the one 
you just have tried (type the number “1” in the box next to the statement that best matches 
your answer)? 
 

No  
Yes  

 
 
7.1 Why/why not? 
 
 
 
7.2 Would you prefer to see this type of interface in a certain type of device or application? 
Which ones? Please explain in a few sentences. 
 
 
8. Where is the folder “Switzerland” located?  
Please put an X in the blank table structure below. 
 

*            
            
            
            
            
            
            
            
            
            
            
            

 
 
9. Where is the folder “Galopp” located?  
Please put an X in the blank table structure below. 
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*            

            
            
            
            
            
            
            
            
            
            
            

 
 
 
 
End of experiment: Thank you for participating! 
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Appendix 4, Questionnaire (Swedish): 

Uppgift 2: Utvärderingsenkät 
För de följande uppgifterna får du inte använda användargränssnittet. Vänligen besvara 
frågorna nedan.  
 
 
1. Var finns mappen “Skåne”?  
Sätt ett X i det tomma rutmönstret nedan. De översta fyra gråa fälten representerar 
huvudkategorierna, och de tre kolumner som finns nedanför en huvudkategori representerar 
undermenyerna under denna kategori där den första undermenyn är kolumnen längst till 
vänster och dess menyalternativ är utplacerade i neråtgående riktning. Undermenyerna som 
förgrenas ut från den första undermenyn ligger i den mittersta och den högra kolumnen. 
 
* indikerar den översta vänstra huvudkategorin. Vänligen notera att rutmönstret kan ha fler 
menyalternativ än användargränssnittet. 
 

*            
            
            
            
            
            
            
            
            
            
            
            
 
 
 
2. Var finns mappen “Flygplan”?  
Sätt ett X i det tomma rutmönstret nedan.  
 

*            
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3. Vilken av konfigurationerna föredrar du mest?  
(Vänligen skriv siffran “1” i rutan nedan bredvid det enda alternativ som är ditt svar, välj 
endast det alternativ som stämmer överens med svar)  
  
 
 
Konfiguration 1  
Konfiguration 2  
Konfiguration 3  
Konfiguration 4  
 
 
3.1. Varför föredrar du just denna konfiguration? Förklara med ett par meningar.  
 
 
 
 
 
4. Vilken utav konfigurationerna tycker du är mest irriterande?  
(Vänligen skriv siffran “1” i rutan nedan bredvid det enda alternativ som är ditt svar, välj 
endast det alternativ som stämmer överens med svar)   
  
Konfiguration 1  
Konfiguration 2  
Konfiguration 3  
Konfiguration 4  
 
 
4.1. Varför tycker du att just denna konfiguration är mest irriterande? Förklara med ett par 
meningar.  
 
 
 
 
 
5. Vilken konfiguration hjälpte dig att hitta de efterfrågade mapparna snabbast?  
(Vänligen skriv siffran “1” i rutan nedan bredvid det enda alternativ som är ditt svar, välj 
endast det alternativ som stämmer överens med svar) 
 
Konfiguration 1  
Konfiguration 2  
Konfiguration 3  
Konfiguration 4  
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5.1. Varför tycker du att den just denna konfiguration hjälpte dig att hitta mapparna 
snabbast? Förklara med ett par meningar.  
 
 
 
 
6. Att lära sig att använda användargränssnittet var:  (Vänligen skriv siffran “1” i rutan nedan 
bredvid det enda alternativ som är ditt svar, välj endast det alternativ som stämmer överens 
med svar)  
  
Väldigt lätt  
Lätt  
Svårt  
Väldigt svårt  
 
 
6.1 Vänligen beskriv varför det var lätt eller svårt. Varför var det så? 
 
 
 
 
7. Skulle du överväga att köpa/använda en apparat som använder ljudbaserade menyer, som 
den som du just har provat? (Vänligen skriv siffran “1” i rutan nedan bredvid det enda 
alternativ som är ditt svar, välj endast det alternativ som stämmer överens med svar)  
 
Nej  
Ja  
 
 
7.1 Varför/varför inte? 
 
 
 
 
 
 
7.2 Skulle du föredra att se denna typ av användargränssnitt i en viss typ av apparater eller 
programvaror? Vilka?  Förklara med ett par meningar.  
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8. Var finns mappen “Schweiz”?  
Sätt ett X i det tomma rutmönstret nedan.  
 

*            
            
            
            
            
            
            
            
            
            
            
            
 
 
9. Var finns mappen “Galopp”?  
Sätt ett X i det tomma rutmönstret nedan.  
 

*            
            
            
            
            
            
            
            
            
            
            
            
 
 
 
 
Slut på experimentet: Tack för ditt deltagande! 
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Appendix 5, Questionnaire results 3.1, 4.1, 5.1 (re plies in Swedish): 
 
Subject (group & order 
of conditions)/Task 

3.1 4.1 5.1 

1  - - - 
2 (group 2) 
 
1: persistent 
2: rep. Short 
3: short 
4: persistent 

1- Om jag minns rätt 
hade den minst ljud, 
medan speciellt den 
fjärde konfen hade 
rätt störande 
bakgrundsljud (rätt 
behagligt, men lite 
väl tråkigt ljud 
 

4- Jobbigt när den 
byter ljud för varje 
undermeny (av de 
fyra grund – Sport 
osv).  
 

1- Tycker inte att det 
var alltför stor 
skillnad, man hittade 
rätt bra med alla. 
Bakgrundsljuden 
tänkte jag inte så 
mycket på 
 

3 (group 3) 
 
1: rep. Short 
2: short 
3: persistent 
4: rep. short 

4- Det gick bättre 
mot slutet så det 
kanske var det och 
inte hade så mycket 
med konfigurationen 
att göra.  
 

3- Det dånade i 
högtalarna och det 
var ett slags eko. 
 

4- Det gick bättre 
mot slutet som sagt 
men vet ej om det 
hade med 
konfigurationen att 
göra.  
 

4 (group 1) 
 
1: short 
2: persistent 
3: rep. Short 
4: short 

2 - Jag tyckte framför 
allt om att få en 
bekräftelse på när 
jag hade gjort mitt 
val (tryckt på Enter). 
Det var också ett 
tydligare ”ping”-ljud 
som ledde ner till 
undermenyerna. 
 

1- Det var störande 
att inte få veta om 
datorn uppfattat 
inmatningen med 
Enter-tangenten. 
 

2- Det beror nog 
delvis på att jag 
senare började 
lyssna efter lite 
uppmärksammare 
och tog längre tid på 
mig. Men rent 
ljudmässigt beror det 
på svaret på fråga 
3.1.  
 

5 (group 2) 
 
1: persistent 
2: rep. Short 
3: short 
4: persistent 

4- Av den enkla 
anledningen att jag 
hittade aningen 
bättre i menyerna 
 

1- Svårt att säga att 
något var irriterande, 
men jag tar den 
första för att jag helt 
enkelt inte hittade, 
tog lite tid. 
 

3- Kändes som det 
inte var lika många 
undermenyer 
 

6 (group 3) 
 
1: rep. Short 
2: short 
3: persistent 
4: rep. short 

4- Jag märkte ingen 
skillnad på dem men 
jag väljer 4 eftersom 
man vid det laget har 
memorerat eller 
erfarit vart de flesta 

1- Ärligt talat 
irriterade ingen mig. 
Men den första var 
då man var mest 
ovan. Förövrigt 
samma svar som 

4- Eftersom jag då 
hade erfarit 
menysystemets 
uppbyggnad längre 
och alltså visste vart 
sakerna låg.  
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alternativ finns att 
hitta. Man tänker sig 
hur ett menyträd 
fungerar i huvudet 
och sedan går det 
per automatik 
 

föregående. 
 

 

7 (group 1) 
 
1: short 
2: persistent 
3: rep. Short 
4: short 

3- Jag minns inte 
riktigt, men det var 
något jag reagerade 
på i konfiguration 3. 
Ett ljud mellan 
mapparna och 
undermapparna som 
jag var osäker hade 
varit där tidigare. 
 

1- Jag vet inte om 
det bara var för att 
jag inte hade så stor 
kol på mapparna 
som den kändes 
jobbigast… 
 

3- Det var det där 
ljudet igen, om det 
nu fanns… Något 
blev i alla fall mycket 
enklare i 3:an. 
 

8 (group 2) 
 
1: persistent 
2: rep. Short 
3: short 
4: persistent 

2- Lät behagligast i 
jämförelse med 3 
och 4. Nr 1 minns jag 
inte… 
 

4- Ljudet var 
ihärdigt, blev 
irriterad när det lät 
ständigt. 
 

3- Kan bero på vilka 
orden var också, 
men jag rörde mig 
snabbast då (tror 
jag). Vet inte exakt 
varför, kan bero på 
att jag ”kom in” i 
systemet. 
 

9 (group 3) 
 
1: rep. Short 
2: short 
3: persistent 
4: rep. short 

3- De olika 
bakgrundsljuden 
som varierade 
beroende på hur 
djupt inne man var i 
menyerna 
underlättade.  
 

4- Tystnaden när 
man befann sig i de 
olika menyerna fick 
mig att tappa bort 
var jag befann mig i 
de olika 
undermenyerna. 
 

3- De olika 
bakgrundsljuden 
som varierade 
beroende på hur 
djupt inne man var i 
menyerna 
underlättade.  
 

10 (group 1) 
 
1: short 
2: persistent 
3: rep. Short 
4: short 

2- Det var ljud i 
bakgrunden förutom 
rösten (till skillnad 
från nr. 1). Jag 
upplevde det som att 
det var fler ljud i nr 2 
än i 3 och 4 som 
också hade ljud 
(förutom röst). 
 

4- Jag upplevde det 
som att ljuden 
betedde sig 
oregelbundet (det 
fanns inte på väg 
tillbaka i en hierarki, 
men på vägen in, så 
att säga).  
 

3- Jag hade redan 
vant mig här, och 
nummer 4 var lite 
förvirrande (annars 
hade den varit 
snabbare då jag 
kände till strukturen 
än mer) 
 

11 (group 2) 
 
1: persistent 

3- Konfig 3 tog kortat 
tid att utföra.   
 

4- Konfig 4 var mest 
irriterande eftersom 
det tog mkt lång tid 

3- Därför att jag nu 
kom ihåg vart 
mapparna låg och 
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2: rep. Short 
3: short 
4: persistent 

att hitta den sista.  
 

vad som fanns under 
dom.  
 

12 (group 3) 
 
1: rep. Short 
2: short 
3: persistent 
4: rep. short 

1- För att den var 
behagligast att 
lyssna på som 
bakgrundsljud. 
 

4- Att ljudet var för 
högt. Störande ljud 
vilket fick ej att bi 
okoncentrerad. 
 

2- Enkelt ljud och 
inte någon störnings 
moment.  
 

13 (group 1)    
14 (group 2)    
15 (group 3)    
16 (group 1)    
17    
18    
19    
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Appendix 6, Questionnaire results 6.1, 7.1, 7.2 (re plies in Swedish): 
 
Subject (group & order 
of conditions)/Task 

6.1 7.1 7.2 

1  Lätt var att då man 
visste 
mappstrukturen och 
de olika 
konfigurationerna 
hjälpte till att öva in 
denna struktur. 
 

(nej) Tar tid att lära 
sig och arbete med 
visuell 
mapphantering sker 
mycket fortare.  
 

Hjälp medel för 
synskadade då de 
inte kan använda sig 
utav sin syn.   
 

2 (group 2) 
 
1: persistent 
2: rep. Short 
3: short 
4: persistent 

Menyerna var logiskt 
uppdelade, förutom 
att de fyra 
huvudmenyerna inte 
svarade på 
vänstertryck (man 
var tvungen att gå 
längst till vänster o 
sedan längst upp, 
och sedan byta).  
 

(ja) Tydliga menyer, 
bra uppläsning av 
orden, snabb 
respons på tryck. Bra 
att den avbryter 
uppläsningen när 
man byter meny.  
 

Telefonkundtjänst, 
bra o tydligt. Kanske 
i billiga 
mobiltelefoner som 
inte har någon 
avancerad skärm?  
 

3 (group 3) 
 
1: rep. Short 
2: short 
3: persistent 
4: rep. short 

Det var svårt för att 
jag inte riktigt fick in 
hur menyerna var 
uppbyggda förrän 
mot slutet. 
 

(nej) Jag är nog mer 
en visuell person, 
hör lite dåligt osv 
men jag tycker det är 
en väldigt bra idé!  
 

Kanske en enkel 
form av ljudbaserade 
menyer men vet ej 
till vilken apparat 
någon där man vill 
göra andra saker 
samtidigt som 
man ”gör nytta”. 
Perfekt om det 
kunde gå att 
kombinera med ett 
ljudbaserat svar 
också i sånt fall. 

4 (group 1) 
 
1: short 
2: persistent 
3: rep. Short 
4: short 

Det var logiskt och 
liknade de visuella 
menyerna i 
Windows, som man 
är van att använda 
och har en tydlig bild 
av i huvudet. Två ljud 
kändes särskilt 
viktiga: plinget som 

(ja) Det är enkelt och 
faktisk lite roligt och 
engagerande att 
använda hörseln för 
att navigera på det 
här sättet. 
 

Tillämpningar som 
jag kan tänka mig att 
använda och som är 
nära till hands skulle 
kunna vara en helt 
ljudbaserad GPS i en 
bil, en mobiltelefon 
utan display, eller 
som navigeringshjälp 
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angav att det finns 
undermenyer och 
ljudet som 
bekräftade Enter-
inmatningen. 
 

på en hemsida. 
 

5 (group 2) 
 
1: persistent 
2: rep. Short 
3: short 
4: persistent 

I första mappen kan 
jag absolut inte säga 
att det var lätt at 
hitta, men efter att 
man tagit sig igenom 
den så hade man 
börjat få en bild av 
hur det såg ut. Blev 
lättare och lättare 
då. 
 

(ja) Då jag är 
dyslektiker har jag 
ibland svårt med 
visuella menyer ta 
tid att hitta och 
förstå vart man ska. 
Detta skulle kunna 
vara ett redskap för 
att förenkla vissa 
delar av min vardag. 
 

Svårt att svara på 
just nu, kommer inte 
på någon just i detta 
nu. Men visstskulle 
det kunna vara 
användbart. 
 

6 (group 3) 
 
1: rep. Short 
2: short 
3: persistent 
4: rep. short 

Jag har teknikvana 
sedan förr och 
programmerar själv 
så att tänka sig hur 
det är uppbygt i 
huvudet gör att det 
blir lätt att hitta 
ganska så direkt. 
 

(ja) På tex 
handhållna 
produkter som Mp3 
spelare eller 
mobiltelefoner så 
kan det vara väldigt 
användbart att 
kunna navigera utan 
att behöva skärm då 
dessa oftast  ska vara 
små och därför inte 
har plats för en 
sådan. 
 

Mobila enheter så 
som mp3 spelare 
mobiltelefoner och 
dyligt som är små 
nog att inte ha plats 
för skärmar.  
 

7 (group 1) 
 
1: short 
2: persistent 
3: rep. Short 
4: short 

Förvirrande med alla 
mappar innan man 
kunde ordna upp en 
bild i hjärnan. 
 

(nej) Det känns 
enklare att se 
menyerna framför 
sig bara… Eftersom 
man ändå måste 
bygga upp en bild för 
att enklare förstå. 
 

Nja, jag är osäker. 
Bra för folk med 
försämrad syn/binda 
dock, och i så fall 
kanske i 
datormenyerna. 
 

8 (group 2) 
 
1: persistent 
2: rep. Short 
3: short 
4: persistent 

Det var tydliga 
kategorier, det 
mesta ganska logiskt. 
Om man är 
allmänbildad, och 
insatt i de ämnen 
som tas upp, blir det 
förmodligen lättare. 

(ja) Det kändes som 
att det gick smidigt. 
Men samtidigt lär 
man sig snarare 
systemen efter ett 
tag (minns 
fingerrörelserna), 
och då spelar det 

Det är ett effektivt 
och bra system, men 
jag kan inte komma 
på något specifikt 
användningsområde 
nu. 
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 ingen roll om det är 
ljud eller bild. Men 
jag upplevde att det 
gick snabbt att lägga 
mapparna på minnet 
när de lästes upp – 
man behövde inte 
tänka så mycket. 
Smidigt, som sagt. 
 

9 (group 3) 
 
1: rep. Short 
2: short 
3: persistent 
4: rep. short 

Till en början är det 
lite svårt men efter 
att man navigerat 
runt lite så börjar 
man visualisera 
menyernas struktur 
och det blir väldigt 
lätt att hitta. 
 

(ja) Jag kan tänka 
mig att en apparat 
utan visuella medel 
som t ex display kan 
bli både billigare och 
mer portabel.  
 

 

10 (group 1) 
 
1: short 
2: persistent 
3: rep. Short 
4: short 

Det var ganska 
intuitivt uppbyggt. 
Ljuden hjälpte mig 
att skapa en ”inre 
bild” av strukturen. 
 

(ja) Det var trevligt 
att använda. Om 
hierarkin är ganska 
enkel tror jag inte att 
jag behöver se den, 
och då var det 
bekvämt att 
orientera sig utan 
synen. 
 

Förhållandevis enkla 
system som inte har 
så många 
förgreningar. Om det 
dessutom fanns flera 
vägar till samma 
plats skulle det nog 
förvirra mig att inte 
se.  
Apparater där man 
har anledning att 
använda synen till 
något annat får 
gärna styras med 
ljud.  
 

11 (group 2) 
 
1: persistent 
2: rep. Short 
3: short 
4: persistent 

Knepigt i början, 
ovant att bara lyssna 
och inte se vart jag 
ska.    
 

(nej) Irriterande ljud. 
Har inget eget behov 
av att navigera med 
hjälp av ljud. 
 

Nej, kan inte komma 
på någonstans där 
jag skulle tycka det 
var nödvändigt för 
mig.  

12 (group 3) 
 
1: rep. Short 
2: short 
3: persistent 
4: rep. short 

För att man behövde 
tänka till mera 
eftersom att det inte 
genomfördes med 
visuellt också. 
 

(ja) För att det skulle 
vara behagligt och 
enkelt med 
ljudbaserad menyer. 
 

I dem flesta 
apparater som man 
har hemma. Till 
exempel vitvaror för 
att lättare kunna 
använda maskinerna 
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och förenkla 
handhavandet och ta 
bort farliga moment. 
 

13 (group 1)    
14 (group 2)    
15 (group 3)    
16 (group 1)    
17    
18    
19    
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