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Abstract 
This thesis has been executed at AB Volvo Advanced Technology and Research-Driver 
Environment & Human Factors as a part of the FFI (Strategic Vehicle Research) project SICS 
(Safe Interaction Connectivity and State). It describes a study which examined if adding 
sound will reduce the visual distraction in menu interfaces. Two concepts have been studied 
in comparison to each other and to a baseline without sounds. The sound added to the 
interface was spearcons (time compressed speech sounds) and earcons (musical sounds). A 
simulator study was carried out containing 14 participants between the ages of 36-59 who had 
to, while driving, perform 6 different tasks that involved interacting with the interface menus. 
Results showed that the performed tasks caused much less visual distraction from the road 
while having the spearcons as assistance. The earcons results showed no improvement. 
 

Sammanfattning 
Detta examensarbete gjordes på AB Volvo Advanced Technology and Research på 
avdelningen Driver Environment & Human Factors som en del av FFI (Fordonstrategisk 
Forskning och Innovation) projektet SICS (Safe Interaction Connectivity and State). 
Examensarbetet beskriver en studie som undersökte ifall addering av ljud till ett 
menygränssnitt bestående av visuella displayer hjälper förare att minska distraktionen från 
vägen. Två olika ljudkoncept har tagits fram och jämförs med varandra och med baskonceptet 
utan ljud. De två ljudkoncepten var spearcons (tidskomprimerat tal) och earcons (musikaliska 
ljud bestående av toner). En simulatorstudie med 14 personer mellan 36 och 59 år 
genomfördes. Studien gick till så att 6 olika uppgifter som involverade interaktion med 
gränsnitten skulle genomföras medan man körde en lastbilssimulator. Resultaten visade att 
när man assisterades av spearcons reducerades distraktionen medan earcons inte gav någon 
förbättring.    
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1. Introduction 

1.1 Background 
Hearing is one of our main senses we use to gather information. In today’s interaction 
with electronic devices, most of the information is gathered with the visual sense. 
Lately, more and more visual based devices have been introduced in the sense of touch 
devices. A huge problem with touch interfaces is to know where on the screen the 
buttons are located; you are forced to look at the screen. When driving vehicles, the 
visual focus should be on the road ahead and not looking at e.g. the radio. An 
investigation in the United States of America gives some disturbing numbers of how 
many people get injured and killed because of distractions while driving [1]. Also The 
Swedish National Road and Transport Research Institute (VTI) has carried out 
research suggesting how to improve the dangerous use of interfaces [11]. A big step in 
addressing these issues has also been presented in the US by NHTSA (Nation 
Highway Traffic Safety Administration) as guidelines which interfaces should fulfill 
in order not to be dangerous. Adding sound to the interface as a notification, or guide, 
for the interaction between the driver and the vehicle menus may be one way to fulfill 
these guidelines and making even complex interfaces more usable in traffic. An 
interaction with these interfaces can for example be changing a radio station. As stated 
[1] visual distraction with the interfaces is one of the biggest reasons for vehicle 
accidents. Therefore this project has begun to find out if sound is a way to proceed 
developing safer HMI: s (human machine interfaces).  

1.2 Earcon concept 
Commonly the sonic interaction between humans and machines has been applied by 
some kind of tones or melodies. These small segments of sound are so called earcons 
[4]. Earcons may be used in many ways, consider for example the sound emitted by a 
cellphone when typing a number. Another example is when turning on a computer; 
most computers give a sound in form of an earcon confirming it has been turned on or 
off. You may also say that earcons were used already in the 1900-century by Morse 
code with which a telegraph can inform the receiver which letter was sent.  
When used to sonify menu hierarchies, earcons can rapidly become very complex. The 
paper by S. Brewster, V-P. Raty and A. Kortekangas [6] introduces an easy earcon- 
concept using pitch, timbre and panning to sonify menu hierarchy nodes. To make the 
different earcons stand out from each, other experimentally-derived guidelines [5] 
advise varying duration, pitch, timbre, rhythm, panning and intensity. By using as 
many of these variations possible, more complex earcons can be created giving a more 
informational content. However it is also recommended by Blattner, Sumikawa & 
Greenberg who introduced earcons in 1989 that no more than three notes in a row are 
desirable to reduce confusion within the earcon. Other significant aspects that have to 
be taken into consideration are the continuality, symmetry and ending of the earcons 
and not making them to complex or stand out too much from each other. As mentioned 
above, earcons may have a tendency of getting very incomprehensible if not taking 
these considerations in mind [4]. 



USING SONIC INTERACTION IN DRIVER-VEHICLE INTERFACES TO 
REDUCE VISUAL DISTRACTION 

	  27	  May	  2014	  

 5 

1.3  Spearcon concept 
The spearcon concept was presented by B.N. Walker, A. Nance and J. Lindsay [2] as a 
way to improve navigation in auditory menus. Spearcons consist of time-compressed 
speech saying the menu segment that is the currently-highlighted element in the 
hierarchy, e.g. when scrolling down to an artist in a playlist the spearcon will call out 
the names of the artists in a fast speech. Spearcons have mostly been tested in auditory 
menus [2, 3, and 4] and have shown very good results for navigation in those menus. 
Spearcons has also been applied in the air force and may there instruct the pilot of 
what is happening around [12]. For example, if an enemy plane is approaching, the 
spearcon will call out: “Guns” [12]. The learning process to become familiar with the 
concept of spearcons [3, 12] is quite fast. This is because of recognizable guessing that 
can be learned when knowing what kind of words may exist. The concept itself is very 
easily built just from a recording the output of a TTS (text to speech) generator and 
time compressing the recording. Still, the only found direction in the literature of how 
time-compressed the speech should be is that it should on the limit to not being 
recognizable [2]. This is something that should be discussed more and investigated 
closer in future research. 



USING SONIC INTERACTION IN DRIVER-VEHICLE INTERFACES TO 
REDUCE VISUAL DISTRACTION 

	  27	  May	  2014	  

 6 

 

2 Purpose and Method 

2.1  Assignment 
The main goal of the current thesis is to see whether one can achieve a significant 
reduction of visual distraction when adding different types of sound to visual 
interfaces.To get any estimation of the distraction a study involving measurements of 
eye movements is preferred. This is achieved with eye tracker measurements from 
which distraction metrics can be derived. It was decided to evaluate the two different 
concepts mentioned previously, spearcons and earcons, and lay a good foundation for 
further work in this area. 

2.2  Literature study 
During the first two weeks a literature study was conducted for the purpose of 
understanding sound design principles and the two sound concepts. To get an 
understanding for the different concepts of audio designing this thesis is based on, a 
research for design alternatives and earlier results of the concepts was necessary to be 
performed. In papers and essays there was a lot of information of how earcons should 
be designed in menu hierarchies. However, spearcons in menu hierarchies was mainly 
compared with the research already made on earcons. The purpose the spearcons only 
being compared is because they are still quite new and earcons have been viewed as a 
centered concept for presenting menu hierarchies. One interesting notice is that the 
two concepts seem not to have been combined yet. They have always been contrasted, 
as also now in this study. The reason for this is that when dealing with larger menu 
structures these two concepts seem to give absolutely best results, this is not necessary 
reason for why they should not be combined. Perhaps a combination with earcons and 
spearcons will complement each other. T. Dingler, J. Lindsay, B.N. Walker [7] 
conducted an experiment in which learnability for different concepts that can be 
applied in a menu interface was studied. Their results show that spearcons and earcons 
have much higher learnability than the auditory icons tried out. Thus, it is reasonable 
to conclude that these concepts will make the menu hierarchy easier to learn. 

2.3  Study of the complexity of the menu hierarchy 
The two menus used in the current thesis had their own displays and the test person 
had to interact differently to the separate interface displays. The first menu containing 
106 nodes and four levels had a display located to the right of the test person and 
controlled with a knob that was located under the display. The second menu interface 
had a hierarchy containing 53 nodes with four levels. The display for this interface 
was located in front of the test person next to the speedometer and controlled by a 
rocker switch located on the steering wheel. 
The most important sound design feature for the menus is that the current location in 
each hierarchy is easily recognizable. Also, a significant feature is making the levels in 
the hierarchy as understandable as possible. This will likely contribute to a greater 
visual reflection/association of the menus. Some of the parameters contributing to 
success of the features in the menus are: the sound design, how the concepts are being 
presented in the study, individual psychological parameters of the test persons and 
learnability for each sound concept. 
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2.3.1 Earcons in the complexity of the menu hierarchy  
It has been shown that using earcons in a hierarchy of 27 nodes with four levels 
work out well [6]. S. Brewster, V-P. Paty, and A. Kortekangas[6] used an idea of 
an inheritance from previous level to the next level in the hierarchy. This makes it 
easy to expand the hierarchy by just adding new timbres. With this inspiring 
structure to combine the levels it was chosen to design the earcons for this study 
in a similar way as shown in figure 2.2.1. Basically, for the large menu structure 
this would be very necessary. Another problem in the complexity was that the 
different menus had similar structure but one was far more complex with more 
nodes. This contributed to that using the same building structure for the earcons 
across menus might result in a less optimal solution for one of the menus. 
However, not having the same earcon set-up for both menus may also result in 
confusion for the driver.  
It was determined that the risk of separating the menus from each other within the 
same concept was to be more confusing and the hope was that learning would 
make the structure intact anyhow. The earcons were created by a software 
instrument in form of a violin cello controlled by MIDI (Musical Instrument 
Digital Interface) [8].  

2.3.2 Fitting Spearcons in the complexity of the menu hierarchy 
Spearcons mostly studied by B.N Walker [2, 3, and 7] are in most ways basically 
speech. To implement them in the menu hierarchy is just to have a text-to-speech 
generator read up the different menu elements. How the time compressing of the 
speech was done will be described in later chapters in this report. 
 

 
   Figure 2.2.1 Example of the earcon hierarchy when scrolling to find a song 



USING SONIC INTERACTION IN DRIVER-VEHICLE INTERFACES TO 
REDUCE VISUAL DISTRACTION 

	  27	  May	  2014	  

 8 

 

3 Technical study and working process 

3.1  Designing the sound concepts 
The designing of the concepts had very many guidelines in the references [2, 4, and 5]. 
To make it easier both concepts were designed using Logic Express 8, mostly because 
it was a program that was already familiar to me. Logic Express 8 got all the necessary 
functions needed both for designing the spearcons and the earcons. It is also very easy 
to work with and making corrections.  

3.1.1 Spearcons 
The design of spearcons was realized through a TTS (text to speech) generator 
with Swedish speech that had been time compressed (without pitching the speech) 
to a level that hardly can be recognizable as speech [2]. The TTS recordings were 
compressed with Logic Express 8 Time Machine [10]. In Logic Express 8 the 
Time Machine can work with three different algorithms. The Time Machine 
algorithm chosen in this designing was the “universal” one. The reason for this is 
because it is a high-quality algorithm and is generally recommended [10]. For 
testing purposes the chosen time compression-factor was set to 3/8 of the original 
speech length. 3/8 of the original length was right on the edge of not being 
recognizable at all. Since a certain learning progress within the concept can be 
allowed, it seemed to be a good length. Also because of the opportunities of 
learning the tasks and sound within the study performance this would hopefully 
result with the sound being no problem to recognize after all. 

3.1.2 Earcons 
As for the designing of the earcons, they were designed equally for both menu 
interfaces with Logic Express MIDI-sound Pop Cello Solo. The earcons were 
designed so that the pitch increased while going down the menu. In the first level 
only single tones where played, however in the lower levels intervals of notes 
where played instead. The end of each level was indicated with the octave. In the 
second level the interval was played at the same time, but in the lower levels the 
notes of the interval were played separately, adding a new note for each level 
while the previous notes where inherited from the earlier levels. It is always the 
last adding note that the pitch changes e.g. in the first level a tone represented by a 
C4 (262Hz) is played. Going down one level the first element in the second level 
will play C4 and D4 (293Hz). The C4 will remain throughout the second level 
while scrolling D4 will be pitched to an E4 (330Hz), F4 (349Hz) and so on. The 
guidelines in designing the earcons in a menu hierarchy are notified by the pitch, 
rhythm, tempo and duration [5]. Changes in timbre were not implemented due to 
the risk of giving a higher complexity of the menus and resulting in some degree 
of confusion. Still the other guidelines were followed in the design. Another 
suggestion by the guidelines that was implemented was to have a 0,1 second 
separation between different earcons. This was applied by adding 0,1 seconds of 
silence after the last tone in each earcon. 
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3.2  Programming the concepts into the interfaces 
To control the interfaces the programming code for the simulation of interfaces in 
proprietary software had to be learned. Because of no earlier experience with the 
syntax of the code or the software, lots of exploring different examples was conducted 
to achieve an understanding for the syntax. After understanding the syntax of the 
interfaces code, an analysis of how the code worked was executed within the syntax. 
After understanding the both how the syntax and the interface code worked it was time 
to implement the concepts into code. What simulation software used is confidential 
and the source code is property of AB Volvo. 

3.2.1 Learning the program  
In conjunction with learning the proprietary software it was required to study a 
few examples in the code syntax, mostly how to play audio files using the new 
syntax. The syntax consists of three different program languages leaving many 
different ways to implement the audio files. After testing different ways to 
implement the files, an investigation of understanding the interface code was 
made and it was also discovered that extending the menu hierarchy was necessary 
(these are included in the nodes mentioned above). To be able to extend the 
hierarchy, code understanding for the interfaces was crucial, and with the help 
from the code designer a deeper understanding of the code was grasped. 

3.2.2 Implementing the concepts to the interface 
For implementing the concepts as mentioned above the understanding for the code 
in the interfaces was highly vital. After a discussion with the interface code 
designer we agreed to an implementation that would be easy and not requiring too 
much of the CPU (Central processing Unit)-load. To add the correct sound to the 
correct menu element the code had to be combined with the code functions 
existing in the interfaces’ code. These small code segments had to call on the 
correct audio files and had to be specified for the different sound concepts. In the 
spearcon concept some spearcons could be used more than once and therefore a 
reuse of the spearcon could be made. However with earcons there was a strict 
order within the menu hierarchy levels and therefore the code has to be executed 
differently. 
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4  Experimental study 
The experimental study was made in a driving simulator with eye tracking measurement gear. 
The experiment took about one hour per test person.  

4.1 Preparations for the study 
Participants were recruited within the company. The recruiting was performed by 
asking around at the company and e-mailing persons fit to participate. The e-mail 
contained a description of the study purpose and who had recommended them to 
participate. There was also a recommended time schedule they could use to set an 
appointment for the study. The study took place during a four day span with five 
appointments each day. The requirement to be fulfilled by the participant was also 
stated in the e-mail. The requirements were that a truck-driving license was necessary 
and understanding the Swedish language (because of the spearcons). An introduction 
to welcome the test persons to the study was also constructed explaining how the study 
would be performed, that the purpose was testing the concepts, not judging them in 
their performance and an introduction of the  measurement gear that was used. 
Another preparation was adding a speaker in the simulator so that the sounds could be 
played. The speaker was placed so that the sounds would be as centered as possible. 
Our study group contained 14 persons of which 2 were female and everybody was in 
the ages 32-59, where the mean age was 44,9 and with a standard deviation of 8,67. 
The study group included participants that had hearing aids, lenses, near vision glasses 
and some also had bifocals. The reasons for not taking the lack of females into account 
or a larger age span is mainly because this is only a first study of these concepts with 
hopefully a lot more to come. In the future studies it is further important to proceed 
with a more representable study group similar to today’s truck-drivers. 

4.1.1 Learning the eye tracker 
To measure visual distraction an eye tracker was used (figure 4.1.1). The eye 
tracker device is a headpiece with two cameras. The first camera records the pupil 
movement and the second the gaze behavior. The main thing to learn with the eye 
tracker was the calibration; the eye tracker had to be calibrated with the dedicated 
software for each test person.  
First step in calibrating was the pupil camera so it detected the pupil correctly 
while the test subject was looking straightforward and also glancing to the 
different interface displays. The second step in calibrating was to synchronize the 
pupil camera with the gaze behavior camera by detecting markers which were set 
up in front of the test person. The markers consisted of four crosses in each corner 
of a template which the test person was asked to look at while the test leader was 
marking the corners in the dedicated software.  
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Figure 4.1.1- Participant wearing the eye tracker  

4.1.2 Learning the simulator and interfaces in the simulator 
There was a handful to learn in the simulator as well. First of all was to 
understand were to start the simulation on the computer. This showed to be very 
easy by just pressing an icon at the desktop. Next was to add the finished code 
with additional sounds to the HMI (Human Machine Interface) computer. This 
however was much harder than first thought. It was discovered necessary to make 
some additional path in order for to the program to compile correctly. The speaker 
installed was plugged into the HMI computer as well. The most important in the 
simulator to learn was to know the different computers in the simulator had 
different purposes for the simulator and how to turn off the interface displays and 
what not to turn off. 

4.2  Execution of the study  
The study was executed similarly for all the test persons not to interfere with factors 
that could conflict with the results. There were two differences in the execution 
between the test persons that were used to avoid order effects. The first was which 
sound concept they started with or if they started with the baseline. Secondly, the 
order of the tasks was presented differently. When the test person came to the 
appointment to take part in the study he/she was asked to take place in the simulator 
and was then given an introduction to the sequence of the study.  

4.2.1 Study sequence 
For each test person an introduction of how the study was going to take place was 
presented before the start of the study. It was made very clear that the driving 
itself was only self-estimated and that the primary goal was to investigate the 
distraction caused by the interfaces. Test persons were also told that the test could 
be stopped at any time if there were any tendencies of them feeling sick. An 
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explanation of what the eye tracker measured and the different tasks they would 
be asked to perform was also made. Right before beginning the calibration of the 
eye tracker an introduction of the tasks took place to make them familiar to the 
test person. After the eye tracker calibration (Chapter 4.1.1) a five-minute test-
drive was carried out to make the test persons comfortable with how the simulator 
behaves. This was done because most of the test persons had not driven in a 
simulator before and it is important that the test persons know how the simulator 
behaves while driving. After the five-minutes the test person was asked if it was 
alright to start the tasks (and recording). Before the task performance they had 
once again an opportunity to practice at the task before the actual task was 
recorded. If the task was not fully understood during the performance they were 
asked to perform the task once more. It is not of any use to have non-succeeded 
task results because it will not contribute to the results and will just give us one 
less value of the task. After all the tasks had been done in all three different 
concepts some follow-up questions were asked.  

4.2.2 Study performance 
The study performance by the test persons was specified by the study sequence 
(Chapter 4.1.1) and while driving the simulator they would be asked to perform 
the different tasks. The tasks were:  

• 1. Searching for a song 
• 2. Calling a contact 
• 3. Finding a message in a fleet management system 
• 4. Searching for measurement data 
• 5. Finding message about washer fluid 
• 6. Find reset command. 

 
The tasks were divided with three tasks in each menu structure. Of the 14        
participants eight was introduced to the tasks in the order lined up above. For the 
remaining six the order was reversed. This was made to get a wider spread in the 
concepts and tasks. If the same order had been presented with the concepts for 
every person than the results for the two later concepts would be in different 
conditions. By shifting the tasks and concepts around the conditions got more 
even out for a statistical analysis. In the test leader’s case the study performance 
was to remember starting the task recordings and also asking after each task how 
they estimated their driving. After all the test persons had been recorded a final 
check of the videos was made to be sure that the eye tracker did not miss any 
glances. 

4.2.3 Eye tracking measurements 
The dedicated software to the eye tracker gives options to choose from a database 
of measurement variables for analysis. The measurements that have been analyzed 
in this study were mean glance duration, numbers of glances over two seconds, 
total glances time and task duration. Mean glance duration gives us understanding 
of how long a glance lasts in a mean value. For example, within a task the glance 
durations may be: 0,3 , 1,4 , 0,2 and 0,8 seconds. By analyzing the mean of those 
measurement data points, the glance duration within the task can be estimated as 
one glance with a mean value (0,675 seconds in the example above). The number 
of glances over two seconds is also a measurement. In the example just 
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mentioned, this measurement would be 0 since no glances were over two seconds. 
The total glance time is a very crucial variable, which is calculated by summing 
all individual glances within a task. So for the example above the total glance time 
would be 2,7 seconds. The last measurement data is the task duration. This shows 
us if the task can be performed faster with assisting of the sounds or if they 
instead give an uncertainty of were the current position in the hierarchies.  
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5  Results  

5.1 Final results 
The final results show a repeated pattern between the different sound concepts. In the 
graphs of mean numbers of glances over two seconds, task duration, glance duration 
and the number of total glances time all mean-values point to an improvement when 
applying the spearcons. In the same graphs one also sees that the earcons show the 
opposite results. The mean values seem to indicate that earcons give worse results in 
comparison to the baseline. This is shown in figures 5.1-5.4. 

Figure 5.1 shows how long the task duration is depending on which concept is 
used. In the diagram there is no huge difference in the mean value. These results show 
that the different sounds do not necessary make the task performance faster. However 
figure 5.2 shows that the number of glances over 2 seconds is highly reduced with 
spearcons. This result shows that the test persons do not have to look at the displays 
for as long period of time as the baseline in order to understand the location. It is 
enough with just a very fast glance. The mean value for earcons in figure 5.2 shows 
the opposite: test persons look longer at the displays than without sound. Results in 
figure 5.3 show that even the glance duration follows the same results as in figure 5.2. 
If the glance duration also decreases it shows that the test person is not as distracted by 
looking on the displays. In figure 5.4 the total glance time also follows the results from 
figures 5.2 and 5.3. The total glance time do however show that the glances in total 
(sum of their number and length) decrease with the spearcons. These results give a 
clearer result that the spearcons reduce the visual distraction. The earcons however 
seemingly show an increment of glancing at the displays. 
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Figure 5.1- Mean of task duration referring to the different concepts. No statistical significance p=0.716 
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Figure 5.2-Mean of Number of glances referring to the sound concepts. Not statistically significance p=0.168 

 

 
Figure 5.3- Mean of glance duration referring to the different concepts. Not statistically significance p=0.499 
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Figure 5.4- Mean of total glance time referring to the different concepts. Statistical significance p=0.001 

5.1.1 Self-assessed driving estimation results  
The results gathered from the test persons in the self-estimated driving estimation 
also showed a great improvement when being assisted by spearcons. Figure 5.5 
shows that the test persons are more comfortable in their driving assisted by 
spearcons. Giving that a 10 on the scale is very good driving; the baseline is 
slightly over average (6 of 10). The earcons do not seem to make any difference in 
the driving estimation. Figure 5.6 shows that the difference between the assigned 
tasks is very small. This is because the tasks are performed in very similar 
manner. All the tasks are performed by scrolling the menus. 
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Figure 5.5- Mean of the driving estimation referring to the different concepts. Statistical significance p=0.001 

 
Figure 5.6- Mean of the driving estimation referring to the different tasks. Not statistically significance p=0.211 
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it was found that there existed a statistic significant main effect of sound, F (2, 24) 
= 10,48 , p< 0,01 in total glance time resulting from the different sound concepts. 
However no significance was detected within the other parameters referring from 
the sound concepts. Referring to tasks instead, the results become more significant 
from each other. In task duration the main effect of tasks resulted in F (5, 65) = 
36,547 , p<0,01 and also the main effect of tasks F (5, 60) = 5,413 , p<0,01 in 
glances over 2 seconds and F (5, 60) = 21,971 , p<0,01 in the total glance time. 
Within the drivers estimation of their driving performance also a main effect of 
sound occurred with F (2, 26) = 9,337 , p<0,01. In the other cases there was no 
statistical significance for p<0,05 or p<0,01.  

5.2  Result summary 
By looking at figures 5.1-5.4 and 5.5 it is evident that we have reached our main goal and 
succeeded in reducing the visual distraction by adding spearcons to the visual interface. This 
is a very promising result, and gives a very good foundation for improving the interfaces. The 
result also shows the opportunities of implementing sound to the interfaces’ hierarchies.  
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6 Conclusions 
From the results involving the spearcons, a clear conclusion can be made that they actually 
did decrease the visual distraction. Keeping on improving the spearcon concepts will probably 
also show a continued reduction. However the earcons did not contribute to a reduction. The 
conclusions for these results of earcons are believed to be that the menu hierarchy was too 
large and complex and made the earcons irritating by notifying at every menu element. 
Another conclusion made with the earcons is that having such a big menu structure, the 
different earcons are confusing the driver more than helping him/her and informing were in 
the menu they are currently located. If we compare earcons to the baseline in this study it 
seems that the mean measurement values are increased by the earcons [figure 5.1-5.4]. 
However, this does not mean that earcons are worse than the baseline, because there are no 
statistically significant differences between them. I believe that combining the earcons to the 
easier menu segments in the hierarchy they would give better results. Still the final conclusion 
is that for these interfaces spearcon did reduce visual distraction and the earcons did not. 

6.1  Further research 
As shown in the results the only concept giving any results was the spearcons. With 
that statement I do not believe that the earcons should be overlooked. I highly believe 
that a combination between these two concepts should be investigated. Because of the 
difference between the concepts and they seem to give different information to the 
drivers about the menu. Earcons give an understanding of the depth in the menu 
hierarchy while the spearcons tell the driver which element is currently selected. By 
combining the concepts, the whole hierarchy can be informed to the driver. If we 
instead think about the concepts separately I do not think earcons is the right concept 
for these complex hierarchies and instead proceed with the spearcons. A further 
development of the spearcons would be to have a clearer TTS-generator and perhaps 
also investigate the effect of using different gender in the voice.  
Also a suggestion for further research would be to investigate a smart way for how the 
humans interact with the interface with sound e.g. a voice command to the interface 
that replies with some kind of sound to confirm that the interface have understood the 
request.  
Considering touch interfaces instead of visual interfaces these concepts could work 
just as well. One way to add sounds with touch interfaces could be when hovering 
over an icon, a spearcon or earcon would be played. Another concept could be 
applying clicking sound with a tempo increasing when approaching an icon while 
hovering over the display. 
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